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A STUDY ON CONVERGENCE AND DIVERGENCE
IN SURFACE LAYER OF THE KUROSHIO - I

DIRECT MEASUREMENT AND INTERPRETATION OF
CONVERGENCE AND DIVERGENCE AT THE SURFACE

Hideo Kawar, Hisao Sakxamotro and Masako MomoTta

The horizontal convergence or divergence of sea water is one of the important factors governing
the distribution of floating matters such as fish eggs, juveniles, drifting seaweeds, minute living
foods for fish and various contaminations. The measurements are, however, very difficult with such
current meters as GEK, owing to indefiniteness of position of the fix, limit of accuracy in the current
velocity and difference in time between adjacent fixes. On use of the current drogue with a radar
target and a big wooden cross as shown in Fig. 1, we succeeded in direct measurement of the
horizontal convergence or divergence in the Kuroshio south of Shikoku in August 1967 on board the
Shun’ yo Maru. At the bsgenning of the measurement, four drogues were released at four apexes of
a square with sides a quarter of a mile long (Fig.2). Analyzing photographs of blips of the drogues
taken every two hours from early morning to sunset, the area S of the quadrilateral ABCD were
calculated based on eq. (2). The horizontal divergence @ were calculated from the time change in S
based on eq. (1).

_ When wind force is below 2 in the Beaufort scale, noise of reflection from wind waves around
the ship is limited within a small area on the radarscope (Fig. 3a). When wind force exceeds 3 in
the scale, the wind wave noise on the scope expands to some extent (Fig. 3b). The shape of the
noise is not circular but oval as shown in Fig. 4. The best position of the ship to separate the blip
of drogues from the noise is at a lccation 1/2 to 1 mile leeward from the drogues. When wind
force exceeds 4 in the scale, the range of the noise becomes quite large, and this kind of measure-
ment encounters an insuperable obstzcle partly because of the increase iﬁ drifting speed of the
drogues by the wind.

The actual measurements were made three times, each of them starting on a traverse of the
Kuroshio SSE of Cape Ashizuri, Shikoku. The hydfographic conditions before and during the measure-
ments are shown in Figs. 5-9. The drogues were released at three points 5 miles offshore from the
current maximum on August 24th, 2 or 3 miles inshore from the maximum on 25th and 5 miles

inshore from the maximum on 26th (Fig. 10). The results are shown in Figs. 11-13. There is.
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strong horizontal convergence along the streamline 2 or 3 miles inshore from the current maximum.

On either side of the current maximum, 5 miles offshore or inshore, there is strong divergerce. The
order of the magnitude amounts to 107% sec™ (Fig. 13). If the horizontal divergercz or convergence
of this magnitude would be vertically uniform within the surfacz mixed layer, the layer would
change in thickness by an unreal rate as shown in Table 1 calculated based on eq. (3). Accordingly,
the assumption of uniform divergence or convergence should bz given away. The actual feature-
might be in such ways that the divergencs or convergercs in the upper layer of the surface mixed
layer bz mostly compensated by the convergencs or divergencs in the lower layer, and that there bz
two systems of helical motion fzcing each other, forming a convergent zone lccated a few miles

inshore from the current maximu=n (Fig. 14).
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Fig. 5 Hydrographic conditions of the Kuroshio before the measurement.
Surface currents less than 2 knots are omitted. Based on data from the Shusw’ yo Mavu,
August 2-7, 1967 and the Shumpu Maru, August 6-7.
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Lccations of the profiles are shown in Fig. 6.
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Table 1. Time change in thickness of the surface mixed layer with vertically

uniform horizontal divergence.

Thickness Horizontal Individual time change in the thickness

of the layer divergence of the surfacz mixed layer
H Q —DH/D ¢t
(m) (sec™1) (m/sec) (m/hour) (m/day)
1 1075 10-5 0. 036 0.86
10— 10-¢ 0.36 8.6
10 105 10-¢ 0.36 8.6
104 10-3 3.6 36
o5 1035 2.5x107¢ 0.9 21.5
10-¢ 2.5x 1073 9 215
) 103 5% 107¢ 1.8 43
0 104 5x 10 18 430

Fig. 14. A schematic estimation of helical motion in the surface
mixed layer of the Kuroshio.
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