(Denman and Powell, 1984)

Allen(2000)

Klinck(1996)

Klinck

(Cowen et al., 1993)

(left-bounded flow)



Lafuente et al. (1999) La Linea Submarine Canyon

0.5 m/s

(Baroclinic tide)

Hickey (1997) Astoria Submarine

Canyon



2.1
- (Kao-ping Submarine Canyon)

20 ( 1)

(,1993)

3.2

(1993)

(form ratio)
1.31 1.26 1.25 K, O, S,

M,



3.3
(1988) 150 KHz

(Shipboard Acoustic Doppler Current Profiler, Sb-ADCP)

downcanyon currents

(upcanyon currents)

(1988)

(,1993)

135 cm/s

3.4
( ,1993)

1~2 10~12 (NNE)



3.5

and Chern(1996)

(1996)

Sb-ADCP

(Lwiza et al., 1991)

, 1994

Wang






1999 9 12 2000 5

Sb-ADCP (Conductivity, Temperature, Depth
Recorder, CTD)
2000 6 ~7 RCM-8
Workhorse ADCP

1999 5 ~2000 2

10 1999 9 12 2000 5
6 7 5 2000 6 7
3.1 Sb-ADCP
Sb-ADCP
RDI 75 kHz  Sb-ADCP
ADCP Bottom-
tracking ADCP 75 kHz
(Bin length) 4 16.4

15 %



(C557 ) 1999 9 1
AB 24 18 ADCP

(C593 ) 1999 12 22 12 23

CD 13 9 ADCP
) 2000 5 2 5 3 ADCP
15
DGPS
GPS DGPS
AB
AB 7 CD
10
ADCP
2
ADCP 6 ( 3.18ml/s)

3.2CTD

2)
AB

(C621



Sh-ADCP Seabird
(CTD) CTD
1999 9 B S1 S2 ( 2 1) 1999
12 2000 5 S1 S2 S3
1.
C557
1999.09.01~02
E N (m)
Sb-ADCP A 120° 24.50’ 220 27.70’
Sb-ADCP &CTD| B 120° 18.00’ 220 22 .30’ 450
CTD S1 120° 23.331" 22° 26.906’ 114
S2 120° 20.818’ 22° 24.680’ 435
C593 C621
1999.12.22~23 2000. 05.02~-03
(E) (N) (m)
Sb-ADCP A 120° 25.098’ 220 27.600’
B 120° 18.300’ 220 22 242’
C 120° 25.542’ 220 25 440’
D 120° 19.452’ 22° 20.400’
CTD S1 120° 24.000’ 220 24.198' 318
S2 120° 20.142’ 22° 24.000’ 450
S3 120° 18.108’ 22° 21.660’ 418
3.3
RCM-8
Workhorse ADCP 2000 6-~7
3.3.1 RCM



RCM-8 2000 6 20 2000 7 21
( 2) 32 2. RCM-8
1
290 RCM-8 170 RCM-8
236 RCM-8 2000
6 28 7 RCM-8 200 270
30~40 24
3.3.2 Workhorse ADCP
RDI 600 kHz Workhorse ADCP 2000 6
2. RCM-8 Workhorse ADCP
RCM-8
2000.6.20 ~ 7.21
E N (m) (m)
200
120°24.50' | 22°27.70' | 290 :2000.6.28 ~ 7.21
270
Workhorse ADCP
2000.6.19 ~ 7.21
(E) (N) (m)
120° 25.098' | 22°27.600’ 15
:2000.6.29 ~ 7.15

10



19 2000 7 21 ( 2

2 33 15 2 pings
per ensemble 60 Bin 30 ADCP
Workhorse ADCP 6 22

19 16 ( 2)

11



4.1 Sb-ADCP

ADCP

(Lwiza et al., 1991) 1999 09

6
0.53 m/s 0.53 x 6 X 120 = 381.6
400
0.003
330 0.003
613 26
22.4497(N) 22.3747(N) AB
15.32 km 16.4
4
4.2 Sh-ADCP

