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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, fi lled in the Seto Strait with a large amount of lava fl ows, 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 fi elds showed the similar oscillating pattern. 

The tidal current before the Taisho eruption indicates that the phase of the oscillating fl ow 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 infl uences 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 500m×500m meshes. On the left fi gure, 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
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Fig.5. Maps for digital topography (100m×100m meshes) based on nautical charts; (a) the Meiji era (1899), (b) the present period (2000), and (c) the 

difference between them.

Fig.6. The bird view maps of bottom topography around Sakura-

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.8.  Change in coastlines between the Meiji era (1899) and the present period (2000); (a) reclaimed area, and (b) change in offshore distance.
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Fig.9.  M2 tidal current ellipses from ‘St.1’ to ‘St.3’. Solid line denotes predicted ellipses and dashed lines denote observed ellipses.
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Fig.10. M2 tide amplitude and difference of mean water level relative to Yamagawa at the mouth of the bay.

Fig.11. M2 tide amplitude ratio (thick line) and mean sea surface height (thin line) relative to the open boundary which is located at the mouth of the bay.
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Fig.12. Simulated tidal current vectors; (a) the Meiji era (1899), and (b) present period (2000). A small fi gure embedded in the lower-left corner of 

each fi gure shows the phase of the tide level on the boundary at the mouth of the bay.
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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.

Table 2 Volume transform.
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Fig.14. Comparison of M2 tidal ellipses in 1899 and 2000.
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Fig.15. Time series of tide level and the difference of sea surface heights between St.A and St.B; (a) the Meiji era (1899), and (b) the present 

period (2000). St.A is located in the central basin and St.B in the innermost basin.

.
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Fig.16. Time series of the current velocity and the volume transport through Sakura-jima Channel and Seto Strait; (a) current velocity of the Meiji 

era (1899), (b) current velocity of the present period (2000), and (c) volume transport.
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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).
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