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Model Prediction on ecological effects of density current
generator in semi-enclosed bay and open sea

Kentaro Mizumukail, Toru Sato*z, Sigeru Tabeta?

*2 Department of Environment Systems, University of Tokyo,
5-1-5 Kashiwa-no-ha, Kashiwa 277-8536, Japan

An apparatus, which mixes waters of surface and bottom in density stratification and discharges
the mixture at the middle depth, has made a remarkable success in enhancing water quality for
ecosystems in a small semi-enclosed bay. In this study, we conducted numerical simulations by using
a three-dimensional tidal current model and an ecosystem model to predict the effects of the
apparatus in two different seas; a semi-enclosed bay and the area around a solitary island in the open
sea. Isahaya Bay in Ariake Sea was chosen as the former case to see how effectively the apparatus
can reduce oxygen-deficient water, and the sea around Okinotori-shima Island represented the latter,
where we are interested in the effect of the apparatus on fertilisation; how much primary production
can be increased. As a result, it is suggested that, the apparatus reduces up to 40% of oxygen-deficient
water at the bottom of Isahaya Bay, although it is not very effective in fertilising the area around the
solitary island.

Key Words : Ocean model; Ecosystem model; Semi-enclosed bay; Solitary island; Water-quality

enhancer; Density current.
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Fig. 1 Nesting-grid systems used in Ariake Sea calculation.
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Fig.2 Measured and calculated tidal ellipses for M2 (left) and
S2 (right) constituents at St. 1 (top) and 12 (bottom). The units

of the horizontal and the vertical axes are knot.
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Fig. 4 Time change of calculated volume of ODW.
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Fig. 5 Time change of calculated wave height at St. 1.
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Fig. 6 Time changes of the differences in the volume of
ODW between the calculations with and without DCG.
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Fig. 7 Installation locations of DCG in Isahaya Bay.
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Fig. 8 Horizontal distribution of the differences in DO at the
bottom between the calculations with and without DCG.
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Fig. 9 Vertical distributions of the calculated DO (a), diatom
(b), dinoflagellat (c), PO,-P (d) and NH4-N (e), and temperature
(P (left) and their differences from those without DCG (right).
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Fig. 10 Variable-sized grid system and bathymetric

feature around Okinotori-shima Island.
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Fig. 11 Time change of calculated tidal amplitude in the

vicinity of the Okinotori-shima reef.
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Fig. 12 Horizontal distribution of calculated tidal residual
current in the surface (left) and the middle (right) layers.
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Fig. 13 Contour maps of the vertical velocity component of

calculated residual current and its enlargement near the top.
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Fig. 14 Enlarged map of residual current and locations

of DCG installation.
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Fig. 15 Horizontal distributions of calculated dye
concentration near the Okinotori-shima reef at the depth
of the DCG outlet in Cases 1 (a), 2 (b), and 3 (c).
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Fig. 16 Horizontal distributions of calculated PHY near
the Okinotori-shima reef at the depth of the DCG outlet in
Cases 1 (a), 2 (b), and 3 (c).
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