18

12

01

x csc33°



18 , 1993
M, K,
18 (24 Visual Fortran 6.0 IMSL
(the least square method) fit
fit M, K,
4 fit
u=u0+§ aJksjn((T@k)-auk) 1
v=v0+§ avksin((i_—f)—evk) 2
u - v - Uy Yy
Uu Vv a, a, u Vv M,
a, a, u Vv K, 0, 06, u Vv
M, 6, 0, u Vv K, T T,
M, K, 12.42 23.93
M, K,
t
t
M,

(M, +K,) 50 % ~ 90 %

13



AB CD fit M,

4.3 Sb-ADCP

ADCP
ADCP Sb-ADCP
Joyce(1989) GPS Sb-ADCP
L 1999
ADCP
ADCP
Sb-ADCP

Lwiza et al.(1991), Wong and Munchow(1995)
(personal communication)
400cm/s( 7.5 )
(heading) 4° good pings > 85 %

6 cm/s 8 cm/s ADCP

6 (320

cm/s)

14



4.4

1 38
RCM-8
(Progressive Vector Diagram PVD
) Workhorse ADCP ADCP
ADCP 2
ADCP 38
PVD
4.5 CTD
CTD 1
24 1

(T-S ) CTD

(N)

15



5.1

5.1.1
(Pond and Pickard, 1983)
(form ratio) F
= (Kq + 0O, ) (M, +S, ) F
0 0.25 F 0.25 15
. F 1.5 3.0
; F 3.0
3. 1999 5 -8
ANALYSIS OF HOURLY TIDAL HEIGHTS
Liu-Chiu Yu 1999/05/26 - 1999/08/24
NO.OBS.= 2159  NO.PTS.ANAL.= 2161
NAME  PERIOD(HR) A(m)  G(deg)
K1 23.93  0.1933 131.05
M2 12.42  0.1699 134.33
01 25.82  0.1437 326.31
S2 12.00  0.1377 201.71
Form ratio =1.10
1999 5~8
9~12 2000 1~2 ( 3~5) Formratio 1.10,1.12
1.44

ADCP 2000 6 ~7 Form ratio= 1.28

16




( 6)

1.31) (F=1.25)

4. 1999 9 -~12

ANALYSIS OF HOURLY TIDAL HEIGHTS
Liu Chiu-Yu 1999/09/23 - 1999/12/31
NO.OBS.= 2375 NO.PTS.ANAL.= 2377

NAME ~ PERIOD(HR) A(m)  G(deg)
M2 12.42  0.1952 173.70
K1 23.93  0.1590 32.79
01 25.82  0.1357 75.61
s2 12.00  0.0689 225.34

Form ratio = 1.12

5. 2000 1 -2

ANALYSIS OF HOURLY TIDAL HEIGHTS
Liu-Chiu Yu 2000/01/01 - 2000/02/23
NO.OBS.= 1295 NO.PTS.ANAL.= 1297

NAME ~ PERIOD(HR) A(m) G(deg)
K1 23.93  0.1886 318.31
M2 12.42  0.1526 89.15
01 25.82  0.1235 92.09
s2 12.00  0.0639 237.28

Form ratio =1.44

6. ADCP 2000 6 ~7

ANALYSIS OF HOURLY TIDAL HEIGHTS
STN Tung-Kang 2000/06/29 - 2000/07/15
NO.OBS.= 431 NO.PTS.ANAL.= 433

NAME  PERIOD(HR) A(m)  G(deg)
K1 23.93  0.2683 174.18
M2 12.42  0.2359 264.48
01 25.82  0.1834 32.91
s2 12.00  0.1154 359.34

