REEERAEL LY 36 CFER124E 3 A10H
REPORT OF HYDROGRAPHIC RESEARCHES No.36 March, 2000

FIRIE - Y o B0 E BRI T 1 A SRR 1

FEMFFRT, & I, PEME, KR

Surface Current Analysis of Marine Meteorological Data Observed at Mooring Buoy
Station off Joga-Shima Island in Sagami Bay.!

Yoshio UEDA®, Masayuki MINE**, Naohiro NAKATA®*** and Kentarou SHIMIZU***
Abstract

Marine meteorological data observed at mooring buoy system off Joga-shima island in Sagami
Bay were analyzed by BAYTAP-G program to obtain the tidal current harmonic constants and
drift current induced by wind. The data were sampled every hour for the period from Jan. 1 to Dec.
31, in 1997, The observed current vector were analyzed in combination with wind vector. Through
the above analysis, it has become clear that the wind effect enhances the diwrnal components as
much as 2 {actor for the tidal current harmonic constants, which may arise {from the sea-land
breeze system predominant in Sagami Bay. The response coefficients of drift current correlated
with discrete wind velocities were obtained for several cases by changing lag parameters. Through
this analysis, it became clear that the general pattern of drift current was consistent with Ekman
spiral system. The present study also made apparent the origin of the sudden enhancement of
coastal current velocity {(overfalls) in the Sagami Bay. One origin is the approach of Kuroshio
branch into the Sagami Bay as already pointed out by several authors, and the other is the
augmentation of the tidal current amplitude. The latter phenomenon is newly found and it may he
triggered by the approach of the Kuroshio branch to the coastal region.
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Fig. 1

Location map of mooring buoy station off
Joga-shima island.
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Table 1 General aspect of the mooring buoy system: off Joga-shima island in Sagami Bay.
Administration Kanagawa Prefectural Fisheries Research Institute
Location about 7.7km west to southwest off Joga-shima island,

Latitude © 35°05°36” N, Longitude ° 139°32'38"E
Water depth is about 750m.

Starting from March 10, 1995

Observation period

Current meter depth 3.0m below sea surface.

Current direction, current velocity, wind direction, wind velocity, water
temperature at 3.0m below sea surface.

Observation item




Surfuce Current Analysis of Marine Meteorological Duta Observed at Mooring
Buoy Station off Joga-Shima Islund in Sagami Bay.
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Fig. 2 Marine meteorological hourly data observed at the mooring buoy station from Jan 1 to Dec 31 in 1997.
(a) Observed current velocity, unit in em/sec.
() E-W current., unit in em/sec. Eastward is positive.
{c) N-S wind, unit in m/sec. Northward is positive.
(d) Sea surface temperature {C)
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Table 2 Statistics of observed data

Current Eastward Northward Wind Fastward TNorthward
magnitude |current current magnitude wing wind
velocity velocity velocity velocity
em/sec cm/see cm/'see m /sec m /sec m /see
mean 15.2 0.7 0.5 6.4 —0.4 ~0.5
standard 1.3 12.6 6.3 3.8 3.9 6.3
deviation
maximum 79.3 47.0 19.3 25.0 18.9 23.3
minimum 0.0 —63.7 —23.3 0.0 —19.9 —19.3
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tdiv.=10cm/s

(a)

(b)

()

(d)

Fig.3 Example of analyses of eastward current hourly data from Jan, 1 to Dec,
21, in 1997 by BAYTAP-G. Tatal data number is 8520 for one component,
{a) Ohserved eastward current, whose mean value is 0.65 em/s and standard

deviation (sigma) is 12.60cm/s, respectively.

