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Abstract 

Statistics on the currents in the seas adjacent to Japan have been carried out with use 

of 'approx. eighty thousand GEK data observed from 1953 to 1970. The statistics have been 

conducted for the vector mean, scalar mean, maximum velocity, stability and standard deviation 

in three statistical periods, the periods in which the large meander of the Kuroshio o妊Kishu

and Enshu-nada is both absent and present, the overall period from 1953 to 1970. Although the 

detailed characteristics can be seen from the statistical atlases attached, the comprehensive 

characters of each statistical element in each region, and the relationships among them, are des-

cribed. In general, the distributional pattern of each element is similar to each other, especially 

in the region of the Kuroshio. Th巴 variability,defined as (standard deviation)/(stability), of the 

I《uroshiopropagates from west to east, and is larger in the period when the large meander is ab-

sent than in the period of its presence. A characteristic linear relationship between vector mean 

and scalar mean is significant in each region, and the other relationships between each element, 

except the maximum velocity, can be introduced from this basic relationship. 

1. Introduction 

In 1935 and 1936 the atlases of the ocean currents in the Northwest Pacific and 

the North Paci五cwere published by Hydrographic Office of Japanese Navy. After the 

World War II, US Naval Oc巴anographicO伍ceissued three kinds of current atlases for 

the Northwest Pacific and its adjacent seas. In these atlases, the currents were shown 

mainly by th巴 V巴ctor m巴anin each one degree mesh of longitude and latitude based on 

th巴 statisticsof the ship drift data of the naval merchant, and res巴archvessels. 

In recent years, Rikiishi (1974) and Rikiishi and Umatani (1977) computed the 

mean vector of the current and its stability in th巴 Kuroshioregion by the use of GEK 

data provided by the Japan Oc巴anographicData Cent巴r (JODC). They described some 

characteristic features of the Kuroshio, from the statistical view point, in the both pe-

riods in which the large meander of the Kuroshio off Kishu and Enshu-nada is abs巴nt

and present. 

In 1971, JODC initiat巴dthe collection of the GEK data, which had been accumula” 

ted from 1953 in Japan, and carried out som巴statisticson the current velocity to investigate 

th巴relationbetween the surface transport (integration of the surface current with dis岨

tance) and abnormal high sea l巴V巴lalong the southern coast of Japan occur巴din Sep-

tember of that year (Nitani, 1974). Later, additional statistics hav巴 be巴ncarried out 

by JODC with use of about eighty thousand GEK data to compile a new atlas li1arine 
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Environmental Atlas III which will be issued in early 1979 adding more data obtained 

in the period 1971-1977. As the results of these statistics, s巴veralcharacteristics of the 

distribution of the statistical elements such as vector mean, scalar mean, maximum ve-

locity, stability and newly defined standard deviation of th巴currentand the relationships 

among th巴m are discussed in the present paper. 

2. Method of the Statistic日

(1) Data source 

Data used in this statistics ar巴 thoseobserved almost by th巴 Japan己seresearch 

agenci巴sin the period from 1953 to 1970 (Table 1). The number of th巴 datain巴ach

30' mesh is shown in Plate 1. The isopleths run, in gen巴ral,parallel with the Japan 

Islands but those nearly p巴rpendicularto the coast, along the regular observational lin巴s

of each agency, are remarkable in the Japan Sea and the eastern offing of Tohoku dis-

trict. This means paradoxically that the observations in the Kuroshio region ar巴conducted

with the comparatively uniform basis and further that the regular obs巴rvationallines 

are dense in space. 

Table 1 Number of GEK data used in the statistics 

Number of Data 
Observed Total 
Year MSA JMA FA,PFE DA Univ. USSR 

1953 86 86 
1954 1,001 1,001 
1955 1,907 198 2,105 

1956 2,957 933 3,890 
1957 2,739 1,564 43 4,346 
1958 3,566 1,546 78 5,190 
1959 2,971 1,437 4,408 
1960 3,654 1,497 5,151 

1961 3,318 1,712 46 5,076 
1962 2,934 1,478 39 4,451 
1963 2,916 1,820 4, 736 
1964 3,038 1,949 820 5,807 
1965 3,431 1,961 590 31 6,013 

1966 3,692 1,893 611 89 6,285 
1967 3,253 1,976 755 178 6,162 
1968 3,454 1,191 707 140 123 5,615 
1969 3,295 1,559 658 15 20 5,547 
1970 3,094 1,803 725 106 58 5,786 

Total 51,306 24,517 4,866 106 717 143 81,655 

MSA : Maritime Safety Agency 
JMA : Japan Meteorological Agency 
FA : Fisheries Agency 
PFE : Prefectural Fisheries Experimental Station 
DA : Defense Agency 

(2) Periods for the statistics 

The statistics have b巴巴ncarried out with the use of all data simply to get the 

averaged state of each statistical elem巴nt,and the same statistics for each season have 

b巴巴nalso conducted, wh巴reeach s巴asonis de五n巴das follows; the winter covers Janu-

ary March the spring April-June, the summ巴rJuly-S巴ptemb巴rand the autumn Octob巴r-

November. 
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In addition to above, for the statistics in the Kuroshio region, the period has 

been divided into two periods according to the presence or absence of th巴 wellknown 

large meander of the Kuroshio off Kishu and Enshu-nada. We shall call 

Period A : all the period (whole period) 1953-1970 (B + C) 
Period B : large meander absent (A-C) 

Period C : large meander present Oct. 1953-Dec. 1955, Jul. 1959-Dec. 1962 

The characteristics of the Kuroshio not only off Kishu and Enshu-nada but also off other 

districts vary according to the presence of this larg巴 meander.

