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Fig. 2 Bottom topography of South-Joban.

(Mocr, Iwasucwr,  1961)
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Fig. 3 Monthly mean flow from main rivers, monthly mean rainfall at the

rivermouth cities and the monthly mean salinity at the rivermouth.
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Table 1 (Qbservation stations of
hvdrographic survey at Kashima-nada.

% E'O? Latitude Longitude

1 36° 34’ N 140° 46’ E

2 36° 34’ N 140° 52’ E
i3 36° 34’ N 140° 58’ E
= |4 36° 34’ N 141° 04’ E
2| 5 36° 34' N 141° 11 E
ol 6 36° 34 N 141° 20' E
% 7 36” 34’ N 141° 30° E

8 36° 34’ N 141° 45’ E

9 36° 34' N 142° 00' E

| 36° 18’ N 140° 36" E

2 36° 19 N 140° 41" E
m | 3 36° 19’ N 140° 47' E
“ 14 36° 19’ N 140° 53’ E
|5 36° 19’ N 140° 59’ E
g ' g 36° 19’ N 141° 06’ E
=0 36° 19’ N 141° 15’ E
S |8 36° 19/ N 141° 30’ E

9 36° 19/ N 141° 45’ E

10 36° 19’ N 142° 00/ E
ol 36° 00’ N 140° 45’ E
a2 36° 00’ N 141° 00' E
=1 3 36° 00’ N 141° 15" &
x| 4 36° 00’ N 141° 30 E
Z|5 36° 00’ N 141° 45' E
316 36° 00’ N 142° 00° E
51| 35°42' N 141° 00 E
s |2 35° 42’ N 141° 15’ E
; 3 35° 42/ N 141° 30' E
54 35° 42 N 141° 45’ E
§ 5 35° 42 N 142° 00’ E
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Fig. 8 Isopleth of surface water temperature along the Observation line
east off Oharai from 1971 to 1978.
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Table 2 Compareing coastal water at Inubo, Oharai and Ohse with offshore

water of them.

Indicating the number and ratio of high temperature.

Month | Jan. |Feb. [Mar. | Apr. | May | Jun, | Jul. Aug. |Sep. |Oct. | Nov. | Dec. Total
High
coastal 1 1 1 6 4 4 2 3 3 4 2 37
water
Z |High
E; offshore 7 2 7 3 5 8 6 6| 13 12 14 89
© water
Total 8 3 8 9 9 12 12 8 9 16 16 16 126
High
coastal 13 33 13 67 44 50 33 25 33 19 25 13 29
water
;U High
- offshore | 87 67 87 33 56 50 67 75 67 81 75 87 71
o |water
Total 100 | 100 | 100 | 100 | 100 | o0 | t0O | 100 | 100 10¢ | 100 | 100 100
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Fig. 10 Isopieth of surface salinity along the observation line east off
Oharai from 1971 to 1878.
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Table 3 Correlation coefficients between two layers.

Mon

Dep Jan. | Feb, |Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.

0~50 092 | 087 095 | 092 087 | 088 | 086 | 0.79 | 062 | 068 | 088 | 0.85
Q~100 | 0.85 0.79 088 | 0.84 086 | 085 | 0.84 | 0.75 | 067 0.69 073 | 0.73
0~200 ¢ 059 | 0.59 c.74 | 0.71 0.75 | 0.69 | 0.80 0.72 0.63 065 | 0.76 | 0.59
50~100 [ 0.92 0.63 | 0.95 0.95 092 | 0.93 | 0.97 097 | 097 | 092 | 0.83 0.91
50~200 | 063 069 | 0.83 0.84 076 | 0.83 | 093 | 0.95 084 | 081 084 | 0.75
100~200 | 0.71 083 | 0.90 0.83 087 § 090 | 095 | 0987 | 087 0.85 | 090 | 084
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East off Oharai(in March 1984)

Table 4 Observating locations. (1984)

Feb. 36°19' N 141°30' E
Mar. 36°19' N 141°45' E
Apr. 36° 19’ N 141° 45’ E
May 36° 19’ N 141°30° E
J un. 36°19'N 141°45° E
Jul. 36° 19’ N 141° 15 E
Aug. 36° 19’ N 141° 15’ E
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Table 5 Indicating temperature {T) and salinity {8) of Kroshio system

water and Oyashio system water.
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Fig. 37 Range of temperature (U),salinity (%) and delta-t in Kroshio
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and distinguishing those water.