(b} Trend component of eastward current,
(¢) Tidal component. Sigma is 2. 70cn/s.
(d) Response component {drift current). Sigma is 4.87 cm/s.
(e} Residual component. Sigma is 7. 77en/s.
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Table 3-1 Results of analysis by BAYTAP-G for 1 year span date

E-W CURRENT N-S CURRENT

span 1 year 1 year
LAG 12 8
ABIC 36705.7 36801.1
g 7.9 8.0

Harmonic constants Harmonic constants
Term Amp{em/s} Phase (deg) Amp{em/s) Phase (deg)
Q1 0.48 —17.9 0.35 —161.9
o1 0.78 24.5 0.53 —116.3
Ml 0.48 —-138.1 0.21 125.6
P 1.13 118.4 1.18 38.2
S1K1 2.06 78.1 1.60 —9.8
) 0.48 —1.4 0.20 145.6
001 0.71 139.8 0.35 73.8
2N2 0.36 67.0 0.15 —51.1
N2 0.61 —110.8 0.93 136.2
M2 2.72 -37.1 3.92 —168.6
1.2 0.26 —6.2 0.37 —147.5
52 (.89 —27.5 1.29 —148.3
K2 0.21 91.4 0.60 -6.0
M3 0.19 72.1 0.15 —153.0
Diurnal/Semidiurnal, 1.32 0.61

Table 3-2 Response coefficient of drift current induced by wind

E-W cwrrent N.S current

Lag N-S wind E-W wind N-§ wind E-W wind
0 0.22 (0.03) 0.12 (0.04) 0.29 (0.03) | —0.12 (0.04)
1 0.15 (0.03) 0.05 (0.04) 0.16 (0.03) | —0.13 (0.04)
2 0.16 (0.03) 0.02 (0.04) 0.08 (0.03) | —0.09 (0.04)
3 0.14 (0.03) | —0.01 (0.04) 0.01 (0.03) | —0.08 (0.04)
4 0.12 (0.03) | —0.03 (0.04) | —0.02 (0.03) | —0.02 (0.04)
5 0.10 (0.03) = —0.05 (0.04) | —0.08 (0.03) | —0.00 (0.04)
6 0.06 (0.03) 0.00 (0.04) | —0.10 (0.03) | —0.02 (0.04)
7 0.03 (0.03) | —0.06 (0.04) | —0.14 (0.03) 0.00 (0.04)
8 0.01 (0.03) : —0.05 (0.04) | —0.17 (0.03) 0.06 (0.04)
9 —0.03 (0.03) | —0.06 (0.04)

10| —0.06 (0.03) | —0.01 (0.04)

11| —0.09 (0.03) 0.03 (0.04)

12 | —0.18 (0.03) 0.03 (0.04)

Figures in parenthesis mean probable errors.
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Table 4 Main tidal harmonic constants at Abur-

atsubo tidal station near the mooring buoy

Term Amp (em/s) Phase (deg)

01 18.2 158.2
r1 7.6 174.5
K1 23.1 176.3
N2 5.7 138.8
M2 36.0 145.8
S2 16.8 173.2
K2 4.7 168.2
Dl | 0w

Evgplie bz, 7783w L LI o
ABIC flinf/Mbi % & 5. baalc# 3 » Hog
WAl (77— 2 42160} Ti3 7 7 #1472 ~ 3 T ABIC
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Tahle 6 Characteristics of ABIC values and
standard deviation{s) of residuals for
eastward current analysis by BAYTAP-G

Lag ABIC(-36700) o {em/s)
0 476.7 8.264
1 205 .43 8.166
2 180.08 8.100
3 122,36 8.063
4 103.45 8.044
6 109.62 8.026
9 66.36 7.975
11 20.28 7.933
12 5.73 7.916
13 6.71 7.906
15 28.21 7.896
18 49,37 7.875

Table 5

Results of one year analysis neglecting the wind effects on surface current. 25 hours

running mean values are deleted from raw current data and then analized.