(3) Geographical unit for the statistics 

The statistics have been carried out for every 15日30'and 1° meshes in longi司

tude and latitude, but only the results of th巴 statisticsfor every 30' meshes are discuss巴d

in this paper. 

(4) Statistical elements 

The vector mean, scalar mean, maximum velocity, stability (vector mean/scalar 

mean) and standard deviation have been computed as the statistical巴lem巴nt.The stand欄

ard deviation is defined newly asσ＝〈σj十σNつ山， whereσE and σN are the standard 
deviations of the east and north components of the velocity, respectively. 

The relative frequency distributions of the current speed in the sel巴ctedeigh-

teen m巴sh巴shave been also computed. 

3. Results of the Sta tis tics for All the Period 

(1) Vector mean, V (Plate 2) 
In the current axial areas, we五nd,as a rule, the considerably lower velociti巴S

than those in the actual current b巴causeof the averaging process in time and space. 

The most parts of the r巴gionsouth of Japan are occupied by the Kuroshio and 

its countercurrent south of it. The regions where vector mean is larger than 0.5 knots 

and 1.0 knot corr巴spondto the Kuroshio r巴gionin wide sense and its axial area, respec-

tively. The mean velocities of the axial 紅白 ofthe Kuroshio southeast of Kyushu and 

near Izu Ridge decr巴aseto the values less than 1.0 knot suggesting th巴 intensevaria温

tion of path of the Kuroshio in these regions, as seen from the pattern of stability shown 

later. Off Kii Peninsula, a tongue-like high velocity area, in which the curr巴ntflows 

southeast，巴xtendsto south owing to the effect of the presence of the large meander of 

the Kuroshio there. 羽Tecan find the several isolated isopleths of 0.2 knots along the 

boundary zone between th巴 Kuroshioand its countercurrent south of it. Especially, the 

warm core south of Shikoku is remarkable. 

In the east巴rno伍ngof the northern Tohoku district, the Tsugaru Warm Cur” 

rent and its extention along the coast ar巴 remarkableas well as so called the second 

branch of the Oyashio along the longitudes of 145'-146。E.

In the Japan Sea, the vector mean in the coastal and offshore branches of the 

Tsushima Warm Current is only 0.2 0.4 knots, and the area in which the vector mean 

is less than 0.2 knots occupies the comarative wid巴 regionin th巴 bothsides of the off” 

shore branches. The low vector mean is du巴 tonot only low velocity of this current 
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but also to th巴 largevariability of the current in time and space. The dispersed cur 

rent branches converge in the southwest巴rnregion of Tsugaru Strait and・ reach about 

0.5 knots in v巴ctormean. Because of the weakness of the v巴locityand small number 

of the data in the regions of the East Korean ¥¥arm Current and in the・ Liman Cur-

rent, we can not五ndde五nitestructur巴s.

(2) Scalar mean, V (Plat巴 3)

The pattern of the distribution of the scalar mean of the current is fairly simi開

lar to that of vector mean in g巴neral,though the detail巴drelationship betw巴巴ntwo ele-

ments may have th巴 characteristicin each current region. 

As a rule, the valu巴 ofV in each mesh is larger than that of V and their ratio 

V/V increases with V or V. Th巴 maximumvalue of V reaches to 2 knots in the axial 

area of th巴 Kuroshiosoutheast of Kii Peninsula. 

(3) Maximum velocity, Vmax (Plate 4) 

At first, we must be careful in the interpretation of Plate 4 showing the distrト

bution of Vmax, b巴causethe larger Vmax appears with increasing number of the data in 

each mesh as巴xpectedfrom th巴巴xtremeproblem and hence, the valu巴sin Plate 4 may 

not mean the actual maximum values. 

We五ndthe high Vmax lager than 4 knots in Kuroshio axial area (including the 

Kuroshio extension) east of Shikoku as well as in the Tsugaru Strait. The highest 

Vmnx arroud Japan may be in the order of 5.5 knots or so. 

Vmax exceeds 3 knots everywhere in the Kuroshio region in wide sense, but there 

is no Vmax higher than 3 knots in the Japan Sea except in the Tsugaru and Soya Straits. 

In general, Vmax in the southeastern half of the Japan Sea exc巴eds1.5 knots but that in 

northwestern half does not exceed 1 knot mostly. 

(4) Stability, S （口V/V) (Plate 5) 

This quantity may be considered as a m巴asur巴 ofth巴 variabilityof th巴 current

direction. The pattern of its distribution is similar to those of V and V, especially in 

the strong curr巴ntregions. 

