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Abstract

Kagoshima Bay, which is located at the southernmost part of Kyushu Island, Japan, is composed of innermost and central basins.

These two basins are separated by Sakura-jima Island, which is an active volcano that had erupted heavily in 1914 in the Taisho era (so

called the Taisho eruption). Before this eruption, the innermost and central basins were connected with two channels, which are named

Sakura-jima Channel and Seto Strait. This eruption, however, filled in the Seto Strait with a large amount of lava flows, and mainly

formed the present geometry only with Sakura-jima Channel. During 100 years after the Taisho eruption, coastal developments due to

economic activities have also changed the coastal and bottom topography.

This study aims to reveal the tidal currents for the two geometries in the Meiji era before the Taisho eruption and the present period,

using a numerical model based on simple assumptions. Both the simulated current fields showed the similar oscillating pattern.

The tidal current before the Taisho eruption indicates that the phase of the oscillating flow in Seto Strait precedes that in Sakura-

jima-Channel. This means that Seto Strait may be responsible for the balance of the current velocity intensities in the two channels.

Moreover, it also influences the residual current pattern which is characterized by an anticlockwise rotation in the central basin.
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Fig.1. Bottom topography of the cross-section of Kagoshima Bay.

Plate 1. Aerial photograph around Sakura-jima Volcano
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Fig.2. A nautical chart published in 1899. (Source: Japan Coast Guard)
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Fig.3.

Maps of bottom topography; (a) original measured data, and (b) interpolated data in 500mx500m meshes. On the left figure, circle (R) denotes the

search region and ri denotes the distance from a grid point to each measured point.
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Fig.4. Horizontal grid spacing for the numerical model.

Table 1 Initial settings and boundary conditions

4X 4Y 500m  (Fig.4)
1¥layer Surface-20m

Horizontal grid size

Vertical levels 4z 2" |layer 20-40m

3" layer 40m-Bottom
Horizontal eddy viscosity coefficient NN, 10m%s
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Integration period t 20 days (480 tides)
Time interval ot 60 sec.
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Fig.5. Maps for digital topography (100mx100m meshes) based on nautical charts; (a) the Meiji era (1899), (b) the present period (2000), and (c) the

difference between them.
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jima; (a) the Meiji era (1899), and (b) the present period
(2000). The aspect ratio (horizontal vs. vertical) is set to be
1:30.
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Fig.7. Cross sections of (a) Sakura-jima Channel, and (b) Seto Strait.
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Fig.13. Simulated current vectors around Mt.Sakura-jima; (a) the Meiji era (1899), and (b) the present period (2000). Change in the current vector
at Seto Strait indicated by a thick arrow shows a different phase referred to as Sakura-jima Channel.
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Fig.17. Simulated tidal residual currents of the sea surface layer; (a) the Meiji era (1899), and (b) the present period (2000).
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Fig.18. Zoom ups of simulated residual currents on the sea surface
layer; (a)the Meiji era (1899), and (b)the present period
(2000).
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Fig.19. Behavior of Lagrange particles on the sea surface layer in twenty days;(a) the Meiji era (1899), and (b) the present period (2000).



MIBFIE S - IR CBMEOBERBBOWR I 2 —2a >

29

17)

18)

19)

AHST, HARM— (2003) : I Oy LB DK
B Ial—al FOPRRMHEEER (BT :
http://donko.civil.tohoku.ac.jp/estuary  Workshop HP/
2003jap.htm)

Uchiyama, Y. (2004) : Modeling wetting and drying
scheme based on an extended logarithmic law for a three-
dimensional sigma-coordinate coastal ocean model) ,
Rep. Port and Airport Res. Inst., Vol. 43 (4) : 3-21.
I.D. James (1991) : A Primitive Equation Model
Simulation of Eddies in the Norwegian Coastal
Current,Journal of Physical Oceanography,Vol.21 (6)
:893-902.






