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Some Problems Relating to Fluctuation of Hydrographic
Conditions in the Sea Northeast of Japan (Part 1)

—Relation between the Patterns of the Kuroshio and the Oyashio—

Katsumi HATA**

Abstract: For this study are used mainly the data of occanographic observations by the
Hakodate Marine Observatory, the Meteorological Agency, the Tohoku Fisheries Research
Institute and the Maritime Safety Agency from 1954 to 1966, and the old data obtained by the
Imperial Fisheries Experimental Station from 1933 to 194] are also examined,

The results are as follows:

When the Kuroshio extends more northward in the sea northeast of Japan between 142°1
and 150°E, the Qyashio flows mere southward between 143°E and 150°E, and the transition

area is narrow and therefore the horizontal gradient of water temperature at the depth of 100 m

is large,

On the other hand, when the Kuroshio exists more southward, the Qyashio lies more north-
ward, the transition area becomes wide and the gradient is small.

1. Introduction

In the North Pacific the most complicated
hydrographic conditions are encountered in the
waters northeast of Japan. The Kuroshio follows
closely along the coast of Japan as far north as
about 35°N, sometimes 38°N, where it turns
cast. There are transition areas between the
warm water of the Kuroshio and the cold water
of the Oyashio, and the warm eddy are frequently
cut off from the Kuroshio and make anticyclonic
eddies with various sizes in the transition areas.

MASUZAWA (1955) analyzed the general cur-
rent system of the Kuroshio in summer from
1933 to 1941 by the distribution of the depth of
10°C isotherm and showed the Kuroshio current
in this region presents various shapes,

KAwAL (1955) analyzed the Polar Frontal
Zone and its fluctuation in the waters to the
northeast of Japan and suggested that there was
no close relation between the Kuroshio Front
and the Oyashio Front.

But in this paper some close relation between
the pattern of the Kuroshio water and the Oya-
shio water is explained (TAKENOUCHI, 1950).
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2. On the horizontal distribution of water
temperature at the depth of 100 m

Recently, the horizontal distribution of water
temperature at the 100 m depth has been {re-
quently used for representing the general distribu-
tion of currents and water masses in the sea
northeast of Japan.

FUGLISTER (1951) showed that in the Gulf
Stream the isolines of the mean temperature of
the upper 200m laver are parallel to the current
where the cross current temperature-gradient is
sharpest.

The mean temperature of upper 200m layer
is nearly equal to the water temperature at the
100 m depth in this area.

Here, a question arises as to which depth should
be selected to see the outline of the northern
branch of the Kuroshio extension and the southern
branch of the Oyashio.

Fig. 1 shows the serial stations observed by
the Ryofu-maru and Kofu.maru in February
to March and August to September 1963 in the
area of 34°N-43°N and 141°E-150°E.

Figs. 2 and 3 show the relations between the
water temperature and the salinity at the depths
Om, 100m and 200 m of the stations in Fig. 1.
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For example, the salinity at a temperature of
20°C at the sea surface in summer is between
32.7 and 34.0% as shown in Fig. 2. But the
salinity at a temperature of 5°C is between 33.2
and 33.6% at the 100m depth in winter, and
between 33.5 and 33.8 at the 200m depth in
winter, and between 33.5 and 33.9%e at the 200 m
depth in summer as shown in Figs. 2 and 3.
Moreover, the salinity at a temperature of 15°C
is between 34.5 and 34.8 in winter and between
32.3 and 33.0% in summer at the surface layer,
and is between 34.5 and 34.6% both in winter
and summer at the 100m depth. The tempera-
ture-salinity relation in most uniform at the 100 m
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Fig. 1. Serial stations in (a) Feh.-Mar.,

(b) Aug.-Sept., 1963.
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depth.

The temperature of 5°C shows the highest
temperature of the Oyashio water at the 100 m
depth and the salinity at 5°C is 33.6%.; on the
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other hand, the temperature of 15°C shows the
lowest temperature of the Kuroshio water and
the salinity at 15°C is 34.6%. Hence, it is con-
ceivable that the isotherm of 15°C is the northern
boundary of the Kuroshioc water and the iso-
thern of 5°C is the southern boundary of the
Oyashio at the 100m depth. (refer to Fig. 3)

3. Fluctuation of hydrographic condition in
1955 and 1963

Fig. 4 shows the distribution of water tem-
perature at the 100 m depth in the winters and
summers of 1955 and 1963. These are the years
of peculiar hydrographic condition.

