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Water Exchange of western Seto Inland Sea

II. Current pattern and Water Exchange in Beppu Bay
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Abstract

In this paper, current pattern and water exchange between inner and outer waters of
Beppu Bay in the western Seto Inland Sea were studied by Lagrangian measurement using
drifting buoys and drift cards. The wind effects on the current pattern were also analysed
based on the current data obtained by Eulerian measurement using current meters to clarify
the roles of wind driven current in the transport of materials in the Bay.

The results are summarized as follows;

(1) A thermal front generally occurs in the mouth of Beppu Bay and it seems to play an
important role in the water exchange of inner and outer waters.

The inner water moves mostly southward along the front and outward flows from the
southern edge of the front, when the shape of the front is deformed due to ebb current.
(2) Tidal residual circulation in anticlockwise direction is found in the Bay. This anticlock-
wise circulation develops due to prevailing NW’ly wind in winter, while almost no change

is observed under weak SSE’ly wind in summer.
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Table 1. List of Radar buoys tracking in Beppu Bay.
Released Moon’s Duration Released position Picked up position Mean Daily mean wind
No age lat(N) long(E) lat(N) long(E) current at Sata Misaki
time hr d hr (°) (em/s)  (°) (m/s)
1’82, Janu. 28, 9.0 3 23.5 33° 21.95" 131° 42.83" 33° 16.21/ 131° 52.85" 125 22.18 318 15.9
2 ” » 9.7 » 14.3 33 19.00 131 44.76 33 15.69 131 52.37 118 25.74 ”
3 ” »10.4 » 240 33 19.49 131 52.00 33 18.14 132 01.02 100 16.36 ~ ”
4 °83, Janu. 26,16.0 12 25.0 33 19.08 131 41.05 33 16.58 131 52.20 105 19.81 335 7.4
5 ” »16.0 » 25.0 33 19.07 131 43.35 33 17.71 131 53.08 100 16.93 ~ ”
6 ” »16.0 » 23.5 33 19.08 131 45.59 33 17.78 131 49.75 111 8.11 ~ ”
7 ” »16.0 » 245 33 19.04 131 50.14 33 20.59 131 49.67 346 3.36 ~ ”
1 ’83, June 21,16.5 10 47.0 33 20.35 131 44.33 33 21.07 131 53.26 84 8.18 48 5.5
2 ” »16.5 » 47.0 33 21.00 131 47.80 33 21.26 131 52.21 86 4.03 ~ ”
3 ” »16.5 » 47.0 33 21.71 131 51.14 33 22,91 131 51.73 22 1.42 ”
4 v »16.5 » 24.5 33 22,38 131 54.76 33 15.49 132 02.65 136 19.99 353 4.8

Mean current is calculated tracking buoy duration times.
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Table 2. List of releases and recoveries of drift cards in Beppu Bay.

Released Recoverd Rate of
Date Number recovery
station number %
R 25, Jan. 82 200 94 47
J2 29, Jan. ’82 50 4 8
J3 ” ” 50 12 24
J4 ” ” 50 15 30
A 1, June °’82 50 9 18
B ” ” 50 9 18
C ” » 50 16 32
D ” ” 50 10 20
’ ' VoY 1 /
A : :
',_10‘,1' ( | I l 70
Tukuisilhanq L7 ¥ ! /
e L R U 60 !
L 20 Lo \ s
/44 ] i 50 / i
r 0 /
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Ono River 3 r
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Fig. 1. Locations of current observation stations and bathymetric chart of

Beppu Bay. Lines represent depth contours in meters.

20cm/sec _=15m N-comp. '
-20~ 5 10 15 20

Sept. 1973

Fig. 2. Variations of the eastward wind velocity at Oita and northward
current velocities at Stn. 1 in the 2.5m and 15m depth layer.
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Fig. 3. Trajectories of radar buoy in Beppu Bay.

(a): From 28th to 29th January 1982. Insert figure is wind vectors at Satamisaki from
28th to 29th January 1982.

(b): Trajectories of buoys 1 and 2 from 26th to 27th January 1983.

(c): Trajectories of buoys 3 and 4 same duration as (b). Time marks (®) on trajectories
are placed every three hours.

N, S: Radar buoy location at the time of maximum northward and southward current in
the Hayasui Seto.

X : Radar buoy location at the time of slack.
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Fig. 4. Temperature observed at buoys 3 and 4 (upper) and tidal current at
Hayasui Seto (lower) from 26th to 27th January 1983.
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Fig. 5. Recoveries of surface drift cards released
on 25-29th January 1982.
OAA®: Recoveries of the cards released at
Stns. J1, J2, J3, J4, respectively.
Numerals are number of recoveries cards.
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Fig. 6. Trajectories of radar buoy from 2Ist to 23rd June 1983. Legends are same as in Fig. 5.
(a): From 2lst to 22nd June (b): From 22nd to 23rd June

~~-: Thermal front on 1%hr 23rd June
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Fig. 7. Temperature record by DTR suspended from radar buoy from 21st to 23rd
June 1983. The trajectories of radar buoy with DTR are shown in upper figure -

(a part of Fig. 6-b).