K means Kuroshio water.
(0 means Oyashio water.
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. 40 Typical water mass Distributions of depth at Joban-Boso area.
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Fig. 43 Mean depth of main transition
layer of temperature,

layer of salinity.
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Fig. 47 Temperature at depth of 200m and GEK velocities observed on July
27 to August 9, 1978. The Kuroshio currents in the Temperature
range of 10U to 17C indicate geostrophic flow. The currents in
Kashimanada in the temperature range lower than 10C are southward
s in spite of the offshore increase of temperatures.
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Fig. 50a Frequency of current directions at each station during winter
(January to March) of 1971 to 1978,
The unmbers in the circle indicate the frequencies of GKE

measurement.
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Fig. 50b Frequency of current directions at each station during spring
(April to June) of 1971 to 1978.
The unmbers in the circle indicate the frequencie=s of CEK
S

measurements,
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Fig. 50c Frequency.of current directions at each
(July to September) of 1971 to 1978.

The numbers in the circle indicate the frequencies of GEK
measurements.
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Fig. 50d Frequency of current directions at each station during autumn
(October to December) of 1971 to 1978.

The numbers in the circle indicate the frequencies of GEK
measurements.
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Fig. 51 Histograms of current speeds for all the period of 1971 to 1978.
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Fig. 83 Isopleth of surface mean salinity east off Charai (1971-1979).
Table. 7 Characteristics of coastal water using mean.

Area Index Jan. Feb. Mar Apr. May Jun Jul. Aug, Sep. Qet, Nov, Dec
Eﬁ Sal. Ba| <343 <134.3 < 34,1 <340 < 34.0 <34.0 <338 <33.5 <337 <339 <34.0 <34.1
=
2 Depth. {m})| <10 <10 < 10 < 20 <15 <20 < 30 <20 < 20 <20 <15 < 15
g
& Ea;‘“(m“e) < 5 < 5 < s < 5 < 5§ <10 <15 <10 <19 <10 < 5 < 5
Z@ |Temp. (C)] 14~15 | 13~14 | 13~14 | 14~15 | 18~19 | 19~21 | 22~ 23 [ 25~ 26 | 25~ 26 | 22~23 | 20~ 21 | 17~ I8
& A
= o
53 [Sal | <343 | <343 | <343 | <340 | <341 | <340 | <330 | <330 | <335 | <340 | <34z <343
39
x
g3 Depth. (m}| < 10 < 10 < 20 < 10 <10 < 16 < 10 < 10 <10 < 30 < 10 < 10

—_

s & |Temp. [C)} <155 <14.5 <145 <155 <180 | <205 |226~230| >26.0 <250 <220 <19.5 <17.0

w 3

N

CET|sal. | <345 | <345 <345 | <347 | <338 | <336 | <330 | <330 | <330 | <335 | <340 | <343
S E |Temp. {T) 10~ 12 16~ 18 22~ 27 18~ 20
(=]

[

=
¥ |sal. & <34.0 <340 <335 <335
£g
~ 7 |Depth, (m) < 30 < 30 < 10 < 10

49—
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Fig. 54 Monthly vertical distributions of mean temperature (C) east off
Oharai from 1971 to 1979.

Fig. 55 Monthly vertical distributions of mean temperature (%) east off
Inubo-Zaki from 1971 to 1979.
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Fig. 56 Monthly vertical distributions of mean salynity (%) east off
Oharai from 1971 to 1978.
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Fig. 57 Diagram showing maximam and nimimum salynity layer appearance
east off Oharai.
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Fig. 58 Monthly vertical distributions of mean salinity east off

Inubo-Zaki from 1971 to 1979,
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Table 8 Temperature range at each depth and the difference between
highest temperature and lowest one in this area.

Dep. | Mon Jan Feb. Mar. Apr. May Jun, jul. Aug. Sep. Oct. Nov. Dec
n =

&£ 55 12°~19° | 10°~17° | 9°—17° | 10°~18° | 13°~20° | 16°~22° | 17°~23° | 21°~27% | 21°~26° | 18°~25° | 16°~23° | 14°~2D

= b=l

® |Diff. 7 7° 8° 8° 7° 6° 6° 6° 5° 7 7° 6°

o -
]

3 ,-';;5 12°~19° | 10°~18° | 8°~17° | 9°~18° | 8°~18°|10°~21°|11°~21° | 12°~22° | 14°~23° | 18°~24° | 15°~227 | 14"~20
=]

? >

-

& | Diff. 7 8 9° 9° 9° 11 10° 16° 9° 6° 7° 6°

= -

3 }25 12°~19° | 109~17° | 8°~16° | 8°~17° | 8°~16°| B°~19°| 0°~i7%|10°~19°|11°~19°|13°~20°  12°~20° | 13°~20°
m D i

¥

2 |pifi| 7 7 8 9° g° ue g° 9° 8° 7° 8° 7°

2 |ad

z %5 10°~18° | T°~16° | 6°~14° | 5°~15%| 7°~14°| 7°~16° | 6°~14%] 6°~15" [ 7°~14°| 8°~15"] 8°~15° | 10°~16°
b=

&

2 |Diff. 8 & 8° 10° 7° g° g 9° 7° 7 7° 6°




face

of mean temperature (T) at sur

Fig. 59 Monthly distributions

1971 to 1980.