In 1955, the mean stream of the Kuroshio
flows almost eastward from the coast to 150°E
between 37°N and 38°N and the mean position
of the Kuroshio is situated more north than in
the normal year. On the contrary, in 1963, the
Kuroshio flows between 34°N and 36°N and the
position is situated more south.

Because the isotherm of 15°C at the 100m
depth is correspondent to the northern boundary
of the Kuroshio water, the mean latitude of the
tsotherm of 15°C from 142°E to 150°E is regraded
as the mean northern limit of the Kuroshio
water. In the same way, the mean latitude of
the isotherm of 5°C from 143°E to 150°E is
regarded as the mean southern limit of the Oya-
shio water.

As seen in Table 1, in the winter of 1955, the
mean latitude of 15°C isotherm is 36.8°N and
the one of 5° is 89.2°N. This shows that the
warm water of the Kuroshio extends northward
and the cold water of the Oyashio is more south.
In this case the transition water is narrower and
the horizontal gradient of water temperature at
the 100 m depth is greater.

On the contrary, in the winter of 1963, the
mean latitude of 15°C isotherm is 35.4°N and
one of 5°C is 40.6°N; that is, when the Kuro-
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Fig. 4. Distributions of water temperature at the
100 m depth in Feb.-Mar. and Aug.-Sep. 1966,
1963.

shio water retreats southward, the Oyashio water
is more north. In this case, the transition water
is wider and the water temperature gradient is
smaller. This tendency in the hydrographic
conditions almast continues from winter to summer
in this area.

Fig. 5 shows the vertical distribution of water
temperature and salinity in the winters and
summers of 1955 and 1963 along the meridian
of 144°E; these stations were observed the R/V
Yushio-maru, Ryofu-maru and Kofu-maru.

At the 100 m depth, the Kuroshic water mas-
ses are characterized by a salinity more than
34.6%0 and a temperature more than 15°C, and
then the Kuroshio Front exists between 36.5°N
and 37.5°N in 1955, but in 1963 between 35.0°N
and 36.5°N more south than 1955.

Fig. 6 shows the vertical distribution of 5°C
and 15°C isotherms (upper) and the horizontal
gradient between the isotherm of 5°C and 15°C
at each depth in 1955 and 1963 along 144°E

Table 1. The mean latitude of the 5°C and 15°C isotherms at the 100 m depth.
Isotherm | 1955 1963
Feb.-Mar., Aug.r—rS‘egplr.r N 3 Feb.~Mar. i A;g Sept.
sc | 302N 01N 406N | 4N
Wlf)”’C 7717 ' SG.SGNV 37.4°N i 35.4°N - 557.801\1 '
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In the summer of 1955, the interval between
isotherms of 5°C and 15°C is narrower than in
the winter of 1955. Then, the horizontal gradient
between isotherms of 5°C and 15°C is sharp,
particularly from 100m to about 200 m.

On the contrary, in the summer of 1963, the
interval 1s wider than in the winter of 1963, and
then the gradient is weak.

Fig. 7 shows the vertical distribution of the
difference in temperature between Feb,~-Mar. and
Aug.-Sept. in 1955 (upper) and 1963 (lower).

In 1955, the area of increase in temperature
is seen near 38°N, the value amounts to--10°C
at the 150m depth and i1s+6°C at the 300m
depth, because the Kuroshio Front extends north-
ward from winter to summer.

But in 1963, the area of increase in tempera-
ture is seen near 38°N and the value amount to
+6°C at the 100m depth and 10+4°C at the
300 m depth, being less than in 1955, and the
area is formed by the warm water cut off north-
ward from the Kuroshio water as seen in Fig. 4.

In 1955, the area of decrease in temperature

1955( ug .=iiept, )
=

Vertical distributions of water temperature and salinity
along 144°E in 1955 and 1963.

exists around 40°N and the value amounts to
—2°C at the 200m depth, because the dicho-
thermal water flows more southward than in
winter.

On the contrary, in 1963, because the Kuro-
shio Front is moved southward from winter to
summer, the area of decrease in temperature
exists between 34°N and 35°N and. the valuc
amounts to —8°C from 300m to 600 m.

