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Table 1. Location of ADCP and CTD observation

stations.
Station Latitude Longitude

ADCP T (Tara) 33°00.652°’N  130°13.996°’E

K (Konagai) 32°56.022'N  130°13.889’E

CTD Al 32°58.139°'N  130°14.446’E

(Line A) A2 32°58.926’N  130°16.130°’E

A3 32°59.713’'N  130°17.815’E

A4 33°00.500'N  130°19.500°E

A5 33°01.287’N  130°21.185°E

A6 33°02.074’N  130°22.870’E

A7 33°02.861'N  130°25.554°'E

CTD C1 33°00.222°’N  130°14.956’E

(Line C) C2 33°01.708'N  130°14.189°E

C3 33°03.194'N  130°13.421'E

C4 33°04.681°’N  130°12.653’E

C5 33°06.167'N  130°11.886’E
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Fig. 1. Head of Ariake Bay. Points T and K show the stations of ADCP deployment. Al to A7 and C1 to
C7 show the CTD observation stations. Lower circles show the direction of major and minor axes of M;
tidal current at points T and K.

Table 2. Specification of ADCP observations.

Code Station Start End Mean Depth  Cell Size Instruments
G/m/d)  (y/m/d) (m) (m)

T T 2003/02/03 2003/03/11 14.49 1.0 Nortek ADP(1.5MHz)
K1 K 2003/05/19 2003/07/14 8.48 0.5 Nortek Aquadopp(1MHz)
K2 K 2003/07/14  2003/09/19 8.49 0.5 Nortek Aquadopp(1MHz)
K3 K 2003/09/19 2003/11/17 8.97 0.5 Nortek Aquadopp(1MHz)
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Fig. 2. Distribution of temperature (left panels) and salinity (right panels) along section A. Vertical axes
indicate the depth and horizontal axes indicate the distance from station Al. The temperature scales are
shown in degrees Celsius while the salinity scales are in practical salinity units.
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Fig. 3. The same as Fig. 2 except along the section C.

Table 3. Specification of CTD observations.
No. Date A C
(y/m/d)

3 2003/2/3  10:00 12:53

4 2003/3/5 9:46  13:26

5 2003/4/3  10:17 13:33

6 2003/5 /2 9:46  13:26

7 2003/6,/2 9:17  12:30

8 2003/7/2 9:38  13:10

9 2003/7/30 10:01 13:53

10 2003/8/29 9:53  13:11 13:22 14:43
11(%) 2003/9/28  9:45 11:15

12 2003/12/10 9:51 13:22 13:31 14:41

(*) Only the observations at Al to A6
are conducted because of the accident.
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Fig. 4. Temporal variations in the Chikugo River inflow rate (at Senoshita Station, in m3 s~!), wind (at Saga,
in m s™!), water level (in m) and bottom temperature (in degrees Celsius). The horizontal axis indicates

days which have elapsed from 1 January 2003.
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Temporal variation of residual current. Vertical axes indicate normalized distance from the bottom

(bottom = 0 and surface = 1). Horizontal axes indicate days which have elapsed from 1 January 2003. N,
Q, F and O indicate new, quarter, full, and old moon, respectively.
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Fig. 6. Standardized partial regression coefficients. T, R, WJ and WI indicate the coefficient for tide, river
inflow, My major, and minor axis component of the wind, respectively.
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Fig. 7. Contribution of the tide, river inflow, and wind on the temporal variation of the upper layer residual
current. Vertical axes indicate the current speed. Horizontal axes indicate days which have elapsed from 1
January 2003. V, RV, A, T, R, WJ and WI indicate observed upper layer residual current, reproduced current
by the regression formula, mean value, contribution of the tide, contribution of river inflow, contribution of
M2 major axis wind component, and contribution of Mz minor axis wind component, respectively.

Table 4.  Formulae which give the temporal variation of tide, river flow rate and wind in the model.

