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Seasonal variation of the sea level difference
between Kushimoto and Uragami tide-gauge stations

Toru NAKAMURA", Yoichi MAEKAWA", Keiko NakazaTO". Takashi KOIKE?,
Junichi TAkgucH!”, and Yutaka NaGgaTa”

Abstract : Sea level difference between Kushimoto and Uragami tide—gauge stations has been
used as an indicator of flow pattern in the sea south of Japan: the difference is small when the
Kuroshio has meandering path and is large when it has straight path. The difference exhibits
seasonal variation, and it becomes large in the summer season in the years when the Kuroshio
takes straight path throughout year as in 2003 and in 2009. We analyzed the sea level data of
Kushimoto and Uragami tide-gauge stations for 17years from 1994 through 2010. It is shown
that the Kuroshio takes straight path when the separation distance of the northern edge of the
Kuroshio is smaller than 15km from the tip of Cape Shionomisaki. The sea level difference data
were selected only for the time that the separation distance is smaller than 15km, and the aver-
age sea level for 17years are calculated. Significant seasonal variation can be seen in the aver-
aged sea level difference curve. However, the seasonal variation is not so clear in comparison
with cases in 2003 and 2009. The sea level changes at Kushimoto and Uragami tide-gauge sta-
tions were investigated for the years of 2003 and 2009. Both of the sea levels tend to rise in sum-
mer time, but the magnitude of the rise at Kushimoto is considerably larger than that at
Uragami. MAEKAWA et al. (2011) showed that the water off the Kushimoto tide-gauge station
is originated to the surface water of the current zone of the Kuroshio, when the Kuroshio takes
straight pass.. Thus, the main cause of seasonal variation of the sea level difference would be
sought for seasonal warming of the surface water of the Kuroshio area. The water would be
brought from upstream (southern) area of the Kuroshio, and would be heated much more
than surface water in Kumano—nada in summer season.

Keywords : Sea level difference between Kushimoto and Uragami, seasonal variation, intrusion
of the Kuroshio Water off the southwest coast of Kii Peninsula, water off Kumano
-nada
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Fig. 1 The distance (upper figure in km) between the northern edge of the Kuroshio and the tip of Cape
Shionomisaki, and the sea level difference (lower figure in cm) between Kushimoto and Uragami tide gauge
stations in 2003. The sea level differences are shown with solid circles when the separation distance is shorter
than 15km, and with open circles when the separation distance is longer than 15km.
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Fig. 2 Same as in Fig.1 except for in 2004.
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Fig. 3 The sea level difference between Kushimoto and Uragami when the separation distance of the
northern edge of the Kuroshio is less than 15km from the tip of Shionomisaki from 1994 to 2010.
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Fig.4 Same as in Fig. 3 except for the daily average for the 17 years. The thick curve indicates

11 days running mean.
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Fig. 5 Variation of the sea level difference averaged for each ten days: (upper figure) for
the case that the separation distance of the northern edge of the Kuroshio is less than
15km from the tip of Shionomisaki, (middle figure) for the case the separation distance
is from 15km through 30km, (lower figure) for the case the separation distance is larger
than 30.1km. The vertical lines attached to data points indicate error bars.
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Fig. 6 Variations of the sea level at Kushimoto (solid circle) and at Uragami (open circle) are shown
in upper figure in 2003. Sea level difference between two stations is shown in lower figure.
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Fig. 7 Same as in Fig 6 except for in 2009.
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