The larger values more than 0.8 (80%) ar巴 foundin th巴 Kuroshioaxial area 

and even the valu巴smore than 0.9 off Shikoku, Kii Peninsula, Enshu司nadaand in the 

East China Sea. The small values less than 0.4, sometimes l巴ssthan 0.2, are found at 

the coastal region and boundary zone between th巴Kuroshioand its countercurr巴ntsouth 

of it. The values in th巴 Oyashioregion and th巴 JapanSea are small in general. In 

the Tsugaru and Soya Straits, howev巴r,th巴yexce巴d0.8. 

(5) Standard deviation，σ（Plat巴6)
We can introduce another measur巴forthe variabilty of the current other than 

the stability mentioned above. The standard deviation of the curr巴ntis defined as the 

vector resultant of the standard deviations of east and north compon巴nts，σEand σN' of 

the velocity. Horizontal and V巴rticallengths of pl us （十） marks in Plate 6 indicate the 

magnitud巴 ofaE and σN r巴spectively,and th巴五gurebelow plus mark is the resultant 

value，σ（＝－.／王子平王子〉ー
Also σmay be defined as the standard deviation of the scalar quantitiy .dV 1 of 
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the vector anomalies L1Vi from the top of the m巴anvector V to the tops of the indi-
vidual vectors. In the practical computation, we use the root of the invariable variance 

as the standard deviation. 

In general, the distributional pattern of σis also comparatively similar to each 

element already described. The large values more than 1 knot are found in the Kuro-

shio region and th巴Tsugaruand Soya Straits, and the largest values more than 1.5 knots 

are found only in the Kuroshio axial areas off Enshu同nadaand in the Kuroshio巴xt巴n-

t10n. 

In the I乞uroshioregion off Shikoku and in the East China Sea, th巴valuesare 

not so large owing to the large stability in thes巴 regions. This may be expected from 

the simple consideration that large standard d巴viationwill associate with the small sta” 

bility and large velocity or speed of the current. 

4. Characteristic Features of Each Statistical Element in the Period日Band C 

In the period B, th巴 largemeander of the Kuroshio was absent, but small-and 

medium-scale meanders propagated from west to east with the phase velocity of about 5 

nauti. mile/day two or thre巴 tim巴sa year (Nitani 1975). On the contrary in the Period 

C, the large meander of the Kuroshio located off Kishu and Enshu-nada for several years 

almost stationarily associating with the large cold water mass inside of it. In the both 

periods, the distributions of the statistical elements of th巴 curr巴ntas well as other ele-

m巴ntssuch as temperatute and salinity differ from each other. 

As a rule, in the regions to which influence of the existance of th巴largemeander 

may reach, the values of V, V and V/V in the Periods B and C are larger than those 
in all the period (Period A), andσis contrary owing to the comparative uniformity of 

the current in each divid巴dperiod. 

As shown in Plate 7, the ratio of the number of the data used in the Period B 

to that in the Period C is about 3 : 1, in proportion to th巴 durationof the resp巴ctive

periods. Accordingly, the pattern of each statistical element in all the period (Period A) 

is more similar to those in the Period B than in the Period C. 

The detailed characteristic features of both periods (B and C〕inthe Kuroshio 
region will be seen by Plates 8-12, but some remarkable or common features are describ巴d

below. 

At五rstwe can see that the elements in each period are comparatively similar 

to each other within that p巴riodas same as th巴cas巴 forth巴 PeriodA. Accordingly the 

patterns of all elements ar巴 classifiedinto two patterns d巴pendingon the paths of the 

I乞uroshioin the both P巴riods. The paths of th巴 Kuroshioo妊 Shikokuand Enshu・nada

in the Period C locate farther from the coast than those in the Period B and the con-

trary is seen in the Kuroshio region east of Izu Ridge. 

The area of high V巳ctormean in the Period C, e.g. more than 1 knot, continues 

as a belt from the region southeast of Kyushu to o伍ngof Tohoku district, but in the 

Period B such a belt is broken down near Izu Ridge and diverges in the region east of 

Izu Ridge. This phenomenon may be du巴 tothe tendency that the small-and medium-
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scale meanders proc巴巴dingeast grow rapidly in the o伍ngof Enshu-nada being affected 

by the shallow topography of Izu Ridge in certain manner. The complicated topography 

of Izu Ridge also may contribute to the divergence of the flow at the Izu Ridge and east 

of it. 

As indicated by Rikiishi (1977), the path and the mean velocity in the Kuro-

shio extension are more stable and larger in the Period C than in the Period B. The 

same tendency is slightly seen in the Kuroshio region southeast of Kyushu and south 

of Shikoku. 

As a rule, the stability in the Period C is larger than those in the Period B 

and the differences in V, V and th巴widenessof the strong current area in both periods 

are not so remarkable so far as we compare from the statistics, although the strongest 

part of the axial area is found almost to the east and the west of Kii Peninsula corre-

sponding to the Periods B and C, respectively. It is also difficult, from these statistics, 

to say that in which period the average of the actual velocity of the Kuroshio axial area 

at the individual times is stronger. 

For the maximum velocity, the values in the P巴riodB are larger by about 1 

knot than those in the Period C. But considering the difference of the number of the 

data used in the both periods we can not say also that in which period the true Vmax is 

larg巴r.