Form ratio = 1.28

17




5.1.2

( 5) 200
270
42.1cm/s 63.9cm/s 353° 90
38 10cm/s( 6) ADCP
( )
270m  PVD (7
200m PVD
270m
M, S, K, O) 200m M, 3 ~
( 8 7)) 270m M, 5~6
M,
M, (9
M, 200 270
63% 70% (M,/(M,+K+S,+0,))
ADCP 7 10 12
( 10 11)
76 cm/s 74cm/s 67 cm/s 282°

295° 289° 38 (

18



12) 20 cm/s PVD

( 13)
(12 ) M, S, K, Oy
Mz S)) ( 14 9 (Ky
2~3 M,
7
4~5 ( 15 10)
7. 200m - (V)

ANALYSIS OF HOURLY V kaopin canyon 200m
2000/06/28 - 2000/07/21
NO.OBS.= 555 NO.PTS.ANAL.= 555

NAME  PERIOD(HR) A(cm/s) G(deg)

M2 12.42 13.220 71.92

K1 23.93 3.449 227.59

S2 12.00 3.418 185.05

01 25.82 0.702 194.52
8. 270m - (V)

ANALYSIS OF HOURLY V
Kaopin canyon 270m 2000/06/28-2000/07/21
NO.OBS.= 555 NO.PTS.ANAL.= 555

NAME ~ PERIOD(HR) A(cn/s) G(deg)
M2 12.42 28.424  78.99
S2 12.00 4.769  218.33
01 25.82 4.570 163.84
K1 23.93 3.105 162.49

19




9. 12m - (V)

ANALYSIS OF HOURLY U  STN Tung-Kang 12m
2000/06/29 - 2000/07/15
NO.OBS.= 431 NO.PTS.ANAL.= 433

NAME ~ PERIOD(HR) A(cn/s) G(deg)
s2 12.00  6.7195 39.08
M2 12.42  4.6511 203.18
K1 23.93  4.4190 145.88
01 25.82  1.3708 322.97

10. m - (U)

ANALYSIS OF HOURLY U STN Tung-Kang 7m
2000/06/29 - 2000/07/15
NO.OBS.= 431 NO.PTS.ANAL.= 433

NAME  PERIOD(HR) A(cm/s) G(deg)
s2 12.00 15.9548 15.78
M2 12.42  9.5783 129.47
K1 23.93  5.2724 91.86
s4 06.00  2.4934 20.52
01 25.82  0.8124 317.29

5.2 Sb-ADCP

16 ~ 18 Sb-ADCP

80 ~ 100

( ) 100

20




5.2.1

RCM

63% 70%

21
(SSE)

12 SSE

)M2 23 ~ 25

21

M,
(20

50% ~ 90%

M,
M,
SSE
22 3 (16.4m
3 (16.4m M,

12



( ,1998)

Sbh-ADCP
( 26~28)
( )
( )
29 30 ADCP

256 RCM
16 ~ 18 Sbh-ADCP
(1988)

22



(12 5 ) © )

22~ 28 31~ 33 12 16.4
( 31
M, ( 24)
«( - ) 9 ( 32) 5 ( 33
9 5
522
( 34) RCM 10
cm/s (16.4 ) ( 35 9 5
12
5 9 9 20 ~30cm/s 5
40 ~50 cm/s 12 80
~90 cm/s 12 7~9

(eddy)

23



Sb-ADCP

0.18 Sv (

12

9 AB
( 37)

0.2Jm3

5.3

5.3.1 CTD
(1996)

20
( 398)

12 )

16.4 16.4
9
36) 12
0.3~0.4Sv
5 12
K, = mv%2 1999
ADCP
9
S, S;
ST
CTD S1 S2 S3

24



50

(1996) 110~130

12 ( 15 )

Wang and Chern(1996)

2~ 4
9 CTD
80 (1996) 60~ 70 9
22~23

5.3.2

200 270

8 ( 39
2~3 200 M,
11. 200m

ANALYSIS OF HOURLY Temp.
Kaopin canyon 200m 2000/06/28-2000/07/21
NO.OBS.= 555 NO.PTS.ANAL.= 555

