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Physical environment of the northern part in Ariake Sea
— Variations of tidal currents, turbidity and dissolved oxygen caused
by heavy rain and the secondary oscillation of the sea —

H. Yasuda, N. Matsunaga, T. Tokunaga, J. Abe, S. Takashima
S. Kohno, T. Uto, G. Onitsuka, M. Izawa and S. Kawano

Field experiments were carried out using a mooring system to elucidate the physical process concerning
the environmental variation in the northern area of Ariake Sea. The duration of the experiment was about
19 days from the 12th to the 31st of July, 2003 when we had both spring and neap tides and heavy rain in-
ducing severe flood in some cities around the sea. We have got the following data from this mooring sys-
tem; vertical profiles of both of tidal currents and turbidity, dissolved oxygen at the level of two meters
from the basin floor and tidal level at the station.

It has been revealed from this experiment that the residual current, playing an important role in matter
distribution in tidal basins, was rather changeable with the behavior of fresh water discharge. The varia-
tion of the residual current has been recognized to be related to the concentration of dissolved oxygen in
the lower layer. Harmonic analysis of tidal level, currents, dissolved oxygen and turbidity has suggested
some interesting phenomena, especially the existence of a secondary oscillation in Ariake Sea. The result
of harmonic analysis using Fourier expansion can show that the period of the secondary oscillation is
about 8.37 hours. This oscillation period has a concern in the largest tidal difference of this sea in Japan.
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Fig. 1. Topogl aphy of Ariake Sound and positions of the
mooring system and Saga weather station.
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Fig. 2. Variations with time of tidal level [m], DO[%] (B-++ 2 m) and turbidity [ppm] (B+05m,
B+ 2 m) in the duration of this experiment. The mark @indicates daily averaged dis-

charge of Chikugo river [m®/s].
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Table 1. Harmonic analytical results of fortnight tidal currents at each level.

Residug MSf Ot Ki M2 S2 8.372 hr M4 M6 M8
Major | Minor | Major | Minor | Major| Minor | Major | Minor Major | Minor | Major | Minor | Major | Minor| Major[Minor, Major | Minor
Speed 1.2| 55] 08 29 04f 16 0.5| 434 8.1 14] 0.1 2.8 0] 28] 11 1.1 0.2 0.7 Ofcm/s
S-2m Ori. 34| 947| 4.7)350.2) 80.2| 54.1| 144.1] 337.3] 67.3] 1704 260.4] 1242 342 169.4| 259.4) 167.1] 257] 358.8] 268.9|degree
Pha. Lag 127.1 22.1 76.7 108.3 7.8 97.9 34.2 9.3 254 degree

Speed 58] 75 02{ 31 0.1 5.6 29| 326 1.7 125 0] 16 1.2 1.8 05| 07 03 0.5 0

S-4m Ori. 0.1] 40.3| 130.3] 357.8| 267.8] 4.9] 94.9] 3423] 723| 160.4| 2504] 335.7 65.7] 172.8| 82,8/ 112.5] 203| 356.7] 86.7
Pha. Lag 6.2 97.5 147.7 108.8 20.7 30.9 245 152.1 80

C/T tower| Speed 350 21 14| 36| 0.1 44 0.9{ 2486 5.6 85 086 2l 041 1.5 06/ 07| 01 0.4 0.1

B+2m Ori. 60.8] 46.8) 136.8| 356.5| 266.5] 345.7] 75.7| 349.1| 259.1| 329.8] 59.8] 214.9] 3049 336.4] 246.4| 328 58| 299.8] 298
Pha. Lag 68.5 88.5 1334 70.6 1711 76.5 1185 156.1 101.9

C/T tower| Speed 4.1 18] 0.8 34| 03 4 1] 236 5.3 8.1 09| 19 0 1.5) 03| 04] 0.1 0.3 0

B+1.5m Ori. 47.3] 23.6| 113.6| 352.6] 82.6| 343.8] 73.9] 3459| 2550} 329.1] 59.1] 212.9] 12209] 323 233| 300.2| 30.2| 288.8] 188
) Pha. Lag 52.1 83.8 131.5 67.3 168.8 724 117.9 140 88.1

C/T tower] Speed 3.5 15 09 3] 051 37 0.7 22 5.1 171 07 1.6] 0.1 14| 0.1 0.6] 03 0.4 0

B+im Ori. 47} 44.8] 134.8] 348.8| 78.8] 341.7] 71.7| 343.1] 253.1] 320.3] 59.3[ 214.2| 1242] 316.3 226.3| 280.8] 10.8] 291.7] 21.7
Pha. Lag 66.5 80.2 1304 65.1 168.4 72.3 115.3 129 86.5

C/T tower] Speed 35 12! 07 26/ 06] 3.1 0.6 184 4.1 6.6/ 06 1.4] 01 1.2 041 0.5 04| 03 0

B+0.5m Ori. 47.3|_40.5) 130.5] 348.9| 78.9| 343.3| 73.3] 343.3] 253.3| 331.8] 61.9] 2176| 1276 317.3] 47.3] 240{ 330| 290.1] 200.1
i Pha. Lag 63.6 81 1291 63 165.9 72.8 116.9 88.3 73.5

Aquadopp| Speed 9.6/ 35 1.1 43] 02} 6.2 01] 267 09] 119 1.3 12| 07] 25 0f 15/ 06 0.6 0

B+8m Ori. 79.3| 240 150 8.8| 98.8) 348.7] 78.7| 340.5| 250.5| 145 235| 260.8] 170.8] 39.7]129.7] 67.8] 338] 2959 25.9
Pha. Lag 114.1 107.4 146.9 93.1 13.7 37.6 123.4 150.7 2.3

