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Fig. 1. Schematic flow patterns of the Tsushima
indicate the First Branch of the TWC. Nearshore
the Third Branch of the TWC, respectively.
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Fig. 2. Location of tide stations used in this study. Closed circles with the numerals of 1~26 indicate the
stations along the Japanese coast. Open circles with the alphabet of A~G indicate the stations of offshore

island.
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Fig. 3. Time series of coastal sea level variations at the offshore seven islands (thin lines) and their neighboring
Japanese coast (thick lines), but the stations of TAP (7) and MAT (6) locate both sides across the Tsugaru

Strait.

The left and right panels show the monthly mean variations from 1998 to 2003 and their mean

annual variations. Gray areas or gray lateral bars indicate the periods with positive anomaly when sea level
at Japanese coast (TAP (7): southern side of the strait) minus that of offshore islands (MAT (6): northern

side of the strait).
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Fig. 4. Time series of sea level difference between the offshore seven islands and their neighboring Japanese
coast, and that of TAP-MAT (7~6) across the Tsugaru Strait. The left and right panels show the monthly
mean variations from 1998 to 2003 and their mean annual variations. Closed circles, open circles and open

triangles are marked at the month with maximum peaks during the following three periods; July~August,

November ~December and March~ April, respectively.
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Fig. 5. Four first leading modes of the EOF analysis using sea level difference data in Fig. 4. Left, central and
right panels show the time coefficients (eigenvalues) from 1998 to 2003, their mean annual variations and
the spatial structures (eigenvectors) at each mode, respectively. In the central panel, typical three periods
of intensified northward-current, which are inferred from Fig. 4, are plotted by closed circles, open circles

and open triangles, respectively.
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Fig. 6. Mean annual variations of sea level difference, which are calculated from the combining EOF mode
1 with mode 2 (left), from mode 1 to mode 3 (center), and from mode 1 to mode 4 (right). Closed circles,
open circles and open triangles are the same as Fig. 5.
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Fig. 7. Time (month) and spatial (station point) variations of (a) costal sea level and (b) the normalized
sea level difference along the Japanese coast. In both figures, left and right panels show the monthly mean
variations from 1998 to 2003 and their mean annual variations. In the right panel of Fig. 7b, closed circles,
open circles and open triangles are the same as Fig. 5.
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Seasonal Variation in the Nearshore Branch of the Tsushima
Warm Current as Inferred from Coastal Sea Level Data

Kohei Ishikawa®, Yutaka Isodaf, and Tomokazu Aikit

Abstract

Seasonal variations of the Nearshore Branch (NB) of the Tsushima Warm
Current (TWC) were investigated using the monthly mean coastal sea level
records of 26 tide-stations along the Japanese coast and 7 tide-stations of off-
shore islands during recent 6 years (1998~2003). To infer the seasonal vari-
ability of surface flow along the path of the NB, we examined the sea level
difference between the offshore islands and their neighboring Japanese coast,
and the coastal sea level gradient on the downstream of the NB. It is inferred
that the seasonal variation of the NB is characterized by the biannual intensifi-
cations of northward flow, i.e., both during summer (April~August) and during
winter (November~December). In the mean annual state during 6 years, the
summer-time intensification is dominant around the southern region from the
inflow-mouth (Tsushima Strait) to around the Sado-Island, while the winter-
time intensification is dominant mainly around the inflow-mouth and north of
the Sado-Island also including the outflow-mouth (Tsugaru Strait). However,
it is suggested that these winter-time intensifications in both regions are inde-
pendent phenomena of each other. However, strength and predominant area of
individual intensifications varied interannually.

Key words: Japan Sea, Nearshore Branch(NB), sea level difference, seasonal variation

(Corresponding author’s e-mail address: ishikawa@ees.hokudai.ac.jp)
(Received 30 December 2005; accepted 5 February 2007)
(Copyright by the Oceanographic Society of Japan, 2007)

t Graduate School of Environmental Science, Hokkaido University, N1I0W5, Kita-ku, Sapporo 060-0810, Japan
t Graduate School of Fisheries Science, Hokkaido University, 3-1-1 Minato-cho, Hakodate 041-8611, Japan