NAME ~ PERIOD(HR) A(C) G
M2 12.42  1.8009 292.22
K1 23.93  0.5244 78.40
s2 12.00  0.4972 52.22
01 25.82  0.2586 57.41

25




12. 270m

ANALYSIS OF HOURLY Temp.
Kaopin canyon 270m 2000/06/28-2000/07/21
NO.OBS.= 555 NO.PTS.ANAL.= 555

NAME ~ PERIOD(HR)  A(°C) G
M2 12.42  1.4764 299.76
s2 12.00  0.4207 68.69
K1 23.93  0.2835 54.84
01 25.82  0.2721 55.71

(S, K, 0,) 3-~-4 ( 40

12) 270 M,

M,

13. ADCP 14m

ANALYSIS OF HOURLY TEMP.
STN Tung-Kang 2000/06/29 - 2000/07/15
NO.OBS.= 431 NO.PTS.ANAL.= 433

NAME ~ PERIOD(HR) A(C) G
s2 12.00  0.2893 221.37
M2 12.42  0.1846 29.59
01 25.82  0.1250 24.61
K1 23.93  0.0195 166.23

14. 270m

ANALYSIS OF HOURLY Salinity
Kaopin canyon 270m 2000/06/28-2000/07/21
NO.OBS.= 555 NO.PTS.ANAL.= 555

NAME  PERIOD(HR) A(%/,) G
M2 12.42  0.0331 121.86
K1 23.93  0.0154 274.61
s2 12.00  0.0120 290.59
01 25.82  0.0044 333.05

26




14)

ADCP

5 (

41)

(

13)

27



6.1

(Fan and Yu 1981; Fan 1982; 1987; Shaw 1989;

1996)

(Shaw, 1989)

( 1987)
(12 ) ( 35)

( 42

( ) 0.1~0.2
pus. 1991 5m

( 44)

28



(1996)

( 43)
(Wang and Chern 1992) 5
9

Wang and Chern(1992)

6.2

(Hickey, 1997)
Rossby number (R,) the
stratification parameter (S) the vertical stratification scale (T,)

the internal Rossby radius of deformation (R,)

29



R, = U/ fL 3)

S = NH / fL (4)
T, = fL / N (5)
R,= NH / f (6)
f U N buoyancy
frequency (N>=(g/p )(A p /A Z)) ¢ P z
L H
(H) 400 L) 35

f=2Qsind=556x 10° U 20~60cm/s N

CTD © )

(12 ) N 1x102 ~ 2x102 R,
1-3 S 20~41 Tr 19m~10m R,
71 km ~ 143 km R, < 10°

S

Klinck(1996)
S 8 32

S 20-~41 9
20 12 S 41

30



Wang and Chern(1996)

R, 71km
7 km
6.3
6.3.1
12 7~9
( 35 Reynolds
number (Batchelor, 1970) Reynolds number 60
90
(Ferrier et al.,
1996) Reynolds number (R,)
R, = % (7)
V L K,
ADCP 1.6
m/s ( 45) 5500 Ky
Pattiaratchi et al.(1986) 10% m?/s R.= 88

31

12



Tseng(2001)

6.3.2

(Allen, 2000)

Wang and Chern(1996)

G ~8 )

2~4 2000 6-~7

Workhorse ADCP

1~2 ( 41)

32



(Klinck 1996)

Sb-ADCP
9
12
8
1)
6.4
( 47)

Workhorse ADCP

()

Klinck (left-bounded flow)

(right-bounded flow)

( 46)

Wang and Chern(1996)

(2)
(3)

RCM

33



0.2( 48)

7

Vv
-0.4

( )

5 ( 50)
200 270
0.3( 49
200 270

2

51

(

49)

52)

0.3

0.6



(Sb-ADCP)
RCM-8 Workhorse ADCP
MZ
M
38 10 cm/s
MZ
)

