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1. Introduction

The present study is about particle dispersion in coastal sea. The study of oceanic diffusion is
not only one of physical oceanography, but also of ocean environment, such as oceanic pollution,
fishery, and so on.

Until 1970s, many dye release experiments were carried out in real sea, and parameter of material
spreading: diffusivity was estimated in bay or coastal sea at horizontal scale of a few hundred
meters. However, motions of water on the sea surface were described from a macroscopic point
of view by this method, and diffusivities were estimated from the deformation of the envelope of
whole particles. On the other side, drifter experiments were also carried out. By this method,
motions of individual particles can be observed. Yet, the past drifters could not satisfy the
following points; number of drifters, accuracy of drifter measurement, and so on.

In the present study, we deploy GPS tracked surface drifter, which provide detailed information of
the motions of water particles. The objectives of the present study are to estimate diffusivity in
bay or coastal sea and compare with the past results, and to descript spreading of drifters with
individual drifter motions.

2. Data and Method

GPS drifter experiments were carried out in Otsuchi Bay, Iwate pref. from 2003 to 2005. Depth
of the drogue was 1m or 5m, and horizontal scales(interval of each drifter) were different in each
experiment. In Otsuchi Bay, it is reported that fresh water from rivers flow out of the Bay at
surface layer, and waters from open ocean flow into the Bay at lower layer. So, in most
experiments, drifters tend to flow out of the Bay according to surface current. But drifting
patterns in each experiment were different under different conditions such as deployment position
in the Bay, tide and wind on the sea surface, which resulted in various spreading patterns of drifters.

In real ocean, especially in coastal sea, current is generally shear flow. The term *shear” means
the difference of velocities between neighboring positions, which causes divergence or convergence
and deformation of particles. In addition to shear effect, random motions by turbulence also
contribute to spreading of particles. Here, we tried to estimate turbulent diffusivity by subtracting
shear effect of mean flow from apparent diffusivity of spreading of drifters.

3. Results and Discussion
Turbulence is regarded as a group of eddies of several sizes. In the theory of relative dispersion,
the spreading of particles are affected by eddies of almost the same size as the spreading or smaller



ones. The larger the spreading of particles, the larger the size of eddies which contribute to it.

Figure shows apparent and turbulent diffusivity vs. diffusion scale with the results of Upper Gulf
of Thailand and Suruga Bay where the same GPS drifter experiments as the present study were
carried out. Here the results are mean values in each experimental time. In addition,
“Richardson’s 4/3 law”(solid lines), Okubo (1971) and Yanagi and Higuchi (1982) (a broken line in
each Figure) are also shown as comparison.

Fig.(a) shows that apparent diffusivity tends to be larger with diffusion scale, but scatters at the
same scale. And it does not seem to be good agreement with Okubo (1971). It is thought that
apparent spreading of drifters largely affected by convergence and divergence of the flow.

Next, Fig.(b) shows that turbulent diffusivity tends to be 1 order of magnitude smaller than
apparent diffusivity. It is suggested that, as long as horizontal scale under consideration, effect of
turbulent diffusion on apparent spreading of particles is very small.  And, in case of small number
of drifters, small scale and short experimental time, measurement errors tend to be relatively large,
which results in small value of diffusivity. If we consider measurement errors for such values, we
can recognize linear relationship for the present results as well as Yanagi and Higuchi (1982).

Despite experiments were carried out under different conditions, there seems to be clear scale
dependence of turbulent diffusivity. With the results of Upper Gulf of Thailand and Suruga Bay, it
is suggested that such relationship is universal nature of oceanic turbulence which is independent of
different flow structures in each coastal sea, and spectrum pattern of turbulent eddies seems to be
invariant as long as horizontal scale under consideration (within inertial subrange).
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Fig. Apparent diffusivity (a) and Turbulent diffusivity (b) vs. diffusion scale.



