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Physical Considerations on the Behavior of Akashio
—Influences of oceanic turbulent diffusion and
horizontal dispersion due to the drift current—

Hidekazu Yasuda*®

Processes of oceanic turbulent diffusion and matter dispersion have been analyzed using the
equation of the advective diffusion in order to understand some physical roles on outbreak and
extinction of the red tideCharmful algal bloom) in coastal waters. The analyses of the diffu-
sion model have suggested that the outbreak of the red tide could be restrained by the oceanic
turbulent diffusion and could be effectively promoted by convergence like a front. The analysis
of horizontal dispersion of drifting matter near the sea surface has suggested that the large dis-
persion coefficient could be expected even at the early initial stage and provoked the further
analysis of the horizontal dispersion due to the drift current at the initial stage to reveal the

extinction process of the red tide.
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Fig. 1. A plane view of horizontal diffusion with con-
vergent currents and its coordinates. The dif-
fusion can be observed in the field z > 0.
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Fig. 2. Concentration(plankton density) distribution
at each time on r-axis given by the Gaussian
diffusion model with self-increase by cell divi-
sion. The diffusion coefficient is 10* cm?®/s
and the cell division rate is once per two
days.
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Fig. 3. Variations with time of the concentration of
plankton at the center(r = 0). G0.0, G0.5 and
G1.0 respectively indicate the cases in the
Gaussian model where the cell division rates
are zero, once per two days and once a day.
The diffusion coefficient of each case is 10
cm®/s. Osl.0 indicates the case where the cell
division rate is once a day in the Ozmidov’s
model.
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Fig. 4. Variations with time of the concentration at £ =0 and y =0 in the waters with convergence.
on the figures indicate the convergent velocity.

cm?*/s.

Numerals

The diffusion coefficients &, and k, are both 10

(8) No cell division and (b) the case where the cell division rate is once per a couple of days(0.5

div./day).
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Fig. 5. (@) Horizontal coordinates and the wind with the wind stress .
(b) The image showing the Ekman boundary layer induced by the wind stress.
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Fig. 6. The z-y coordinates and the major axis of
the horizontal variance of diffusing matter.
The major and minor axes are respectively
shown as £ and 7 axes.
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Fig. 7. Vertical profiles of the zeroth-order moment
(M,(z, t)/Sy) in case of w(= wH/k,) =—20
at each time ; #/T,=1/12, 1/4, 1/ 2, 1
and 6 in order, in the basin with the depth
H'(= BH) =20. Numerals in the figure in-
dicate the time normalized by the inertia pe-
riod 7.
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Fig. 8. Vertical profiles of the zeroth-order moment
at the stationary stage in each case of w.

U

1.5

0.5

-0 (= -wHlk)

Fig. 9. Variations with @ of the stationary disper-
sion coefficient in the major direction in the
basin with each water depth.
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Fig.10. Variations with time of the dispersion coefficient in the major direction in the basin with the depth
H =20.
(a) @ = —4 where the dispersion coefficient takes maximum.
(b) @ = —10 where the diffusing matter is distributed at the upside more.

A curve in case of w =0 is drawn in each figure for comparison.
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