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Abstract

The diffusion of river water flowing into the south basin of Kagoshima Bay was investigated using Landsat-5

/ TM 6-th band images. The numbers of images used were 8 for Kohtsuki R. and Honjyo R. and 9 for Nagata R. and

Okawa R. from 1984 to 1994. The main results are as follows: 1) The averaged diffusion area and diffusion

distance are almost proportional to the annual flow amount. 2) As the flow amounts of Kohtsuki R. and Nagata R.

are small, sea water flows up into the rivers at hightide. At lowtide, river water flows to the southern direction
along the coast. The diffusion distances are shorter than 0.8 km at hightide and about 1.6 km at lowtide. 3) The

flow distance of Okawa R., which has a relatively large flow amount, is about 2 km, but often runs up to 4 km. 4)

The tidal flow effect on the direction of the river water diffusion is large for the long distance and small for the

short distance. For the long distance, tidal flow direction within 1 hour affects the diffusion direction. 5) For

Honjyo R, the river water diffusion is complex and can not be explained by the tidal flow or wind direction.

Constant residual flow and,or the stratification of the sea water must be taken into account.
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Fig. 1 Locations of four rivers flowing into Kagoshima Bay.

Table 1 Characteristics of each river"’

River Annual mean flux (m®s™) Length (km) Valley area(km?)
Kohtsuki R. 3.18 66.6 107.9
Nagata R. 0.54 23.7 38.1
Okawa R. 7.58 54.9 1356.5
Honjyo R. 1.94 20.1 51.2
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Plate 1 Landsat-5/TM 6-th band images of Kohtsuki R. {a, b, ¢) and Nagata R. (d, e, f): a and d on
March 10, 1989 ; b and e on September 21, 1990 ; ¢ and f on December 10, 1990
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Plate 2 Landsat-5/TM 6-th band images of Honjyo R. (a, b, ¢) and Okawa R. (d, e, f): a and d on
October 22, 1984 ; b and e on September 21, 1990 ; ¢ and f on March 3, 1993
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Fig. 2 Examples of partially straight line, on which the
diffusion distance is estimated and a square area,
where the diffusion area is estimated.
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Fig. 3 CCT values on the partially straight line in Fig. 2.
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Fig. 4 Number of pixels for each CCT value in the square
area in Fig. 2.