5. Relationships among the Statistical Elements. 

The relationships among V, V, V/V, Vmax and σand their characteristics in six 

47°N 

4ヴ

IV 
SE of Tohoku 
(Kuroshio Exlenti占n)

30。

130°E 140° 150° 

Figure 1 Subdivision of the region into six representative regions 
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representative regions shown in Figure 1 are discuss巴d. Four of six r巴gionsare in the 

Kuroshio region and other two are in the Oyashio region and the Japan Sea. 

(1) v ,_, v 
The relationship between V and V in巴achregion can b巴 expressedby the equa-
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ti on, 

V口 aV+b, (1) 

especially for Regions I-IV as shown in Figure 2 in which the statistical values in every 

meshes and the regression lin巴sfor all the period (Period A) are indicated together with 

the regression lines for the Periods B and C. The coefficients a and the constant b in 

(1) obtained by the method of least squares and the correlation co巴伍cientb巴tweenV 
and Vin each r巴gionare shown in Table 2. 

v 
↑ 

Kn 
2.0 

円

u

eノ
一

刊

叫

m

J
一
／
が
一
一

JW

グノ

G
m
u
A
8

出
，
，
必
ケ
ノ
一
中
一
一
却

α
1
4
1
一
一

v

nu
・
ノ
引
け
l
l
l
」
－

山

u

り
抑
仏

i
l
l」

幻

わ

・

Mm

（

m

・・

4吋．

E

．1
．一ノグ一－－

G

．
M
．－
 

一V
小
i

・・

M
r

n
u
 

クエー
5

一一一

歩

干

一

V

A
ぃ

l
t

va〆

8

9

C

ポ

汗

－

d
〆

ン

ヮ

d

ヮ

リ

＋

剖

封

ダ

0

0

一V
5

日

J
件
一
V
仰

ベ

川

M
V二

d
札

予

J

剖
－

w
－
w
↓」

ω

レ
引

l

L

P

∞
ω

M
－

d
m
m
 

g
y
v

‘
 ；〆・

Kn 
2.0 (I) 

Off Shikoku 

v 

n
 

uH円
U
勺，

ι

.1.0 

→V →V 
11JKn 1.0 

(VI) 

ずαpanSea 
1.0＇↑ 

n白
《

4Jw
 

《

υ＋ －
U別

v
ハ吋勺，ハυ一iv

しムv
 

－M
－
J
u
r
e
 

内－

X
L
L占

0.0 (aKn 1.0 

n
H
l
l
 

K
6
 
n

4

 

・仰

ω

；

＋

 

。

一
N

R

・

M
叫

川
mu

・

M

h
H

・
・

7
・

J

S

イ
l
l
L

q

一一長：一；

、J
－

・

2
1山・3ht十

円
司
ぺ
一
ぷ
↑
一
．

v
f
一？

K
A凶
1
1
1
1
1
1川
叶
1
1
1
1
1
1

F
D
 

内‘JV

’

nhu

・

，

白

t

／

O

n凶

γ／
〆

一

加

巾

日

Y

8

w

ι

H

 

h
v
o
a
河
川

〆
＝
一
－

H
k

rぃノ戸
V
一ゃ

M

M
仁

ト

－－
M
F

・
ノ
一

－－－
t
u
F
L
・
一

1
2
4
〆
ペ

－－－－－－一，
a

，，

－

Y
／
シ
・／
・／
 メリパ

(5Kn 0.0 

u
 

iun 
0
 
・h
H

川

w
h
I
f
 

（

O
 

C
」cu 

o’
n
「

n
u
u
n
n
u
 

η
，ι
 

一V
A｜

1β 

→V →V 

1伊

→V 
lll附1

Relationship between V and V with the statistical values in the 
Period A and the regression lines for the Periods A, B and C 

1.0 0.0 0.0 lBKn 1.0 

Figure 2 

0.0 

The correlation coe伍cientsin the Regions I III and the Region IV are larger 

than 0.9 and 0.8 respectively, and those in the Oyashio r巴gionand the Japan Sea (Re-

gions V and VI), where the currents are not so strong, are small. 

The values of a in the all regions are less than unity meaning that the increase 

of V in each region is larger than that of corresponding V owing to the increase of the 

conv巴rgenceof the dir巴ctionof th巴 currentwith increasing velocity. 

The values of b in Table 2 suggest that even if the de五nitecurrent is absent 

in the seas adjacent to Japan, there exists the current of about 0.5 knots on the average 
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having no definite direction. 

Relation between V and V Table 2 
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or 

b 
1ーマヂ
S＝一一一三一一
a 

(3) 

where・ a and b are characteristic valu巳sin each region. 

From this relation, Stability S increases with increasing V or V and decreases 

with increasing a and b. The computed values by (2) accord with the statistical values 

fairly well (Figure 3). In the Kuroshio axial area, especially in th巴 RegionsI and II, 

we can五ndlarge S owing to the high velocity. Also, in th巴 Kuroshioregion S is 

larger in the Period C than in the Period B due to the comparatively small a and b in 

the Period C as shown in Table 2. 

