=ERE KR 105 FRRI3EILA
Bull. Fish. Res. Div. Mie, 10, 1-50 (2001)

HAR RO BB OLT & B - MO
N A & OBYELITBY 9 2 W5

BEH  5h—

Study on the Relationship between the Variation of the Kuroshio Path to the
South of Japan and the Sea Level Difference between Kushimoto and Uragami

Kouichi Fuaira

The Kuroshio has two stable path patterns to the south of Japan: a straight path flowing east-
wards after passing the tip of the Kii Peninsula and a large-meandering path flowing around a large
cold water mass, formed to the southeast of the Kii Peninsula (the Large Meander of the Kuroshio).
It is well known that the sea level difference between Kushimoto and Uragami, located west and east
of the southern tip of the Kii Peninsula, is relatively large in the period of the straight path while
being small in the period of the large meander. However, a clear relationship between the sea level dif-
ference (Kushimoto-Uragami) and the selection of the Kuroshio path has not yet been ascertained. The
purpose of this study is to explain the sea level difference between Kushimoto and Uragami, and to
show the relationship between the sea level difference (Kushimoto-Uragami) and the selection of the
Kuroshio path.

In Section 1, this study reviews some other studies concerning the selection of the bimodal Kuroshio
path. In Section 2, the variation in the Kuroshio path is examined by use of the observational distance
of the Kuroshio path from the coast between 1975-1992, based on reports on Oceanic Conditions by the
Hydrographic Department of Maritime Safety Agency. In this period, the Large Meander of the
Kuroshio was generated 4 times: in 1975 (Meander a), 1981 (Meander b), 1986 (Meander c), 1989
(Meander d). It has been found that the formation of the Large Meander of the Kuroshio occurs in the
following way: small-scale meanders of the Kuroshio are generated near the tip of Cape Toi and propa-
gate eastward, and some of these small-scale meanders suddenly develop into the Large Meander just
after passing Cape Shionomisaki (the tip of the Kii peninsula). Using nine reference lines from off Cape
Toi, Ashizuri, Muroto, Shionomisaki, Daioh, Omaezaki, Irou, Nojima, and Inubou, the variations of the
distances along the Kuroshio axis were measured from the coast. Cross covariance functions among
these distances, however, did not indicate such eastward "travel" of any small-scale meander along the
southern coast of Japan. The position of the western margin does not change significantly but the
eastward propagation was found to occur only over the eastern margin of the meander. Just after the
eastern margin passes Cape Muroto, a small but strong small-scale eddy is cut off from the eastern
portion of the elongated meander. At first, the rapid development of the eddy takes place just off the
Kii Channel. It should be noted that no small-scale meander was detected just off Shikoku. The Large
Meander of the Kuroshio did not necessarily become stable in east of the Kii Peninsula to Izu Ridge
and 1t was suggested that the Large Meander of the Kuroshio became stable in east and west of Izu
Ridge, especially in Meander b - d. The tendency of offshore phenomenon in the Kuroshio axis has
been found to occur even at Cape Toi or Cape Muroto in the large meander pass of the Kuroshio. In
the Large Meander of the Kuroshio, this phenomenon is now considered to be more widespread than
previously thought.

In Section 3, on the basis of observational evidence, the dynamic background underlying the rela-
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tionship between the variation in the Kuroshio path and the sea level difference between Kushimoto
and Uragami is examined using the temperature and salinity data observed by Wakayama Prefectural
Fisheries Experimental Station and the Fisheries Research Institute of Mie. The sea level difference be
tween Kushimoto and Uragami is relatively large in periods of the non large meander path (nLMP) in
comparison with periods of the large meander path (LNP). Based on this clear relationship, the sea
level difference between Kushimoto and Uragami has been used as an index showing the periods of
nLMP and those of LMP of the Kuroshio south of Japan. It has been pointed out that warm and sa
line Kuroshio water, separated from the main path of the Kuroshio, has a tendency to approach the
western area between the Kii Peninsula and Cape Muroto in periods of nLMP, while it approaches the
eastern area from the Kii Peninsula to Omae zaki in periods of LMP. This study shows, among other
things, that the characteristics of the variation in the Kuroshio path along 9 reference lines can be
classified into four groups using the sea level difference between Kushimoto and Uragami. This is the
same result as the classification of the sea level of the southern coast of Japan. It also shows that de
viations in vertically integrated specific volume off Kushimoto and Uragami are almost equal to the
deviations in the observed sea level at Kushimoto and Uragami, respectively. It further shows that the
difference in vertically integrated specific volume between Kushimoto and Uragami almost equals the
difference in the observed sea level between Kushimoto and Uragami. As for the Kuroshio water, the
high temperature contribution is predominant for its specific volume rather than that of high salinity,
which yields thermal expansion in comparison with coastal water. Because the difference in vertically
integrated specific volume between Kushimoto and Uragami almost equals the difference in the ob
served sea level between these points, it is concluded that the relationship between the Kuroshio path
and sea level difference between Kushimoto and Uragami is caused by the different approaches of the
warm Kuroshio water in non large meander path periods and in large meander path periods.
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