Fig. 8 shows the vertical distribution of oxygen
(mi/1) in Feb.-Mar. and Aug.-Szpt. of 1955 and
1963 along the meridian of 144°E which cor-
responds to the section in Fig. 5.

A minimum oxygen content of about 1m///
1s found at the depths of about 900m in the
Opyashio area, about 1,000m in the transition
area and about 1,200 m in the Kuroshio area.

In Fig. 8, the water which has a relatively
high oxygen content over 4m/// sinks remark-
ablely at the northern edge of the Kuroshio
Front in 1955. But in 1963, the sinking water
is not found there. These fact may be worthy
of note in the connection which the frontal
activity.
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meridian  of 144°E  which corresponds to the
section i Fig. 5 is illustrated in Fig. 9.

The boundary of currents through the section
can be easily determined by the slope of isobaric
surfaces. The section may be divided into three
majer zones: (1) the Kuroshio, (2) the eddy,
(3) the Oyashio.

The fluctuation of these currents are shown in
Table 2.

In Aug.-Sept. of 1955, the largest slope of sea
surface between Ry 458 (38°3UN}) and Ry 456
(36728 N) corresponds 1o almost the swift current
of the Kuroshio. The difference is geopotential
at the sea surface between these stations is 1.45
dynamic meter. There is a westward flow be-
tween Yu 1024 (39°35’N) and Yu 1014 (39°10'N),
and Yu 1024 is located at the center of the
oddy; the difference in geopotential at the sea
surface between both limits of the westward flow

temperature between Feb.-Mar. and Aug. Sept.
in 1955 and 1963.
amounts to 0.11 dynamic meter, which is only
8 % of the difference in the Kuroshio.

In Aug.-Sept. of 1963, the differences in the
Kuroshio between Ry 1862 (35°45'N) and Ry
1865 (33°38'N) is 0.89, which is smaller than
in 1955. There is a westward flow between Ry
1860 (37°16’N) and Ry 1016 (36°33’N) and Ry
1960 is located at the center of the eddy shown
in Fig. 4; the difference in geopotential at the
sed surface between both limits of the westward
flow amounts to 0.37 dynamic meter, which is
4225 of the difference in the Kuroshio (Table 2),

Assuming no current at the 1,000 m depth, the
fluctuation of volume transport between two
adjacent stations along the meridian of 144°E in
Feb.-Mar. and Aug.-Sept. of 1955 and 1963 is
illustrated in Fig. 10, which corresponds to the
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Table 2. Fluctuations of currents through the section along 144"E
in Feb.-Mar, and Aug.-Sept. of 1955 and 1963,

Year 1955 1963
- :\?I;;;l{ - ‘ FebMal N i 7 Aug -~hep B ‘ Feb.- Mar 7‘ Aug gq)l
7 "Kuroshio | Rage " Ry 359-Ry 308 Ry 458~ Ry 456 ° Ry 1175 Ry 1179 Iéy 13;6;2 Ry 1895
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section in Fig. 9. The black lines indicate the of the Kuroshio between Ry 359 and Ry 308
eastward transport in the upper 1,000m and the amounts to 55.0x10°m3/sec in Feb.-Mar. and
white lines indicate the westward transport. between Ry 458 and 456 amounts to 58.3x10%

In 1955, the volume transport of eastward flow m¥/sec in Aug.-Sept. which is equivalent to the
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transport in Feb.-Mar.

In 1963, the volume transport of eastward flow
of the Kuroshio between Ry 1175 and Ry 1179
amounts to 52.9x10°m*/sec in Feb.-Mar., but
the volume transport remarkably decreases to
39.5x10%m¥/sec in Aug.-Sept., which is 76% of
the transport in Feb.-Mar.

In Aug.-Sept. of 1963, the volume transport
of westward and eastward flow of the anticyclonic
eddy (refer to Figs. 4, 7, 9) amounts to 13.9x
10%m?/sec, so that the volume transport of the
Kuroshio plus the warm eddy is 53.4 % 10%m?/sec
which is equivalent to the transport of the Kuro-
shio in other periods.