In the Oyashio r巴gion,the stability is less than 0.5, in general, in spite of very 

small a, because V is less than 0.5 knots exc巴ptin several meshes. In the Japan Sea, 

S is also small巴XC巴ptin and w巴stof the Tsugaru Strait, becau~巴 V is small and a and 

b ar巴 notso small in this region. 

(3〕 σ～V,V and S 
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we get from (4) 

a'= ¥12+1-会CLlvi)' -V2 . 
n i国 l

Here we assume that 
1 1l 

二＇：...~（ Llvi ）＇ ロα＇ a' ' 
?li=l 

where a' is coe伍cientto be determined empirically. 

If this assumption that the variance of the scalar is proportional to that of the 

(5) 

(6) 
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velocity is usable, we get 

σ2ロ己F伊 －v・〕 (7) 

Substituting (1) into (7), 

or 

σ・＝＆｛（a2-l)V2十ZabV+b'} Cs) 

σ＇＝一＿＿］＿一一｛〈α2-l)V2+ZbY-b2}
'(1ーαつ (9) 

is obtatined with regard to V or V tog巴therwith a and b. 
1 11 

To make sur巴 ofthe availability of the assumption in (6）， σ2 and 与fj(Llvt)'
7l i~l 

in eighteen m巴sh巴s(Figure 4) for all the p巴riods巴lectedfrom places on the axial areas 

of the Kuroshio, Oyashio and Tsushima Current and both sides of th巴 Kuroshioaxis in 

the Regions I and II are plott巴din Figure 5. vVe get approximately linear. relationship 
1 11 

between a' and 云~fLlvt)2 The v山 eof a:' is 0.45 for the Kuroshio region (Regions 

I-IV) and 0.30 for the other regions. 

Through the diff巴rentiationof (8) or (9) with V or V respectively, we can easily 

五ndthatσbecomes maximum when 

(10) 

or 

v b 
1－α2 (11) 

The relations between σand V are shown in Figure 6. The d巴viationsof the 

statistical values. from the curves calculated by (8) seem to be larger in some extent 

than the cases of V～V and V～S, especially for the range of large V in the Regions 
V and VI. Small values of the regression coefficients betw巴enV and V in the Oyashio 

region and the Japan Sea, which lead to rough estimation of a and b, may be one of the 

reasons. 

2.0~ 
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Figure 7 Value ofσas the function 

of V and V 

(all period) 

→V 
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Figure 8 Value ofσas the function 

of V and S 
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As seen from (7）， σmay b巴 alsoexpressed by V and V, and it increases with 

increasing V and decreases with increasing V (Figur巴 7).

Mor巴over,we get 

fl /I二百五
σ＝ー）一一τ (12) S v 1-a 

from (7) with the use of V and S. It is seen from Figure 8 that σincreases with in-

creasing V and decreasing S as can be expected by th巴 simpleconsideration. 
The value of σdecreases with increasing V in Figure 7, but it increases with 

increasing V in Figur巴 8. This may be seemed to contradict to each other, but this ap-

parent contradiction is due to the fact thatσis regarded as the function of V and V or 

V and S, where V and S are the functions of V as show in (1) and (2). According to 

(2), (3), (8) and (9), S and σare巳xpressedby a, b and V or a, b and V, or in other 

words by V and V basically, wher巴 aand b regulate the relationship between V and V 

in each region. 

(4) Vmax～V 

Th巴 ratioVmax/Y is about three on the average in each region as shown in Fig-

ure 9. However, so far as there is large difference in number of data used in each mesh, 
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it is better to use the averag巴 ofthe highest valu巴sof the certain perc巴ntagesinstead 

of Vmax as a statistical measure of the highest speed, though the vector sense will be 

ignored. 

Figure 10 (i) shows th巴 mean,upper and lower limits of V x%/V100% by the use 

of data in the sixt巴巴n selected mesh巴sarround the . Japan shown by white squares in 

Figure 4, where th巴 scalarmean of the highest x% of the total number of th巴 datain 

each mesh is written with Yx%・ Theratios Y1%/Y100% in all meshes fall in the range 

of 2.5 5 and their mean is about 3.0 nearly coinciding with Figure 9. 

As shown in Figure 10 (ii), the ratios V x%/Y100% on th巴meanaxial area of th巴

Iζuroshio off Enshu-nada in every statistical periods are less than those in the both sides 

of it owing to the large effect of the shifting of the curr巴ntaxis to north and south from 

time to time on th巴 increasesof ratios V x%/Y100% in the both sides of the axial area, 

巴speciallyfor the rang巴 ofsmall valu巴ofx. 

6. Relative Frequency Distribution 

The relative frequency distributions in the eighteen 301 mesh巴sshown in Figure 

4 with square have been computed with every interval of 0.4 knots of the speed (Figure 

11). 
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5. 

The distribution curves in the I・乞uroshioaxial area off Shikoku and Enshu慣nada

show the different modes in each statistical period. In the Period C, in which the large 

meander of the Kuroshio exists, the distribution curve shows rough normal distribution 
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in general, though that in the range of high velocities does not always coincide with it. 