E-W CURRENT N-S5 CURRENT

Term Amp(en/s) Phase (deg) Amp{en/s) Phase (deg)
01 1.10 18.8 0.62 —103.8
P1 1.50 128 .4 1.46 49.6
Sl 4.80 —45.0 3.62 ~123.6
K1 2.01 81.0 1.56 —5.8
N2 0.62 —109.9 0.95 138.3
M2 2.66 —35.3 3.77 —168.2
52 0.74 —30.1 1.28 —158.4
Diurnal/Semidiurnal 2.34 1.21
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Table 7 Response coefficients for different lag parameters

lag E-W current N-S current
max N-S wind E-W wind N-S wind E-W wind

0 0.617 (0.020) 0.220 (0.030) 0.376 (0.020) | —0.374 (0.030)
c=28.26 o—8.28

1 0 0.306 {0.029 0.142  (0.037) 0.349 (0.030) | —0.194 {0.037)

1 0.419 (0.029) 0.043  (0.037) 0.070 {(0.030) | —0.321 {0.037)
g=8.17 c—8.24

2 ] 0.263 (0.029) 0.128 (0.037) 0.359 (6.030} | —0.153 (0.037)

0.201 (0.035) 0.038 (0.041) 0.149 (0.035) | —0.195 (0.041)

0.346 (0.029) | —0.043 (0.037) | —0.697 (0.030) | —0.236 (0.037)
o¢—8.10 c=8.22

3 0 0.265 (0.029) 0.118 (0.037) 0.359 {(0.030) | —0.141 (0.037)

1 0.168 (0.035) 0.045 (0.041) 0.172 {0.035) | —0.183 (0.042)

2 0.195 (0.035) | —0.005 (0.041) 0.047 {0.035) | —0.136 (0.042)

3 0.249 (0.029) | —0.112 (0.037) | —0.206 {0.030) | —0.172 (0.037)
7=8.06 o—38.19

6 ¢ ¢.270 (0.029) 0.111 {0.037) 0.310 {(0.029) | —0.130 (0.037)

1 0.164 (0.036) 0.043 (0.041) 0.168 (0.035) | —0.140 (0.041)

2 ¢.171  (0.035) 0.012  (0.041) 0.089 (0.035) | —0.087 (0.041)

3 $.156 (0.035) | —0.025 (0.041) 0.016 (0.035) | —0.080 (0.041)

4 0.122 (0.035) | —0.049 (0.041) =0.029 (0.035) | —0.031 (0.041)

5 0.095 (0.035) | —0.103 {0.041) | —0.120 (0.035) | —0.015 (0.041)

6| —0.028 (0.029) | —0.126 {0.036) | —0.282 (0.029) | —0.028 (0.037)
c=8.03 o=8.05
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Fig.4 Variation of calculated northward drift current for the period from
June 1 to June 30, 1997 for several lag parameters. One division in

vertical scale is 10 cm/sec.

Standard deviation for each lag parameter is as follows ; 2.97¢en/s
for lag=12, 2.75em/s for lag=46, 2.4dem/s for lag—3 and 2.24em/s for

lag=0.
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Surface Current Analysis of Marine Meteorological Data Observed at Mooring
Buoy Station off Joga-Shima Island in Sagami Bay.
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Fig.5 Records of currents on overfalls at the mooring station off

Joga-shima island in Sagami Bay. Observed moon’s shape are
also shown below the x-axis.
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Fig.6 Variation of tidal current harmonic constants,
{a) Harmonic constants of northward tidal current.
(b) Harmonic constants of eastward tidal current.
Table 8 Variation of thermocline depth near the mooring buoy
year Jan | Feb { Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec
1996 | 104m 117m 18m Tm Om
1997 78m 132m 11m 63m
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Fig. 7 Characteristic features of eastward current on overfalls. About one year ranging eastward current
data were analyvzed by BAYTAP-G under maximum lag parameter of 12,
{a) Magnified scope of the results shown in Fig.3 for the period from May, 15 to May 31, 1997,
1 ! trend removed eastward current
2 summation of tidal and drift components.
3 | three times of tidal component.
4 response component (drift current).
(b} Response component (drift current) and related wind velocity.
1 ! eastward response current (drift current) calculated from response coefficients.
2 . northward wind.
3 | eastward wind.
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