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The short-period cold water mass accompanied by
large meander of the Kuroshio south of Japan®

Haruo ISHII** and Yoshihiko SEKINE***

Abstraet: A cold water mass accompanied by the large meander of the Kuroshio with short
lifetime less than one year was observed to the south of Japan. The difference in hydrography
between the short-period meander observed in 1969-1970 and long-period meanders observed
in 1975-1980 and 1981-1984 is considered. It is shown that there are no apparent differences
in the current path pattern of the Kuroshio during the formation process of the large meander
between the short-period meander and the long-period meanders. The time variation in
temperature at depths of 1,000 m and 1,500 m near the center of the cold water mass with
the short-period meander has a tendency to increase in the western side of the Izu Ridge.
In the final period of the short-period meander, the center of the cold water mass shifts to
the eastern side of the Izu Ridge. Observed current path does not show amplification in the
eastern side of the Izu Ridge, which is neither observed in the final period of the long-period
meanders. The temperature variation of the cold water mass accompanied with long-period
meander is found to repeat its increase and decrease in the western side of the Izu Ridge.
However, the decrease in the temperature is not detected in the cold water mass accompanied
by the short-period meander. It is suggested that the lifetime of the large meander of the
Kuroshio and of the cold water mass is related to the occurrence of temperature decrease of
the cold water mass in the western side of the Izu Ridge south of Japan.

1. Introduction large meander of the Kuroshio formed in 1975.
It is well known that a large-scale meander They showed that the temperature at a depth
of the Kuroshio appears south of Japan and shallower than 1,000m near the center of the
stays for a long period (e.g., SHoj, 1972; cold water mass takes several repetition of cool-
NisHIDA, 1982). This phenomenon, which is ing and warming, in which the cooling has a
called large meander, is peculiar to the Kuroshio tendency to occur in late spring to summer and
and a similar one has not been observed in the warming in the other seasons. During the
other western boundary currents. Since 1950, cooling periods, the expansion of the low
the large meander of the Kuroshio has been temperature area, which is estimated from a
observed six times (see Table 1). We should horizontal temperature distribution at a depth
notice here that the two cases of the large of 200m, is commonly observed, while the
meander, which were formed in 1851 and in  shrinking of the low temperature area is observed
1969, ended with a short lifetime less than one in warming periods. It is also suggested by
year, whereas the other cases continued more SEKINE et al. (1985) that the cold water mass
than two years. The difference in lifetime length of the Kuroshio decays in comparatively short
between both the cases is considered in the time, three years at most, if the cooling period
present paper. of temperature does not exist. The occurrence
SEKINE et al. (1985) analyzed the time variation of the cooling of the cold water mass is supposed
of the cold water mass accompanied with the to be related to the longer lifetime of the cold
* Received March 10, 1986 water mass and the large meander of the Kuro-
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very little hydrographic data of the short-period
meander formed in 1950 is available, the main
analysis of the short-period meander is made for
that formed in 1969. In what follows, the
difference in current path during the” formation
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Fig. 1. Change in the path of the Kuroshio
during the transition periods from no meander
path (a) after YOSHIDA (1961), (b} after SHOJI
(1972), (c) after Kosuact (1978) and (d) based
on data of the Hydrographic Department.
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period of large meander between the short-period
meander and the long-period meanders is examin-
ed in the next section. In the section three, the
time variation in the temperature of the cold
water mass of short-period meander is examined
and the result is compared with those of long-peri-
od meanders formed in 1975 and in 198l. Sum-
mary and discussion are made in section four.

2. Time variation in current path during the
formation period of the short-period large
meander of the Kuroshio
Figure 1 displays the four cases of the time

variation of the Kuroshio path during the for-

mation process of the large meander path from
no meander path. The case of Fig. 1(b) cbserved
in 1969 is a short-period meander and the other
three cases observed in 1959, 1975 and 1981 are
long-period meanders (see Table 1). It is found
that the variation in current path of the Kuro-
shio during the transition process is almost
common to all the cases; a small meander is
generated to the southeast of Kyushu, and it
moves eastward. Relatively sudden amplification
of the small meander occurs near 137-138°E,
which is a final process of the formation of the
large meander path of the Kuroshio. It is found
from Fig. 1 that there are no apparent differences
in the current path pattern in the formation
process and in the accomplished large meander
path between the short-period meander and the
long-period meanders. Although the detailed
comparison is difficult due to the lack of the
observational data, it is inferred that the life-
time of a cold water mass depends on the
process after the accomplishment of the for-

Table 1. Lifetime of the cold water mass of
the Kuroshio.

