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Temperature-salinity frequency distribution of
the upper 10 m water of the Japan Sea”

Hideo Supo**

Abstract: The Japan Sea except the northwestern part is divided into four areas according
to seasonal variation pattern of sea surface temperature and salinity. Monthly
temperature-salinity characteristics at the sea surface and at 10 m depth are examined by
use of relative frequency distribution in bivariate class of 1°C X0.2 (% or psu) in salinity
for each of four areas and for the whole study area. Two modes are seen in the frequency
distributions nearly through a year because a frontal zone exists in the central area where
cold, low salinity water of the north contacts warm, high salinity water of the south. The
eastern part of the frontal zone occasionally extends northeastward along the Japan coast
and there occurs another weak mode representing a little warm water in the southeast of
the zone or in the west of northern Japan. The most frequently occurring water at 10 m
through a year has characteristics of 5-13°C, 34.0-34.2, partly 33.8-34.0 or 34.2-34.4 seen in
the south of the frontal zone mostly during January to May. Other significant waters are
the coldest water centered at the class of 2-3°C, 33.8-34.0 occurring during December to
April and the warm water of 17-21°C, 33.8-34.2 appearing mostly during July to December.

1. Introduction

The Japan Sea is a mid-latitude marginal sea
located in the northwest of the North Pacific;
large annual variations of sea surface tempera-
ture (SST) (exceeding 15°C) occur in the sea.
Besides, sea surface salinity (SSS) shows wide
variations, both annually and interannually, ac-
cording to the salinity value of the Tsushima
Warm Current water entering from the East
China Sea and to fresh water amounts supplied
by river discharges from the surrounding land.
If sufficient hydrographic data are provided, we
can estimate monthly means of both SST and
SSS with their standard deviations for every
unit area, e.g. 1 degree square. Their annual
variations are given by monthly means through
the year; their standard deviations show com-
posites of spatial and interannual variations.
Mapping of monthly mean SST and SSS of the
Japan Sea with their variations Chereafter re-
ferred to as SuDO’s Mapping) are now under
way to be published. Temperatures and salini-
ties are separately presented in the mapping.
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The only dominant surface water of the Japan
Sea is the warm, saline Tsushima Warm Current
water; colder, lower salinity waters occupy a
great portion of the surface of the sea and occa-
sionally extremely low surface salinities are
found not only near mouths of rivers but also
far offshore. Low sea surface salinities affect
SST values because of high vertical stabilities.
In the open sea surface waters with low
salinities are liable to be warmer or colder ac-
cording to heating by inflow of solar energy or
cooling by long wave radiation, conduction and
evaporation; coastal waters show great varia-
tions in temperature through land heating or
cooling and in autumn to spring waters dis-
charged from rivers are colder than ambient sea
surface waters. Therefore, SSS and SST are not
always independent in the Japan Sea.

In order to show variation of SST and SSS,
bivariate distributions are more useful. Volu-
metric potential temperature (6)-salinity dia-
grams of the Japan Sea have been already
provided for each of four seasons and through
year (Yasul et al., 1967). Since surface waters
are small in absolute volume and show a wide
variation, volumetric analysis is not always
adequate for description of surface water
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characteristics. This report uses relative pre-
sentation of 7-S distributions of the surface
water for every calendar month. The oceanic
domain of the sea with enough observations in
divided into four areas according to sea surface
water characteristics; the distributions are ex-
amined for each of areas and for the whole do-
main. Frequencies at 10 m depth as well as at
the sea surface are made to examine the struc-
ture of the surface mixed layer.

2. Data and analysis

I have tried to use all available historical
data, but about 15,000 stations taken at least
before and during the World War II are not ade-
quate because of bad quality. Almost all of the
stations taken during 1952—-1988 (including
partly in 1989 and 1990) are provided for the
present analysis; more than 400 stations, about
2600 to 4400 stations since 1966, have been occu-
pied in the Japan Sea including the Tsushima
Strait region every year during the period.
About 74,000 out of more than 110,000 stations
taken since 1924 in the Japan Sea including the
Tsushima Strait region are used for the present
analysis. Details of data sources will be de-
scribed in SUDO’S Mapping.