On the other hand, the curve has two peaks, especially off Enshu・nada,corresponding to 

low and high sp巴edranges (about 0.7 1.1 and 2.3-2.7 knots) in th巴 PeriodB. These 

modes are shown in Figure 12 with the use of normal probability paper. 

In the Period A, the curv巴 foraxial area of the Kuroshio off Enshu-nada also 

has two peaks. All curves for the places of inside and outside of the Kuroshio are bi旬

ased to the low巴rspeed side. These distributions are nearly logarithmic normal distribu-

tion according to the tests by the logarithmic normal probability paper. 

The curves for th巴Kuroshioaxial areas in the East China S巴aand the Kuroshio 

extension as well as the Oyashio r巴gionand the Japan Sea are also nearly logarithmic 

normal distribution. This coincides with th巴 reportof Paquett巴（1972). He indicates 

that the probability distribution of the currents observed by moor巴d巴urr巴ntmeters are 

nearly logarithmic normal distribution (i.e. 34 out of 43 cases to 5% significance or better). 

7. Seasonal Variation 

The s巴asonalvariation of each statistical el巴mentin the Kuroshio region (Re-

gions I-IV) is not neglegible. It has been alr巴adypointed out that th巴 velocityof the 

Kuroshio axial area has the seasonal var匂tion(Masuzawa, 1960 and 1965; Taft, 1972; 

Nitani, 1969 and 1975). 

As shown in Figure 13, the annual variation of each statistical element is clear. 
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V and Vm日 havesimilar pattern except in the Region IV, and their maxima app巴arin 

early and mid summer and minima in mid and late autumn. The pattern of V is a little 

different from those of v and v max・ Thes巴 patterns,however, progress from the Region 
I to th巴 RegionIII (west-east) sp巴nding1-2 months in accordanc巴 withthe results of 

Taft and Nitani. 

The minimum of the stability and the maximum of the standard deviation start 

the R巴gionI in winter and spring and reach to th巴 RegionIII in spring・ and summer, 

respectively. The maximum of the product of standard deviation and th巴 reciprocalof 

stability, a/S, which can be considered as a comprehensive measur巴 ofthe variability 

of the velocity and w巴 callit the variability tentatively hereafter, starts the Region I 

in late winter and r巴achesto the Region III in巴arlysummer with a mean phase velocity 

of about 3.5 nauti. mil巴／day. This value is less than the value of 4.8 nauti. mile/day, 

which is the mean easterly phase velocity of the small-and medium-scale meand巴rsbe-

tween the o伍ngsof Shikoku and Enshu-nada (Nitani, 1975). Taking account of the facts 

that they may take much time to across th巴 IzuRidge and that the statistical p己riodin 

Figure 13 includ巴sthe Period C (large meander present), in which large meand巴rhas 

phase v巴locityof n巴arlyzero and the appearanc巴 ofthe small-and medium-scal巴 mean-

ders is very rare, the averaged phase velocity b巴tw巴巴nthe Region I and th巴 RegionIII 

mentioned above may be appropriate substantially. We can not find the farther progres-

sion of the variability of the Kuroshio from the Region III to the Region IV where an-

other motive force relating to the Oyashio region might act in certain manner. 

8. Concluding Remarks 

Although each element has own characteristic distributional pattern in each m‘ 

gion, but the pattern of each element is similar to each oth巴rwithin th巴 samer巴gion,

巴speciallyin th巴 Kuroshioregion. 

According to the consideration in Section 5, V is linear funcsion of V, and other 

two elements, S and σ，are the comparatively simpl巴 functionsof V and V or V and 

the constants a and b which have the specific values in th巴 individualregion shown in 

1.0 1.0 

b 

0.5 

0.5 1.0 
Q 

。5α 1.0 

( i ) ( jj) 
Figure 14 Relationship between a and b in each region and the value 

of σ／S as the function of a, b and V for the Period A in 
(i) and the Periods B and C in (ii) 
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Figure 1 and regulate the linear relation between V and V in that region. This may 

b巴 themain reason for the similar distributional pattern of each element in individual 

region, especially in the Kuroshio region. Thus, the characteristical constants a and b 

in (1), together with V, are th巴 basicquantities for the various characteristics of the 

current in each region including the variational characteristic of the curr巴nt.

The relation between a and b of each region is shown in Figure 14 togeth巴r

with the valu巴 ofthe var匂bilityσ／S. The rough linear relation is found in the Kuro・ 

shio region in each period, though the reason for its mechanism is unknown. 

The values V, S and σare the functions of V and 〈αV+b). Also σメSis巴x-
pressed by 

ムl~f包主主主ー（av十b)21r', (13) 
S L iーα“l r; I」

as th巴functionof V and 〈αV十b)together with a'. According to Figure 14, the vari-
ability σ／ S becomes larger with increasing a and b, and in g巴neral,it decreases with 

increasing V for not so large a. 

In the Kuroshio region (Regions I-IV) except Region IV for the case in which 

V is 0.5 knots (in Figure 14), the variability b巴comeslarger with the distance from the 

Region I in巴verystatistical p巴riods. Mor巴over,in each region the variability in the 

Period B is larger than that in the Period C, especially for the Region III and IV. Ac-

cordingly, Figure 14 may be one proof for the facts that the small-and medium-scale 

meand巴rsof the Kuroshio progress to east increasing their scale with the distance in th巴

Period B, that these meanders occur less frequently in the Period C than in the Period 

B and that even if they occur they hardly reach to the Region III across the Izu Ridge 

in th巴 PeriodC. 