12 12
90 cm/s 5 40 ~ 50 cm/s

20~30 cm/s
53 12 7~9

35

(CTD)

80 ~



Karman vortex

5~8

ADCP

36

Wang and Chern(1996)
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Latitude (North)

Taiwan
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Longitude(East)
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613m

4m

ADCP BEAMS

3. Sb-ADCP

41



u (cm/s)

v (cm/s)

U = u, + a,sin(2at/T,-ph;) + a,sin(27t/T,-ph,)
T,=12.42 hr (M,) T,=23.93 hr (K;)

(@) Lat: 22.3867 Depth: 220.4 m
u,=-2.231 cm/s, a,=27.389 cm/s, ph,=0.326 radian,

a,=-6.081 cm/s, ph,=0.392 radian, SSE=1177.6 cm’/s

0 6 12 18 24 30

Time (hours)

V =V, + a;Sin(2at/T-ph,)+a,sin(24t/T-ph,)
T =12.42 hr (M,) T,=23.93 hr (K,)

(b) Lat: 22.3867 Depth: 220.4 m
v,=-5.812 cm/s, a,=-28.467 cm/s, ph =0.251 radian,

a =-7.535 cm/s, ph =0.94 radian, SSE=1031.4 cm’/s”

Time (hours)

4.1999 9 220-m (a)u (b
Uy Vo) M, (a) (phy) K.
(a) (ph.)
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June - July, 2000

Velocity (cm/s)

Kaoping canyon flow at 200 m depth

A F‘“W»\“

(b)

rFrrrrr 1 1t 1° 11 T T T T T T T"7T"]I
2829 30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

60 —
40 —
20 —

20 —
40 —
-60 —

Velocity (cm/s)

Kaoping canyon flow at 270 m depth

sl

(€)

Surface elevation (m)

rrrr T T T 1t 1t + -ttt 1°r11 1 1T 1T 1T 1T T T T 1]
2829 30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

16.5
Tung-Kang coastal site
16.0 —
15.5 —
15.0 —
BS———7—71 717 T 1T T T T T T T T T T T1
30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
5. RCM (a)200m  (b)270m (c)

ADCP
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(@)

(b)

Velocity(cm/s) Velocity(cm/s) Velocity(cm/s) Velocity(cm/s) Velocity(cm/s)

Velocity(cm/s)

.10
15 —
-20

-10 —
.15 —
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Kaoping canyon flow 38-hr low pass filtered
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@) = PVD in Kaoping canyon
200-m depth
40 —
30 —
€
<
n
20 —
pd
10 — 7121
0 — 6/28
I I I I I
-50 -40 -30 -20 -10 0
E - W (km)
(b) s0
270-m depth
7121
40 —
30 —
€
3
n
¢ 20
pd
10 —
0 — 6/28
I I I I I
0 10 20 30 40 50
E - W (km)
7. (8)200m  (b)270m (PVD)
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(@)

Velocity (cm/s)

30

20

10

-10

Ellipse of tidal current in Kaoping canyon

(b)
200-m depth
Q
S
L
n 2
‘©
o
(]
>
| | |
-10 5 0 5 10
Velocity (cm/s)
8. (2)200m  (b)270m
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Amplitude of major axis (cm/s)

(b

N—r

Amplitude of major axis(cm/s)

Current Spectrum in Kaoping canyon

200-m depth

| | |
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I I
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16 20
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Current and Tide on Tung-Kang shelf
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Current and Tide of Workhorse ADCP on Tung-Kang shelf
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PVD on Tung-Kang shelf
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14.

Ellipse of tidal current on Tung-Kang shelf
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Current Spectrum on Tung-Kang shelf
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Temperature and Salinity in Kaoping canyon vs. Tide on Tung-Kang shelf
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Temperature Spectrum in Kaoping canyon and on Tung-Kang shelf
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Current of Shipboard ADCP in December
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