Item Description Formula Note
T Amplitude of semi diurnal A = Ag + A;sin(27(t — T2)/Th)
tide at the open boundary

R Chikugo river flow rate V = Ao + Ay exp((t — T2)?/2TZ) The river inflow at the
at Senoshita station mouth of each river is
determined according
to the drainage area ratio

WJ M major axis wind W=A+Asin(2r(t —T2)/T1) W=AUT<T
WI M minor axis wind W=A0+ A1sin2n(t —T3)/Ty) W=A{T< Ty
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Fig. 8. Response of the upper layer residual current at point T in C2-X (obtained by the numerical model).

Table 5. Parameters for case CX-Y. Units are T
inm, Rin m®s !, WJand Wlin ms™!, T; and

Ts in day.

Item C2
Ao Ay T Ty
T 0.800 0.350 14 0
R 44.0 17.3 1 4

WJ —1.10 3.58 6 25
WI —0.414 4.43 6 2.5
Item C6

Ay Ay Ty T
T 0.800 0.350 14 0
R 150 334 1 4

WJ 0.531 3.93 6 25
WI  0.0518 6.50 6 25
Item C10

Ao Ay Tr T
T 0.800 0.350 14 0
R 49.7 11.5 1 4
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Fig. 9. Response of the upper layer residual current at point K in C6-X (obtained by the numerical model).
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Fig. 10. Response of the upper layer residual current at point K in C6-X.
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Fig. 11. Spring-neap variation of the surface residual current and surface salinity filed in Case C2-T.
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Fig. 13. Variation of surface residual current and surface salinity field due to the change of river inflow in

case C6-R.
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Fig. 14. Anomaly of residual current field along section L2 (see Fig. 11) after 3 days of maximum inflow in

case C6-R.
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of wind variation.

T/INEFHIHD My BRAEFEA OG> T % (Fig. 1
WRTEVERAA T & K T My #istis o5 i
100 R2ERLZ2 D2, BER K O M, #iifsH & £uEL
LTh, REFMITE L EHAIEOBEG I 2L
TV3),

Table 71%, AZ& (T, K), I L (6 A, 10 A)
DINEERT 22D~ M) 7 2 4@ALGHERE I T
5, BRERUAFMOWNDIGE, TROb M) 7R
DA DEEIZ L BN BT 5 &, BT
72BUCRE AISEIIRERICRS, RIZERT M



FRAMERIZB T BERIE EOEEMIONT 219

Table 6. Parameters for case C’ X-Y. (inms™1).
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Residual Circulation and Its Variability
at the Head of Ariake Bay

Takaharu Hamada* and Yusaku Kyozuka'

Abstract

A long term, continuous current observation with bottom-mounted ADCP
was conducted to elucidate the residual current field over the head of Ariake
Bay. The residual current component was extracted from the observed data,
and a multiple linear regression analysis was applied to specify the cause of
variation of the upper layer residual current. In the analysis, tide, river inflow
and wind were taken as independent variables. The result was tested by a nu-
merical model. In addition, the fluctuation in the residual current over the head
of Ariake Bay was examined. It was shown that the My major and minor axes
components of the upper layer residual current off Tara town during winter were
mainly dominated by the influence of tide and wind, respectively. It was also
shown that the residual current off Konagai town was modified mainly by wind
during the stratified season and by tide during the unstratified season.

The model also resolves how variation in the residual current field over the
head of the bay is induced by variations in tide, river inflow and wind. In
the spring tidal phase, the horizontal circulation pattern corresponding to the
topography was predominant, while in the neap tidal phase the estuarine cir-
culation pattern was predominant. The influence of river flow on the residual
current field was shown only in the stratified season, while the influence of the
wind was dependent on the season. It was not only due to changes in the wind,
but also to the change in response characteristics. Thus, even if the fluctuation
of the wind was the same throughout the season, the fluctuation in the residual
current was not the same.

Key words: Ariake Bay, residual circulation, ADCP, multiple linear regression analysis,
MEC Ocean Model
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