Aquadopp| Speed 5.1 2.3 0.7 48[ 0.1 6.2 02| 278 25 114 1.7 1.8/ 0.1 3] 03[ 13 04 04 0.1

B+6m Ori. 48.6] 174.7) 84.7| 3584 88.4| 356.1] 86.1] 345.9] 255.9] 144.1] 234.1| 205| 115/ 205| 2905 204.3| 114{ 162.2| 72.2
Pha. Lag 114.3 110.2 152.6 85.2 8.1 78.1 115.6 5.8 87.9

Aquadopp| Speed 3.8 1.8 0.6 47{ 03] 53 0.5 261 4 10| 09 18] 0.1 27| 06 098] 02 0.3 0.1

B+dm Ori. 47] 131} 221] 3551 265] 349 79| 347.1| 257.1| 326.3| 56.3| 210.7] 120.7] 12.2] 282.2| 346.6] 257| 352.4] 824
Pha. Lag 121.8 99.3 159.5 78.2 178.8 93.1 99.2 1705 145

Aquadopp| Speed 4 16 0.7 32| 0.1 4 09] 222 49 7171 07 1.7 0 14| 05/ 0.8] 02 0.3 0.2

B+2m Ori. 50.2 24) 114[ 353.9] 83.9| 3428| 72.8] 345.2] 255.2| 329.1] 59.1] 215.9] 125.1] 318.2]| 228.2] 311.8 41.8] 339.71 69.7
Pha. Lag 48.2 82.6 133.9 68.2 1701 78.9 118.1 142.6 153
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Table 2. Harmonic analytical results of tidal level, turbidity at each level and the weight of suspended par-
ticles which are given by Aquadopp. Those of turbidity given by C/T tower and DO are added in
the lower lines. The upper and lower numerals in each cell are the amplitude and phase lag, re-

spectively.
Residue MSf o1 K1 M2 S2 8.372 hr M4 M6 M8
1 14 15 29 30 43 58 87 118
Tide 1373.5 2.2 26.2 36.5 140.0 56.5 2.8 0.9 0.9 0.1 cm
199.4 160.1 192.1 181.0 273.9 13.6 301.8 241.6 252.3 degree
B+8.0m 6.4 1.1 0.3 0.7 0.4 0.5 0.1 0.4 0.1 0.1 ppm
86.3 65.5 1341 117.4 214.3 302.1 305.8 39.6 138.0
B+6.0m 6.0 1.7 0.2 0.6 1.0 0.9 0.1 0.3 0.1 0.0
80.0 48.9 129.4 120.8 191.9 213.8 281.1 3401 62.2
B+4.0m 7.5 3.1 0.4 0.5 1.7 1.1 0.7 0.9 0.1 0.3
80.9 302.9 50.8 107.6 181.9 209.3 191.8 286.3 307.3
B+2.0m 12.9 5.0 1.4 2.0 1.3 0.9 1.6 2.5 0.4 0.5
85.8 288.6 357.8 80.4 183.2 194.5 1721 223.6 256.3
B+1.6m 14.2 5.0 1.5 2.3 1.0 0.9 1.6 2.8 0.4 0.4
86.1 290.7 357.0 68.0 183.6 188.6 168.6 226.6 250.9
B+1.2m 15.7 5.4 1.8 2.6 0.9 1.0 1.7 3.2 0.4 0.5
87.1 292.8 357.4 52.8 179.5 182.1 164.8 219.2 250.3
B+0.8m 17.8 6.3 2.0 341 1.0 1.1 1.9 3.8 0.5 0.5
89.2 296.5 358.7 42.6 171.2 178.3 161.3 207.2 253.0
B+0.4m 20.1 7.0 2.1 2.9 1.1 1.0 2.0 41 0.5 0.5
90.0 299.2 2.1 1.0 1714 180.9 156.0 195.0 250.3
SS 1.1 2.6 0.5 0.6 0.9 0.7 0.6 1.0 0.1 0.2 :6\03”
-weight 84.7 301.5 21.9 98.7 186.4 195.0 176.0 235.8 268.9
B+2.0m 14.6 4.9 1.8 2.6 1.7 1.4 2.1 2.8 0.3 0.5 ppm
82.4 285.4 17.8 52.6 170.1 188.8 169.0 220.5 260.8
B+1.5m 15.2 4.7 1.8 28 1.7 1.4 2.0 2.9 0.4 0.4
82.6 284.4 16.1 35.7 165.8 184.0 161.5 229.6 238.0
B+1.0m 18.0 5.1 2.0 3.3 1.9 1.5 21 3.2 0.3 0.4
82.3 289.1 16.0 19.4 163.0 180.7 154.6 223.1 227.2
B+0.5m 20.5 5.3 2.1 3.7 1.9 1.6 2.3 3.5 0.3 0.4
83.4 295.1 19.4 10.2 159.1 1743 1471 166.2 232.2
DO at 3.233 0.070 0.022 0.073 0.090 0.056 0.018 0.047 0.017 0.005 mg/l
B+2.0m 164.4 240.9 228.2 152.6 321.6 312.6 180.4 178.9 3156.2
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Fig. 8. Vertical profiles of the east-west (thin bar) and the north-south (thick bar)
components of diurnal averaged residual currents on July 17. The marks
indicate the ellipticity (the ratio of the minor to the major components) of M
2 constituent. The left shows those obtained from Aquadopp and the right
those from an electro-magnetic current meter and C/T tower.
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