Further statistics such as those on the long-term variation of each element will 

be conducted in the future. Also, preparation of atlases with use of the statistical results 

for ev巴ry15' meshes in latitude and longitude after more accumulation of GEK data 

may b巴 useful. For the analysis of the statistical results, th巴 reconsiderationin select-

ing or subdividing of th巴 representativeregions not only for the Kuroshio region but 

also for the other r巴gionssuch as the Japan Sea and the Oyashio region may be n巴ces-

sary for our more appropriate understandings of the currents from the view-point of the 

stat1st1cs. 

The authors are ind巴btedto all members of Japan Oceanographic Data Center 

(JODC) for carrying out of this current statistics and preparation of the manuscript. To 

Dr. Akira M. Shinzi, Hydrographic Department, we are also indebted for his critical read-

ing of the manuscript. The authors wish to express their hearty thanks to all Japanese 

scientists who have engag巴din the oceanographic investigations for their efforts to accu司

mulate the vast current data. 

Reference 

Hydrographic O飴ce,US Navy 1964: Atlas of surface currents, Northwestern Pacific Ocean, H.O. 

Pub. No. 569, 1-12. 



STATISTICS ON  THE CURRENTS ADJACENT TO JAPAN 73 

Hydrographic O伍ce,Japanese Navy 1935: Atlas of the currents in the seas adjacent to Japan, 

Secret Pub. No. 555 1048, 1-22. (in Japanese) 

Hydrographic Office, Japanese Navy 1936: Atlas of the currents in the North Pacific Ocean, No. 

6031, 1-4. (in Japanese〕

Masuzawa, J. 1960: Statistical characteristics of the Kuroshio current, Oceanogr. l'vlag., 12, 7-15. 

Masuzawa, J. 1965 : A note on the seasonal variation of the Kuroshio velocity, J. Ocea11ogr・.Soc. 

Japan, 21, 117 118. (in Japanese) 

Nitani, H. 1969: On the variability of the Kuroshio in recent several years, Bull. Japan Soc. 

Fish. Ocea11ogr., 14, 13-18. (in Japanese〕

Nitani, H. 1974: Effect of the Kuroshio system on the sea level at the southern coast of Japan, 

Rep. Hydrogr. Res., No. 9, 51-70. 

Nitani, H. 1975: Variation of the Kuroshio south of Japan, J. Oceanogr. Soc. Japan, 31, 154-173. 

Paquette, R. 1972 : Some statistical properties of ocean currents, Ocean Eng., 2, 95 114. 

Rikiishi, K. 1974: Note on the Kuroshio meander, J. Oceanogr. Soc. Japan, 30, 42-45. 

Rikiishi, K., Umatani, S. 1977: Characteristic features of th巴Kuroshiowith and without the cold 

water mass south of Enshunada, Rep. Res. Inst. Appl. lvlech., XXV, No. 79, 79-101. 

Taft, B. 1972: Characteristcs of the flow of the Kuroshio south of Japan, Kuroshio・Itsphysical 

αspects, Ed. H. Stommel and K. Yoshida, Univ. Tokyo Press, 165 216. 

US Naval Oceanographic Office 1964: Ocean currents in the vicinity of the Japanese Islands and 

China Coast, 2nd edition, Pub. No. 237, 1-14. 

US Naval Oceanographic Office 1977: Surface currents, Nor叫 PacificOcean and Sea of Japan, 

NOO SP 1402, 1-18. 



＼』J
」J

130 135 140 145 

45 

1 2 I‘1 I 1 

40 

35 

1 3 

2 1 

1 3 I 3 • 
30 

1 I 1 2 1 

6 I 2 1 112 111 211 212 212 211 ¥ 1 1
 

1
 

1
 

1
 

s12 I 212 311 112 111 112 111 

1 11 I 2 1 I 2 3 I 1 1 I 1 2 1 I 3 3 1 I 2 1
 

1
 
1
 
1
 

1 I 3 6 I 1 1 2 I 1 t I 1 < I 1 1 I 1 

ゐ 8 ｜ ゐ 1 I 2 t 1 • I 2 

• I 3 1 I 3 1 1 I 3 1 I t 5
 、

2
 

1
 

1
 

3・ I • 2 I 1 1 I 3 2 I 1 1 

2 21• 313 213 212 1 1 2 I 2 

1 613 513 • 1 1 1
 

1
 

1
 

1
 

2 I 1 2 1 2 1 1 1 I 1 
25 

s 1 Iゐ 2 1 I 2 1 I 1 ’ 1 

2 2 I 6 2 2 I 2 s I 1 2 1
 

1
 

1
 

s • I • 311 • 3 I 1 

3 3 I 2 312 212 2 3 2 

130 135 140 145 

Plate 1 Number of the data used in the statistics for all the period (Period A) 

45 

じ？

40 

35 

30 

25 

、d
口、



45 

40 

35 

30 

25 

130 

よ I.!. Iふ

o!• o'.. Iムム｜ ム
J← 

130 

'--" 

