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(a) Bottom topography west of Hokkaido. Enclosed region with the broken lines is our study area.

(b) XCTD or XBT observation points from 2005 to 2008 in the study area. Fast-west observational lines
are named by A to O. Contour lines indicate isobaths of 200 m.
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Fig. 2. Horizontal distributions of temperature, salinity and density at the depth of 50 m (upper panels),
100 m (middle panels) and 200 m (lower panels) in 2005. Arrows in the temperature maps schematically
indicate the flow paths of OF1 (Offshore Flow 1), OF2 (Offshore Flow 2) and SEF (Shelf Edge Flow).
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Fig. 3. Horizontal distribution of the geopotential
anomaly referred to 300 m in 2005. Gray arrows
indicate two branches of OF1 and OF2.
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I&{{ (potential vorticity)= (f/p)(Ad;/Az)(T T T,
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the salinity minimum layer.
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Fig. 5. Horizontal distributions of the temperature at the depth of 50 m (upper panels), 100 m (middle
panels) and 200 m (lower panels) from 2006 to 2008. Arrows schematically indicate the three flow paths of

OF1, OF2 and SEF.
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HETEBEINZREHT— RkE LTHIERS, &
B Lo OmAL - HERERRIE Lic'— FANEL
AENBT DN S, 2005 FDE— Rkl CiRoORE
M, EROEEHE L, GRROEBME L BEfDORIC A
51, 2006 FEDE—FKIZ CHROMAELE- G-I
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Fig. 6. Scatter diagram of temperature vs. temperature gradient for all data obtained from 2005 to 2008.
Vertical broken line is temperature gradient of 0.015°C m™', and the temperature range denoted by solid
line between two arrows is 3-6°C in each diagram. The vertical gray thick line shows the temperature range

with mode waters in each year.
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2007 2008

Fig. 7. Vertical distributions of temperature along the cross sections of C, E, G, I, K and N lines from 2005
to 2008. Gray area show the waters with a low potential vorticity (temperature gradient less than 0.015°C
m~1). Two thick broken contour lines are 3°C and 6°C, respectively. Offshore shallower topography denoted
by white arrow is the Musashi Rise. Two gray circles at the depth of 100 m in the E-section, as one example,
show the locations of two branch paths, i.e., SEF and OF2, respectively.
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Fig. 8. Horizontal distributions of thickness for Mode Waters, defined by temperature gradient less than
0.015°C m~! and temperature range of 3-6°C, from 2005 to 2008. Their thickness is represented by a circle
size, and the station without Mode Waters is indicated by cross symbol.
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SST around the Musashi Rize (44-45° N, 140-141° E)
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Fig. 9. Time series of monthly mean SST at the grid point around the Musashi Rise (44-45°N, 140-141°E)
from December to May. Open circle, open triangle, closed circle and closed triangle indicate values in 2005,

2006, 2007 and 2008, respectively.
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Fig. 10. Horizontal distributions of monthly mean SST around the north Japan islands on March
from 2005 to 2008, which are referred to the SST maps made by the Japan Meteorological Agency

(http:/ /www.data.kishou.go.jp/kaiyou/shindan/).
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Fig. 11. The schematic illustration of the flow pat-
terns and the formation area of the Musashi Rise
Mode Water (MRMW) west of Hokkaido, in the
transitional season (May-June). The geographic
extent of MRMW seems to bifurcate the route of
TWC. Onshore side branch made up a small warm
eddy off Ishikari Bay (OF1), and then flowed along
the shelf edge area (SEF). Offshore side branch
made a clockwise circuit at the offshore end of
MRMW area (OF2).
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Mode Waters Observed around Musashi Rise West of Hokkaido
Naoyuki Higaki f, Yutaka Isoda ¥, and Satoshi Honda **

Abstract

The Tsushima Warm Current (TWC) along the west of Hokkaido gradually
dissipates from winter through spring because of vertical mixing of the surface
layers. In summer and autumn, it extends northward accompanied by a local
clockwise meandering off Ishikari Bay. In order to understand such seasonal
changes of TWC flow pattern, XCTD and XBT surveys were carried out in
May or June from 2005 to 2008. Cold (< 6°C) water mass was found below the
seasonal thermocline around Musashi Rise, which we call “Musashi Rise Mode
Water (MRMW)” in this study. Because of stronger winter cooling during 2006
and 2008, the thickness of MRMW was larger in those years than in 2005 and
2007. In May and June, when the path of TWC changes, the MRMW seems to
play a role in causing the bifurcation of the northward flow of TWC. The onshore
branch of TWC forms a small warm eddy off Ishikari Bay, and then flows along
the shelf edge west of Hokkaido. The offshore branch flows clockwise along the
offshore edge of MRMW.

Key words: Musashi Rise Mode Water (MRMW), Tsushima Warm Current (TWC),
west of Hokkaido, two branches, XCTD, XBT
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