Time marks on trajectories are placed every one hour.
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Fig. 8. Recoveries of surface drift cards released
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O @A A: Recoveries of the cards released at
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Fig. 9. 25h-mean current obtained by a, b of
the multiple regression equations (1) at 2.5m
depth layer. a): In summer b): In winter
*: Current at 15m depth layer.

Summer

®an

Winter

0 10 20cm/sec
10

S
D
2
5
2
1?\\\
*

Fig. 10. Wind driven current at 2.5m depth
layer due to SSE wind (2m/s) in summer and
NW wind (6m/s) inwinter estimated by multiple
regression equations.

a): In summer b) In winter
*: Current at 15m depth layer.
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Fig. 11.
temperature °C(solid line) and salinity %o (dotted
line) in Beppu Bay on 28th January 1983.

a): Flood tide period (07:30-11:15)
b): Ebb tide period (12:30-16:00)
Numerals are station numbers.
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App. Table 1. Results of multiple regression analysis.
Summer”

ao ai as MR F D+« F

Stn. 1 U 1.50 0. 946 —0.235 0.449 3.416* 2 27
Vv —0.05 —2.650 —0.283 0.721 14. 582** 2 27

Stn. 17 U 0.06 —0.728 —0. 286 0. 204 0.583 2 27
v 1.42 1.137 —0.843 0.690 12. 255%* 2 27

Stn. 2 U 0.45 1.749 1.462 0.613 7.833%* 2 26
A\ —4.44 —1.232 0.328 0.294 1.228 2 26

Stn. 3 U 5.80 3.376 —1.529 0.725 9. 967** 2 18
A\ —2.53 —3.750 —0.136 0.671 7.381%* 2 18

Stn. 4 U —0.41 2.336 2.228 0.594 6.823* 2 25
Y —3.58 —1.322 1.027 0,427 2.785 2 25

Stn. 5 U —1.45 0.197 1.052 0. 751 17. 427%* 2 27
\' —11.43 0.422 1.324 0.493 4,335* 2 27

Stn. 5% U —4.,69 0.550 —0.415 0. 222 0.700 2 27
A\ —b.77 1. 368 0.588 0. 357 1.971 2 27

Stn. 6 U 18.13 —0.084 0.242 0,098 0.122 2 25
v —2.49 —2.175 0.618 0. 402 2. 406 2 25

Stn. 7 U —4.30 1.342 1.898 0. 660 9. 669%* 2 25
Vv —1.08 —1.445 1.047 0.603 7.126%* 2 25

Stn. 8 U 5.96 —2.507 0.387 0.5625 5.136% 2 27
A% —1.20 —0.614 0.848 0.315 1.491 2 27

Winter

Stn. 1 U —0.46 0. 468 0.972 0.403 2.419 2 25
v 0.02 —2.488 —0.236 0.765 17. 667 2 25

Stn. 17 U —0.01 —1.297 —0.285 0.513 4. 454%* 2 25
A% 0.65 —2.073 —1.153 0.595 6. 866* 2 25

Stn. 2 U 4.24 —0.278 1.501 0. 850 29. 997F* 2 23
Vv —2.26 —2.027 —0.609 0. 565 5.404* 2 23

Stn. 3 U 6.20 2. 217 —1.757 0. 569 3.596 2 15
A% 3.54 1.065 2.154 0.838 17, 713%* 2 15

Stn. 4 U —2.05 0.137 0.732 0.425 2.650 2 24
\4 -0.12 —Q.657 1.046 0.822 24.914%* 2 24

Stn. 5 U —2.21 —0.187 0.455 0.429 2,709 2 24
v 4.05 —1.839 1.501 0.835 27.658%* 2 24

Stn. 5% U —1.11 —1.916 —0.399 0.787 15, 487%* 2 19
Vv 4,44 —1.443 0. 565 0.635 6.432%* 2 19

Stn. 6 8] 0.93 3.387 —1.371 0.857 34, 468** 2 25
Vv 3.36 - —=2.779 1.954 0.767 17.917%* 2 25

Stn. 7 U 1.34 0.226 0.993 0.633 7.013%* 2 21
\ —1.19 0. 358 1°423 0.769 15, 164%* 2 21

Stn. 8 U 6.58 4,310 -—0.715 0.666 4.379* 2 11
Vv 0.43 3.352 —0.390 0.534 2.198 2 11

Stn. 8% U 13.92 5.708 —3.755 0.794 8.525% 2 10
\' —0.74 0.247 0.011 0. 059 0.017 2 10

MR: Multiple regression coefficient
F: F value,
* **. Significant at 5% and 1% level, respectively

*: Current at 15m depth layer

DF: Degree of freedom
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