Fig. 5 Examples of diffusion directions for r = 0.25 and
z = 0.75.
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Table 2 Characteristics of each image
Date CCT (sea) CCT (river) T.-T. (degree) Diffusion distance (km) Diffusion area (km?)
Kohtsuki R, 84/10/22 133 121 24 0.75 0.22
87/11/16 137 128 1.8 1.89 1.36
89/03/10 110 100 2.0 1.35 0.83
90/09/21 155 145 2.0 1.70 0.69
90/12/10 137 127 2.0 0.78 047
92/05/21 139 135 0.8 1.47 0.26
03/11/16 117 110 14 2.01 1.10
94/09/16 141 137 0.8 0.69 0.25
Nagata R. 84/10/22 132 128 0.8 2.22 0.81
87/11/16 137 133 0.8 0.50 0.89
88/12/20 119 111 1.6 2.04 0.75
89/03/10 110 103 14 1.35 1.33
90/09/21 155 149 1.2 1.38 0.74
90/12/10 135 133 0.4 0.09 0.18
92/05/21 139 136 0.6 0.24 0.15
93/11/16 117 115 04 0.72 0.46
94/09/16 140 138 04 0.30 0.23
Okawa R. 84/10/22 132 116 3.2 4.53 7.49
89/03/10 112 97 3.0 1.95 217
90/09/21 156 141 3.0 3.93 9.63
90/12/10 135 125 2.0 1.20 5.19
92/05/21 143 136 1.4 0.93 0.48
93/03/05 121 108 2.6 4.29 5.76
93/11/16 115 107 1.6 1.89 1.15
94/03/24 123 113 2.0 1.50 231
94/09/16 142 136 1.2 1.563 1.44
Honjyo R. 84/10/22 133 124 1.8 0.93 161
89/03/10 108 100 1.6 0.24 0.51
90/09/21 156 144 24 2.58 2.03
90/12/10 136 127 1.8 0.87 0.65
93/03/05 113 106 1.4 1.83 1.86
93/10/15 120 118 04 1.50 0.88
94/03/24 122 117 1.0 1.05 0.73
94/09/16 141 139 0.4 0.20 0.19
Table 2 (continued)
Date Tidal time Tidal level | Tidal velocity | Wind velocity aver-| Wind direction averaged | Diffusion direction | Diffusion direction
(cm (ms") aged for 5 hours(ms') | for 5 hours(degree) for r =0.75 (degree) |for r =0.25 (degree)
Kohtsuki R.| 84/10/22 | b5hr. after high 73.8 -0.30 1.40 117.0 98 140
87/11/16 high 100.2 0.08 2.20 -45.0 115 143
89/03/10 | 1.5hr. after. high 245.3 -0.02 2.00 18.0 140 175
90/09/21 | 2.5hr. after high 245.2 -0.52 1.96 1215 157 180
90/12/10 | 2.5hr. after. low 130.9 0.46 1.14 -40.5 85 44
92/05/21 | 5.5hr. after. low 223.3 0.10 1.92 -54.0 50 50
93/11/16 | 1.5hr. after. high 254.2 -0.45 1.60 135 140 170
94/09/16 | 5.5hr. after. high 82.2 -0.17 3.24 -67.5 170 170
Nagata R. | 84/10/22 | b5hr. after. high 73.8 -0.30 140 117.0 108 126
87/11/16 high 100.2 0.08 2.20 -45.0 92 115
88/12/20 | bhr. after. high 1133 -0.29 1.60 58.5 119 119
89/03/10 | 1.5hr. after. high 245.3 -0.02 2.00 18.0 122 172
90/09/21 | 2hr. after. high 245.2 -0.52 1.96 121.5 92 165
90/12/10 | 2.5hr. after low 130.9 0.46 1.14 -40.5 80 80
92/05/21 | b5.5hr. after low 223.3 0.10 1.92 © -54.0 81 81
93/11/16 | 1.5hr. after high 254.2 -0.45 1.60 136 120 120
94/09/16 | 5.5hr. after. high 82.2 -0.17 3.24 -67.5 116 116
Okawa R. 84/10/22 | b5hr. after high 73.8 -0.23 1.36 -68.1 162 169
89/03/10 | 1.5hr. after high 245.3 -0.24 1.00 -71.6 175 180
90/09/21 | 2hr. after high 130.9 -0.54 0.94 444 137 137
90/12/10 | 25hr. after low 223.3 0.36 0.87 -50.1 92 38
92/05/21 1hr. after low 223.3 -0.23 0.67 -45.2 94 133
93/03/05 | 4.5hr. after high 110.9 -0.09 0.563 -82.6 75 83
93/11/16 | 1.5hr. after high 254.2 -0.37 0.64 -13.2 140 157
94/03/24 | 5hr. after. high 98.8 -0.12 145 -50.7 73 48
94/09/16 | 5.5hr. after. high 82.2 0.03 1.07 -56.9 75 75
Honjyo R. | 84/10/22 | 5hr. after high 73.8 -0.08 0.81 -52.4 100 160
89/03/10 | 1.5hr. after high 2453 -0.05 1.00 -48.0 130 165
90/09/21 | 2hr. after high 245.2 -0.03 142 -120.2 82 27
90/12/10 | 2.5hr. after low 130.9 0.05 0.89 -87.1 100 155
93/03/05 | 4.5hr. after high 110.9 0.07 1.15 -72.1 90 100
93/10/15 | 3.5hr. after high 159.9 -0.07 1.35 -91.9 92 98
94/03/24 | 5hr. after high 98.8 0.05 3.03 -51.1 85 147
94/09/16 | 5.5hr. after. high 82.2 -0.05 2.01 -61.7 90 90
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Fig. 6 Averaged diffusion distances and diffusion areas for
each river versus annually averaged fluxes.
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Fig. 7 Correlation coefficients between diffusion distance;
diffusion area and the averaged tidal velocities.
Abscissa denotes the hours, during which the tidal
velocities are averaged. Correlation coefficients
larger than 0.34 (0.44) are significant for 0.05 (0.01)
level.
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Fig. 8 Correlation coefficients between diffusion distance
and the averaged tidal velocities for each river.
Abscissa denotes the hours, during which the tidal
velocities are averaged. In the case of Kohtsuki R.
and Honjyo R., correlation coefficients larger than
0.72 (0.83) are significant for 0.05 (0.01) level. In the
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(0.01) significant level.
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Fig. 9 Correlation coefficients between diffusion directions
for + = 0.25; r = 0.75 and the averaged tidal
directions. Abscissa denotes the hours, during which
the tidal directions are averaged. Correlation coeffi-
cients larger than 0.34 (0.44) are significant for 0.05
(0.01) level.
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Table 3 Annual mean volume flux, averaged diffusion distance, diffusion area and correlation coefficients.
The mark, *, denotes the correlation coefficient that is significant for 0.05 level.

River Number Annual mean Diffusion Diffusion

of data flux (m®s?") distance (km) area (km?®)
Kohtsuki R. 8 3.18 1.33 0.65
Nagata R. 9 0.54 0.98 0.17
Okawa R. 9 7.58 2.42 3.96
Honjyo R. 8 1.94 1.15 1.06

Correlation

cofficient 0.99* 0.92

Table 4 Correlation coefficients for diffusion distance. The marks, * and **, denote the correlation
coefficients that are significant for 0.05 and 0.01 levels, respectively.

Number Tidal Wind Tidal
River T, — T: velocity velocity level

of data 1 i
(ms™) (ms™) (cm)
Kohtsuki R, 8 -0.07 0.33 -0.07 0.28
Nagata R. 9 0.73* 061 -0.30 0.13
Okawa R. 9 077* 0.67* 0.08 -0.43
Honjyo R. 8 0.43 -0.15 -0.06 0.15
Total 34 0.67** 0.38* -0.33 0.15
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Table 5 Correlation coefficients for diffusion area. The marks, * and **, denote the correlation coeffcients
that are significant for 0.05 and 0.01 levels, respectively.

Number Tidal Wind Tidal
River T, — T, Velocity velocity ) level

of data . .
(ms™) (ms™) (cm)
Kohtsuki R. 8 0.18 0.09 -0.05 0.63
Nagata R. 9 0.75* 0.28 -0.06 -0.11
Okawa R. 9 0.75* 0.38 0.18 -0.54
Honjyo R. 8 0.62 -0.08 -0.32 0.31
Total 34 0.64** 0.14 -0.37 -0.13

Table 6 Correlation coeffcients for diffusion direction. The mark, *, denotes the correlation coefficients

that are significant for 0.05 level.

River Number Tidal direction ' Wind direction
of data =075 =025 r =0.25
Kohtsuki R. 8 0.60 0.80* 0.15
Nagata R 9 0.51 067 * 0.23
Okawa R. 9 0.36 0.57 017
Honjyo R. 8 0.13 -0.23 041
Total 34 0.36* 0.40* 0.07
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