8 =

VI ST

Fig. B0 Monthly distributions of mean temperature (T) at 50m from 1971
to 1980.
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Fig. 61 Monthly distributions of mean temperature (T) at 200m from 1971
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Fig. 67 Stabilities for each of four seasons.
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Relationships between hydrographic pattern and mean deviation of
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Table 9 Existing period of each temperature at surface (1972-1982).
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Table 10 Indicating high tempetature, low temperature and cold water

year.
High water temp , year Ordinary year Cold water temp , war
1972 1973 1974
1679 1976 1975
1980 1977
1978
1981

1 1
141° 142° 141° 142° 141° 142° 141° 142°
1976 1979 1980 1981

Fig. 72 Isopleth 0f the surface temperature () along 36°30' N.
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Table 11 Duration of oceancgraphic patterns.

Winter Spring
Peri. | Periods of duration (weeks) Peri. | Periods of duration (weeks)
Patt. T?Z% 4(5(6|7]8|9]|1011 Patt. 112!3(4|5/6]7]8]|9]1011
0O 2|1 1 0 201 1
W 11211 1 2 2 W 8|2 i 1 1
K 121151 2 K 3111 171121
Summer Autumn
Peri. Periods of duration (weeks) Peri. Periods of duration (weeks)
pac | 11z13]als]6l7]8 o |i0]inf17]22| |Pate. 1234567819\1011
9] 3111 O 313121
W 712 - r W 51712
K 3|11 111 'le 1111 K 412 112
Table 12 Frequency of pattern variation.
eason
Vear Winter Spring | Summer | Autumn Total
1972 3 2 1 2 8
1973 2 4 4 6 16
1974 6 5 5 3 21
1875 1 6 6 7 20
1976 2 4 2 3 11
1977 4 2 5 3] 17
1978 3 4 0 5 12
Total 21 27 23 34 1056
Mean 3 3.7 33 4.9 15
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Fig. 83 Examples of variation of sea surface temperatures from the
generation to the disappearance of a warm water tongue during the
period of 12 Jamuary to 14 March 1974,
This figure shows the B-type of the formation of the warm water
tongue.
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Fig. 84 The schematic figure of the process of formation of a warm water

tongue. Fig.(a} shows the case that the small wave along the Boso
Peninsula amplifies its wave height in Kashima-Nada. Fig. (b)
shows the case that the Kuroshio Branch shortens its wave length.
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Table 13 The temperature difference before and after formation of warm

water tongue by types A, B.
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of a warm water tongue
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Fig. 86 FEast-west fluctvation of the core of the warm water tongue. The
symbols, A, B, & and B' at the top of each warm water tongue
show the processes of formation indicated in Tablel3. The symbols,
K, V, W, Mand I. D at the last of each warm water tongue show
the processes of disappearance indicated in Table 14,
Table 14 The processes of disappearance of a warm water tongue and its
frequency.
Process Frequency
Kuroshio Branch (K:B) 10
Isoclated warm water mass (W-M) 3
Diffusion in Kashima-Nada (V)
{ndistinct (I-D)
The indistinct ones as if the warm water tongue shifted eastward.
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Summary

The area between south of Jyoban and Kashima-Nada, where Kuroshio and
Oyashio currents come across, Iis regarded as one of very Iimportant
fishing ground in Japan. However, little has been reported about its
fishing conditions.

In this paper, chracteristics, structures and variations were examined
in order to summarize oceanographic conditions of this area.

The results are as follows:

It is found that coastal seawater is greatly influenced by offshore
seawater except summer (from July to September). In the case of the
durability, high water temperature is maintained from winter to summer
when water temperature in winter 1s relatively high in comparison with
that of usual years.

Coastal water can be distincted from offshore water by fronts of water
temperature and salinity. The stretch of coastal water 1s proportional to
an amount of precipitation and flowing water (flux) from rivers in
Ibaraki prefecture. The stretch range {from the coast tends to be nallow
from November to May and to be wide from June to October. The water depth
influenced by the stretch is at most 30 meter. When the oceanographic
condition analysis 1s carried out by using data of surface water
temperature, it is found that the risky months are September and October
(correlation coefficient between surface and deeper layer ranges from
0.62 to 0.69).

The offshore oceanographic condition is divided into three patterns.
The 0 pattern is observed in spring, Especially, the 0 pattern often
appear in a cold water year. The K pattern is significantly observed in
summer. In contrast, the W pattern appear in winter and spring. The order
of the period of lives of each pattern is 0, W, K,. Namely, the K pattern
1s maintalned longer than the W and ( patterns. It is general that the
cold water year indicates large fluctuation. This is because the movement
of cold water has a relation to the change of the oceancgraphic
condition, The oceanographic condition tends to indicate regular
translation pattern, that is 0-W, W-K, K-W, W-0.

