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A STUDY ON CONVERGENCE AND DIVERGENCE
IN SURFACE LAYER OF THE KUROSHIO —II

DIRECT MEASUREMENT OF CONVERGENCE AND DIVERGENCE
AT THE TOP AND BOTTOM OF SURFACE MIXED LAYER

Hideo KAWAI ** and Hisao SAKAMOTO

In a previous paper (KAWAI et al, 1969), an interpretation that horizontal convergence or
divergence at the top of surface mixed layer be mostly compensated by horizontal convergence
or divergence. at the bottom of the layer and that there be two systems of helical motion facing
each other, forming a convergence zone centered at a distance of a few nautical miles inshore
of the current maximum was given upon results of direct measurement of the convergence or divergence
at the surface with four current drogues. On use of three kinds of current drogues, direct measurements
of horizontal convergence and divergence at the top and bottom of surface mixed layer were made
aboard two research vessels, the Soyo Maru and the Shyn’yo Maru, and an airplane in the seas
off the Nichinan Coast, Kyushu and off Shikoku in August, 1968.

In Fig. 1 described are the three kinds of current drogue systems: the surface drogue system
with a radar target at the top of an iron pipe and a big corner drogue, working also as a ballast,
at the bottom at depths between two and three m, the subsurface drogue system only different
from the former in suspending the same corner drogue from the bottom of the pipe by a rope at
a depth of 30 m, near to the depth of the bottom of surface mixed layer and the colored air-photo
rafts with a wooden cross beneath the sea surface, At the beginning of the measurement, the four
surface drogues were launched at four apexes of a square with sides 1/4 or 1/8 nautical miles long.
Successively, the four subsurface drogues were launched in the vicinity of each of the surface drogues.
Before the arrival of the airplane on the survey spot, the four air-photo rafts were launched in the
vicinity of each of the surface or subsurface drogues. The surface and subsurface drogues were
recovered except for cases of dropping, but all of the air-photo rafts were expended.

Analyzing photographs of blips of the surface and subsurface drogues on the radar scope and
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color photographs of the air-photo rafts taken aboard the airplane at a height of 4500 feet, the area
$ of quadrilateral made by each kind of drogues was calculated on the basis of eq. (2) in the previous
paper. The horizontal divergence Q was calculated from time change in S on the basis of eq. (1)
on page 24.

Before, during and after the drogue measurement, BT lowering and GEK fix were made at the
locations shown in Fig. 2 to obtain current and temperature fields forming the background to the
convergence and divergence. Hydrographic conditions off the Nichinan Coast, Kyushu during August
1920, 1968 and off Shikoku during August 23—24 are shown in Figs. 3 and 4. According to
Table 1 showing location and velocity at the axis of the Kuroshio main and branch streams, the
position of the axis of the branch stream off the Nichinan Coast fluctuated very much, but that of
the main stream off Shikoku did not. Figs. 5 and 6 show temperature profiles and GEK currents
off the Nichinan Coast and off Shikoku and the location of current drogues at about the time of
launch and recovery.

The drogue measurements were made four times; measurements I and II off the Nichinan Coast
and measurements III and IV off Shikoku. Results of analysis of these measurements are shown in
Figs. 7—10. In measurement III in the vicinity of the axis of the Kuroshio main stream well-
defined and stable, the air-photo rafts showed a marked convergence, the surface drogues a convergence
weaker than the former, and the subsurface drogues a divergence or a faint convergence. Measure-
ment IV showed a tekndency similar to measurement III, but did not exhibit such a pronounced
contrast in convergence and divergence between different kinds of drogues as observed in measure-
ment III, This may be attributed to the difference in the launch position between measurements III
and IV, The launch position in measurement III corresponded to the zone of strong convergence,
observed in 1967, at the surface at a distance of a few nautical miles inshore of the current maximum,
while the launch position in measurement IV was located in the vicinity of the current maximum.
Trajectories of drogues in measurements III and IV (Y and Z in Fig. 2, Lower) showed a confluence
in the same manner as observed in the measurements in 1967. The confluence is, however, not
necessarily accompanied by the horizontal convergence. In measurements I and II, it was difficult
to determine what kind of characteristic band the trajectories of drogues corresponded to because
of indefiniteness and fluctuation of the axis of the Kuroshio branch stream.

Correlations between distributions of surface phytoplankton (Figs. 11 and 12) and horizontal
convergence and divergence are indefinite in general, but distribution of Cyanophyceae off Shikoku
(Fig. 12) may be explained as follows. The habitat optimum for Cyanophyceae may be surface
water of the warm core in the Kuroshio. The surface water has a weak component of velocity
toward the convergence zone centered at a few nautical miles inshore. of the current maximum, and
it sinks in the vicinity of the zone. Cyanophyceae does not sink and drifts downstream with
the maximum concentration on ‘the side of warm water of the zone,

The results of the drogue measurement in 1968 does not contradict with the interpretations
given upon the measurement in 1967, but some indefiniteness remained here needs further careful
measurements on the basis of a more elaborated plan.

With the difference in convergence and divergence between depths of surface mixed layer, the
fact that fish larvae, hatched out from eggs floating at the surface, sink into a subsurface depth
seems to result in an effective fertilization in the convergence zone at the sea surface and an avoidance

of starvation by keeping its density of population sparse at a subsurface depth,
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Table 1, Location and velocity at the axis of the Kuroshio main (M) and

branch (B) streams during the measurement,

GEK

; Date Time N. Lat, | E. Long. Dir, | Speed | Remark
Fix No .

Off Cape Toi Misaki, Kyushu

As Aug, 19 1424 | 30° 57.5 | 132" 06.6 105° 2.3 M
Az 1033 | 31° 07.3 | 131° 46.4 105° 14 B
A’z 2128 | 31° 06.2 | 131° 50.5 075 Lé B
A"l Aug. 20 2147 | 31" 10.2° | 131° 40.8 080° L& B

Off Cape Ashizuri M isaki, Shikokn

E2 Aug. 22 2129 | 32 34.0' | 133 10.4' o70° 2.3
E'3 Aug. 24 0217 | 32 282 | 133 1L§% 075° L7 }
E'2 0318 | 320 33.4 | 133 09,5 100° 1.7
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by eq. (1).
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