Case Periods of presence of Lifetime
no. the cold water mass (in years)
I Aug. 1951-Apr. 1952¢ 0.8
I Sept. 1953-Dec. 1955% 2.3
i July 1959-Dec. 1962%% 3.5
v May 1969-May 1970° 1.0
Y Aug. 1975-Aug. 1980° 5.0
Nl Nov. 1981-Aug. 1984? 2.9

o After OKADA and NISHIMOTO (1978).
b Based on data from Hydrographic Department of
the Maritime Safety Agency of Japan.
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mation of the Kuroshio large meander south of
Japan.

3. Time variation in temperature of the cold
water mass accompanied by short-period
meander
The temperature variation in the deep layer

near the center of the cold water mass formed

in 1969 is shown in Fig. 2. The temperature
is estimated as the average of the lowest three
temperature data near the center of the cold
water mass (for the locations of the lowest three

It is shown that

the temperature has a tendency to increase

during the total lifetime.
temperature variation shown in Fig. 2 almost

temperature data, see Fig. 3).

The tendency of
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Fig. 2. Time variation of temperature at depths
of 1,600 m and 1,500 m in the cold water mass
of the Kuroshio. The temperature is defined
as the average of the lowest three data near
the center of the cold water mass of which
locations are shown by larger symbols of station
points in Fig. 3. Data sources are Maritime
Safety Agency and Japan Meteorological Agency.
The black band at the bottom shows the period
when the center of the cold water mass exists
in the eastern side of the Izu Ridge.

coincides with those of the Gulf Stream cyclonic
rings; the warming of the cold dome is found
throughout the lifetime (e.g., CHENEY and RICH-
ARDSON, 1976).

Horizontal distribution of the temperature
displayed in Fig. 3 shows that the horizontal
scale of the cold water mass diminishes by the
lapse of time and the center of the cold water
mass shifts to the eastern side of the Izu Ridge.
The cold water mass attenuates rapidly in the
eastern side of the Izu Ridge and the large
meander of the Kuroshio disappears in a short
time. The phenomenon that the center of the
cold water mass and large meander of the
Kuroshio shift to the eastern side of the Izu
Ridge in its last stage is common to all the
large meanders (e.g. NISHIDA, 1982). Small
temperature decrease at a depth of 1,000 m is
detected in Fig. 2, after the cold water mass of
the Kuroshio shifted to the eastern side of the
Izu Ridge. However, the cold water mass may
not be intensified in the eastern side of the Izu
Ridge.

The temperature variation in the deep layer
for the cases of long-period meanders formed in
1975 and in 1981 is shown in Fig. 4(a) and (b),
respectively. The temperature tends to increase
gradually by the lapse of time, but there exist
some cooling periods. The cooling has a ten-
dency to occur in late spring to summer. We
should notice here that the decrease in temper-
ature of the cold water mass in the Shikoku
Basin (western side of the Izu Ridge) has not
been observed in the lifetime of short-period
meander formed in 1969 as shown in Fig. 2.

Horizontal distributions of temperature during
the cooling periods shown in Fig. 4 are displayed
in Fig. 5 and Fig. 6. It is clear that the de-
crease in temperature of the cold water mass
and the expansion of the horizontal scale of the
cold water mass of the long-period meander
occur in the western side of the Izu Ridge,
which is not found in the case of short-period
meander shown in Figs. 2 and 3. Because the
cooling of a deep layer is caused by the ascent
of the isotherms, such a cooling is considered
to be a spin-up of the cold water mass (for the
detailed description of the cooling period of Fig.
A(a), see SEKINE et al., 1985). From this, no
occurrence of the cooling in the western side of
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Fig. 3. Horizontal distribution of temperature (°C) at depths of 1,000 m and

1,500 m during the short period meander formed in 1969. Also shown
are surface current axes of the Kuroshio (thick lines with arrows) based
on the Quick Bulletin of Ocean Conditions published twice a month by
Hydrographic Department of Maritime Safety Agency of Japan. Symbols
show the observational stations of temperature of Takuyo (@) and Kaiyo
(#9) of Hydrographic Department, and Shunpu Maru (®) and Ryofu Maru
(@) of Japan Meteorological Agency. The larger three symbols show stations
of the lowest three temperatures, of which averages are displayed in Fig. 2.
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Fig. 4. Time variation of temperature at depths
of 1,600m and 1,500 m in the cold water mass
of the Kuroshio accompanied by the long-
period large meanders formed in 1975 (a) and
in 1981 (b). The temperature is defined as the
average of the lowest three data near the center
of the cold water mass. Data are provided by
Maritime Safety Agency of Japan, Japan
Meteorological Agency, Japan Oceanographic
Data Center and Fisheries Agency. The black
band at the bottom shows the period when the
center of the cold water mass exists in the
eastern side of the Izu Ridge.

the Izu Ridge indicates no occurrence of the
spin-up of the cold water mass accompanied with
the short-period meander. In constrast to this,

long-period meanders formed in 1975 and in 1981
have spin-up periods of the cold water mass.
It is thus pointed out that the occurrence of a
spin-up of the cold water mass is associated with
the longer lifetime of the large meander of the
Kuroshio.