The structure function can be effectively applied to know the scale of
oceanographic conditions when the 1sotherm of seawater is closed. The
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idea of the structure function can be used to determine only wavelength
when the Warm or the Cold Water Tongue have a half-opened type of the
isotherm.

An amplitude and wavelength of the Warm Water Tongue are almost 30 -
70 miles. It is considered that the Warm Water Tongue is formed by two
different mechanisms. The first case is when the wavelength of a branch
separated from Kuroshio current shorten. The second case 1s when waves
with a small amplitude in Bhoso coast is amplified in Kashima-Nada. It is
concluded that the Warm Water Tongue is a phenomenon when a part of
%£oshio separates from the main current and stretch to the north along a
continental shelf at about 200m in depth.

The water of the Warm Water Tongue originates in the Central Water of
the North Pacific and indicates the same quality as that of Kuroshio
current at about 400m in depth. The Warm Water Tongue often changes into
a branch of Kuroshio after the shape of the Warm Water Tongue disappears.
Ovashio water goes south when it passes over 38° N in February. The water
in this area indicates almost the same quality as that of the Oyashio
water off Hokkaido. As a result of examination about a mass structure,
there are two kinds of water fronts. One front is observed in a north edge of
the Kuroshio current (First Kuroshio front). Another 1s a boundary
between the Oyashio system water and the Warm Water Tongue or the
Kuroshio branch (Secondary Kuroshio front). The minimum water temperature
is observed in three position, that is, a upper layer of the Oyashio
system water, shallow cold core, and dithermal water. The core with the
minimum salinity appear in o surface layer of the -sea area which is
significantly influenced by Oyashio system water, and/or In a
intermediate layer of all sea areas.

Thermocline and halocline is significantly observed in the lowest
layer of the Warm Water Tongue or the Kuroshio branch.

The water mass in this area can be conveniently classified as upper
layer water, the Intermediate Water of Kuroshio, the Ofiginal Ovashio
water, upper layer water, intermediate water, dithermal water and
undercurrent water of Oyashio. This was almost similar to the results
which Kawai (1972) and Masuzawa (1977) had observed in the water mass of

widespread Tohoku area.
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Therefore, it seemed that the sea area from Jyoban to Inubohzaki off
was a minuature (Hakoniwa) of the water mass in the Tohoku area.

According to the analytical results of the current by GEK, the tide of
Kuroshio runs constantly through the neighborhood of East off Inubohzaki
at 141°30'E-142°00"E. The tide of Kashimanada offshore runs southward so
as to bring over to Kuroshio current.

The wvertical distribution of the water temperature and the salinity
showed a valley-structure in Oharai offshore between 141°E and 141°30'E
from January to May, and this also shows to be liable to appear the Warm
Water Tongue. In this offshore, a cone structure of the wvertical
distribution was observed, and this indicated to be a oceancgraphic
condition which the Cold Water Tongue may appear.

In the horizontal distribution of the sea water temperature, W-pattern
was observed In Jan. - May and K-pattern was done in Jun. - Dec., in the
surface water, and W-pattern was observed in Feb. - May, O-pattern in
Jun. - Jan, in the 200m deep layer. This fact shows that the Warm Water
Tongue 1s difficult to form not only in the surface but also in the deep
layer, and that the branch of Kuroshio occurs in a shallow area of 200
meter from the surface. The fluctuation of the water temperature 1in
Oharai off was larger in Mar. - Jun.. This indicates an invation of cold
water into Kuroshio stream in these months. On the other hand, it was
small because the oceanogrophic condition was quite stable in Dec. -
Feb..

The values of standard deviation of the water temperature in the area
around 141°E tended to be large in winter and spring. This is closely
associated with existence of the Warm Water Tongue., While, the large
values of standard deviatiom was observed in the area between 141°30'E
and 141°45'E in the same seasons, and this shows an existence of the Cold
Water Tongue. In Inubohzaki offshore, large values of the standard
deviation was calculated in Jul. - Sep.. This may be due to existence of
the 2nd minimum value in water temperature distribution. Thus, the
oceanographic condition in the offshore area from south Jyoban to
Kashimanada is influenced directly by the currents of Kuroshio and
Oyashio. especially the Warm Water Tongues, the branch of Kuroshio and
the Cold Water Tongues.



As further investigations, it is necessary from the view point of
science of fishery to elucidate a causal relation between oceanographic
condition and fishing ground. The current southward of cold sea water
controls the fishing in this area, however, the formation mechanism of
fishing condition is not clarified yet, and further investigation is expected.
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