The width of the Kuroshio is shown in Table
2. The distribution of volume transport in the
Kuroshio varies seasonally and yearly, that is,
the maximum volume transport appears more
of eastward flow of the
Kuroshio water in Feb.-Mar. and Aug.-Sept. of

north than the center
1955, but the maximum volume transport appears
-Mar. of 1963.
In Aug.-Sept. of 1¢63, the distance of the two
Ry 862 and 863 is so wide
that the distribution of the volume transport of
the Kuroshio is obscured.

more south than the center in Feb.

adjacent stations,
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4. Relation between the mean latitude of the
isotherms of 5°C and 15°C at the 100m
depth

Fig. 11 shows the distribution of water tem-
perature at the 100m depth in August from
1934 to 1941 and inserted numbers indicate the
mean latitude of 5°C isotherm from 143°E to
150°E and the mean latitude of 15°C isotherm
from 142°E to 150°E, but there i1s included with
the warm eddies more than 15°C and the cold
eddies below 5°C.

1934 and 1939 in Aug. are the years of peculiar
hydrographic condition in the same look as 1955
and 1963, and the hydrographic condition in 1934
is similar to 1955 and 1939 is similar to 1963,
That is, in 1934, the mean latitude of 15°C is
37.5°N, being more north than in the normal
year and the mean latitude of 5°C is 39.5°N,
being more south than in the normal year. In
1939, on the contrary, the position of 15°C is
36.3°N more south and the position of 5°C is
41.1°N more north. But the distributions of
water temperature in other years show almost
the intermediate distributions between the types
of 1934 and 1939.

The fluctuations of the mean latitudes of the
isotherms of 5°C and 15°C at the 100 m depth
and the gradient of water temperature between
5°C and 15°C are illustrated in Fig, 12. Available
values are the one in summer from 1933 to 1941,

and in winter and summer from 1954 to 1966.

Here, the relation between the pattern of the
Kuroshio and the Oyashio is generally explained
from the fluctuations of mean latitudes of 15°C
and 5°C as shown in Fig. 12. When the Kuro-
shio water extends more northward, the Oyashio
water flows southward and the horizontal gradient
of water temperature is value
amounts to more than 0.05°C/mile, especially

large, which
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contrary, when the Kuroshio water exists more
south, the Oyashio water is more north and in
this case the temperature gradient is small which
values amounts to below 0.04°C/mile, especially
below 0.03°C/mile in 1939 and 1963, that is, less
than half of the values in 1934 and 1955.

Using the mean latitudes of 5°C and 15°C at
the 100m depth, the relation between winters
and summers in the large scale from the coast
to the east of about 500 nautical miles is lust-
rated in Fig. 13 (upper) to see the durability of
the isotherms from winter to summer.

With two or three exceptions, it is recongnized
that when the deviations of the mean latitudes
of 5°C and 15°C isotherms are positive in winter,
the deviations in summer are positive, and when
the deviation is negative in winter, the deviations
in summer is negative. This relation between
winters and summers shows a positive correlation.
It is, therefore, assumed to be sure that the
hydrographic conditions characterized by the
mean latitudes of 5°C and 15°C isotherms at the
100 m depth have considerable durability in the
region.

The relation between the mean latitudes of 5°C
and 15°C isotherms in winter and summer also
is illustrated in Fig. 13 (lower) to see the re-
lation between the pattern of the Kurosho and
the Oyashio.

With two or three exceptions, in winter and
summer when the deviation of the mean latitude
of 15°C is positive, the deviation of the mean
latitude of 5°C is negative, and when the devia-
tion of 15°C is negative, the deviation of 5°C is
positive. From this, it is clear that the negative
correlation between the mean latitude of 15°C
and 5°C exists.

Fig. 14 shows the schematic regresentation of
the hydrographic conditions in the neighbourhood
of the Polar Frontal Zone with the unusual
patterns between the Kuroshio and the Oyashio
in Aug.-Sept. of 1955 and 1963, these have been

illustrated in Chapter 3 too.

When the Kuroshio water in this area extends
more northward than in the normal year, the
volume transport of the first branch of the Oya-
shio which flowed southward is larger, and when
the Kuroshio water exists more south, the volume
transport of the Oyashio is smaller. (HATA,
1965)

On the above fact, we find some close relation
between the pattern of the Kuroshio water and
the Ovyashio water.
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