Next we see a critical condition of the shift
of the cold water mass to the eastern side of
the Izu Ridge, which is commonly observed for
the decay period of the cold water mass and
large meander of the Kuroshio. The periods
when the cold water mass is in the eastern side
of the Izu Ridge are displayed by the black
bands in FFigs. 2 and 4. It is demonstrated from
Figs. 2 and 4 that the shift of the cold water
mass occurs when the temperature at a depth
of 1,500 m near the center of the cold water
mass exceeds about 2.4°C. The existence of
the critical value of temperature is considered
as follows. On the basis of the gradient flow
balance on the deep layer circulation of the cold
water mass, the larger horizontal gradient of
the temperature at a deep level indicates the
existence of larger current velocity down to that
level, and vice versa. Because the averaged
depth of the Izu Ridge is shallower than 1,000 m,
the cold water mass is supposed to have a
contact with the bottom topography of the Izu
Ridge. It is well-known from the theory of the
geophysical fluid dynamics (e.g., PEDLOSKY,
1979) that the current in the deep layer has a
tendency to flow along the isopleth of the depth.
Therefore, the cold water mass with the larger
current velocity in the deep layer is not able to
go over the Izu Ridge to its eastern side, unless
the current velocity in lower layer is weakened.
It is thus suggested that the critical velocity
which allows the cold water mass to shift to
the eastern side of the Izu Ridge is represented
by the temperature of about 2.4°C at a depth
of 1,500 m, in which averaged temperature at a
depth of 1,500 m south of Japan is about 2.6-
2.9°C (e.g. TAFT, 1978). However, this critical
condition on the shift of the cold water mass
should be examined quantitatively by use of
simulating model.

4, Summary and discussion
The time variation of the short-period cold
water mass accompanied by large meander of
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Fig. 5.

Horizontal distribution of the temperature during the low temperature

period of the cold water mass of the Kuroshio accompanied by the long-

period meander formed in 1975.

Data sources are the same as in Fig. 4.

The symbols of the stations are the same as in Fig. 2.

the Kuroshio formed in 1969 has been studied
and the results are compared with those ac-
companied by
in 1975 and
present study

(1) There
current path variations during the formation
process of the large meander of the Kuroshio
between the short-period meander and the long-

the long-period meanders formed
1981. of the

are summarized as follows:

Main conclusions

exists no apparent difference in

period meanders. The lifetimes of the cold water

mass and large meander of the Kuroshio are
supposed to be due to the process after the
accomplishment of the large meander path for-
mation.

(2) The deep layer temperature at depths of
1,000 m and 1,500 m near the center of the cold
water mass accompanied by the short-period
meander shows no cooling period in the western
side of the Izu Ridge. In contrast to this, the
cold water mass with the long-period meanders
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Fig. 6. Horizontal distribution of temperature during the low temperature

period of the cold water mass of the Kuroshio accompanied by the long-
period meander formed in 1981. Data sources are the same as in Fig. 4.
The symbols are the same as in Fig. 3, but for Shoyo (O) of Hydro-
graphic Department, Soyo Maru (&) and Syunyo Maru (A) of Fishery

Agency.

has commonly cooling periods of temperature
in the western side of the Izu Ridge. It is
suggested that the occurrence of the cooling of
the cold water mass has some relationship to
its longer lifetime.

(3) Prior to the decay period the large cold
water mass and the large meander of the Kuro-
shio, they shift to the eastern side of the Izu
Ridge. It is found that the cold water mass
and large meander have a tendency to shift to
the eastern side of the Izu Ridge when the tem-
perature at a depth of 1,500 m near the center of
the cold water mass exceeds 2.4°C. Because
the increase of the lower layer temperature of
the cold water mass means the decrease in velo-
city in the deep layer, this represents a critical

condition on the shift of the cold water mass
and large meander of the Kuroshio to an eastern
side of the Izu Ridge.

Finally, we refer to the occurrence of the
spin-up process of the cold water mass of the
Kuroshio, which is only observed in the long-
period meanders. SEKINE ez al. (1985) showed
that the cooling of the cold water mass formed
in 1975 has a tendency to occur in late spring
to summer. The similar tendency is found in
the temperature variation of the cold water mass
formed in 1981 (see, Fig. 4(b)). Therefore, a
relationship between the occurrence of the cool-
ing of the cold water mass and the seasonal
variation of the Kuroshio flow is suggested.
‘When the cooling of the cold water mass does



176 La mer 24, 1986

not occur in this season, there is a possibility
that the large meander of the Kuroshio and the
cold water mass decay in near future. The
dynamics of the cooling of the cold water mass
and its relationship to the seasonal variation of
the Kuroshio should be investigated in the next
stage of this study.
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