・、、
C0.8) 

135 

135 

Plate 2 Vector mean V for all the period (Period A) in knots 

～ー／

140 145 

140 145 

40 

35 

30 

25 

、3、a



＼ー〆 、』J

130 135 14日 145 

O.b) 0.3 0.6( O.< CO.<!C0.7X0.6 

45 45 

。

40 40 

35 35 

<o.•

30 

干「寸 l''ot°'111 I I初
ぅ.＇1 C0.7 

／ 

I 0.8 (Q. 7 (0.8X0.4 

ノ (0.8) 0.5 CO.b 

C0.9 

…I I I I 11 ・0 
叩.9J I I I <o.•:i:o.•>

トーー一一一
0.7) (0.9) 

25 
25 

0.7 

130 
5 1 1~ ］ 1111 t 

135 140 145 

仁O.b

0.7X0.9 

、0

Plate 3 Scalar mean V for all the period (Period A) in knots 



＼ー〆
、』J

130 135 140 145 

45 45 

♂ 

40 40 

35 35 

1.11《t.6)

＼、

ε1.3: 

( 

30 30 

、、－
(1.6) 

¥ 
旦ょ

／／  
ζ’・o o.a 、‘

《o.叫

I 

3
 
7
 

L
－
 e
 

《
{, 

，〆

＼ 

25 25 

ぷ ct.<t> 

I 

ムロ｜ιムl)., 《’.2) 目1・2 
130 135 140 145 

00 
炉ー

Plate 4 Maximum velocity Vmax for all the period (Period A) 



、』J 、－〆

130 135 140 145 

45 45 

40 

35 35 

000) 

54 

30 I 17 ，討 I !'.lr¥ I 、』ド I I 111γ ：，，司 7 ＼ lに よ，み’
。。叫8日口引｜

I 30 

I ., •• 1叩
C84) Se 帖 60

•• 
bO 。00)
sq ('U,) (59) , •• , 

(70) 14 Cb4) 

57 61 •• 
(83) CS&> 

(lib) 93) C7b) cq2> 

砧 ~， 日 S~ ，..，
(J6) (66) 

I 25 

•• C7b) 

24 •• 
•• .., : 64 (93) C7b) cq.o (92) 

7b> ca;s cqe> 

130 135 140 145 
el 

Plate 5 Stability S (=V/V) for all the period (Period A) inψ 



85 

U) 司，

U) 

C』
Cコ
ド3

U) 

マ

2
0ロ
ぷ
口
一
（
〈
匂
O
口
U
仏
）
同

U
2』
U
Q
U
Z
H
Z伺
』

O
同

b
ロ

o
Z冊
目
〉
む
℃
℃
』
伺
甘
口
司
＃

ω

ロ
マ

＋
 
＋ 

d 

＋
 

。＠．。内
h
h
F

．。

＋

aE 

司
d叶
－
 

F
6

・ou
十

主＋ 。
乞コ、，r

ミ£コ

U
M
同
一
仏

U) 

"' 

0 

"' 

e

－O
》

＋
 

．．
 
。
＋
 

U) 。』Cコ

"' 
U) 

ドラ
乞コ
司a「

U) 
可~

U) 

"' 

ロ
ド3



130 135 

1 I < I 6 7 I 12 66 I 2ゐ 31 I 76 60 I 23 

。
2 6 I 12 3 I 22 1• I'' 16 I≪ 06 I <6 

6 I 1 • 60 I 6< 16 I 36 76 I 11 ゐ2 1 .. 

< 2 I 63 

I I 3 3 I <0 22 

7 I" 
35 

140 

35 35 

130 135 

)., J,¥ ,¥Iι コ｜三，！.Iコミ1,1,/,1/, ~区三I 2:1 
;.: I.! .. :.Jコ乙I/, :.: I /, .＼。｜二二I（，α合J
引ロムI)。川／， ~I 1¥ :;Iココ｜乙

87 

140 

却 I ~部防空I t tいi:t11, r ｜｜｜｜｜  
130 135 140 130 135 140 

130 1 35 1 40 130 1 35 1 40 

6 1 • 32 <O e I< <I 17 
0 I - / I R '-- J c:n’ 1 I¥ o 

6 • 36 6 23 .. " 

> 1• 6 

包I 6 

I I 35 35 

; I I I Iぷ
子。 1re-_ r""; 1 ｜バ山中 山 「lノア｜ノ円 引 いハ ( 

1 • I 6 I I 札 l~ l 可 l ,, 17-__ ]...Jf"""フ 「 W 〆 1"1..-IZI-. I／ 円 ＼ U I I I ）三！. ...___ 

~ I ~ : I ｜？？防｜ 必死主主沢松詞ご河川｜ツ｜ 1.,1, ~ 
0.6 

ゐ 2 I 2 I 
30 30 

e I 3 

I I I I I ’I I 
130 135 140 130 135 140 
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Plate 9 Vector mean V for the Periods B (upper) and C (lower) in knots 
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Plate 10 Scalar mean V for th巴 PeriodsB (upper) and C (low巴r)in knots 
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