The northwestern part off the North Korean
and the Russian coasts north of 38°30’N, where
few available data have been taken since the end
of the World War II, is excluded from the area
for the analysis. The coastal areas from 135°E
to 44°N, the Wakasa Bay and further northeast,
are excluded as well, because surface water char-
acteristics are seriously affected by river dis-
charges. Some districts bounded by coastal
lines and every half degree meridians and/or lon-
gitude lines are also excluded, because fewness
of observations or locality of watercharacteris-
tics. Hereafter, the area for the analysis, bor-
dered with heavy solid lines in Fig. 1, is referred
to as the whole area or the whole study area.

The whole area is divided into four areas by
characteristics of annual variations of SST and
SSS (Fig. 1). The whole area does not include
the southwestern half of the Area I, west of
129°30°E and south of 34°30°'N. For some por-
tions of other three areas in which insufficient
hydrographic data have been obtained, 7-S fre-
quency distribution analysis is excluded from

the areas and included for the whole area.
Some near-coast districts along the Japan
Islansd, still showing coastal water characteris-
tics (Fig. 1, hatched portions), cannot be ap-
plied to any of four areas; 7-S frequency
distributions for these districts are used only
for the analysis for the whole study area.

For each calendar month, 7-S frequency dis-
tributions at the sea surface and at 10 m depth
are determined for the unit area, every 1°
square, partly 30’ square or 1°X30’ rectangle. It
is assumed that the relative 7-S frequency dis-
tribution based on the samples taken through
the month for each of years has an equal weight,
a reciprocal of number of observation years, re-
gardless of number of samples. 7-S values ob-
served are classified into every 1°C X 0.2 (%o or
psu) bivariate classes and their relative frequen-
cies are accumulated in their corresponding
classes for each of calendar months for each of
unit areas. Then, the relative frequencies for
each of four areas are obtained by averaging the
relative frequencies for unit areas according to
area size. In the same way, the T-S frequency
distributions for the whole area are yielded
from the distributions for four areas including
insufficient data portions and for near-coast
districts excluded for four area analyses and ex-
cluding the southwest of the Tsushima Strait.

The class intervals of 1°C and 0.2 (%, or psu)
are adequate because standard deviations of
temperatures and salinities of the water enter-
ing the Tsushima Strait are mostly about 1°C
and 0.2% for the monthly means (OGawa,
1983). These standard deviations must include
time variations among the month and interan-
nual variations besides spatial variations as fre-
quency distributions will show in section 4. At
about 10°C, an increase in 0. with a temperature
decrease of 1°C is equivalent to that with a sa-
linity increase of 0.2 psu; therefore this 7-S
class interval ratio is reasonable in density
variation.

3. Division of the sea area

The oceanic domain of the sea with enough ob-
servations is divided into four areas according
to sea surface water characteristics of unit
areas (1 degree squares or half degree squares)
(Fig. D).
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Fig. 1. The area for calculation of temperature-salinity frequency distribution. The
area bordered with heavy solid lines is the whole study area, for which a north-
western part of the Japan Sea is excluded. Each of four areas 1-IV are bounded
by heavy dashed lines and some heavy solid lines. For one degree squares with
parenthesized area numbers, annual variations of T-Srelations at the sea surface

and at 10 m depth are shown in Fig. 2.

The 7T-S frequency distribution analysis

for shaded portions with insufficient data is not made for each of Areas II, Il and
T-S relations for

shaded and hatched portions are used for the analysis of the whole area analysis.

IV. Hatched portions are not included in any of four areas.
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Fig. 2.

Annual variations of monthly mean temperature-salinity relations at the sea

surface and at 10 m depth for 1° squares selected for (a) Area I, (b) Area II, (c)
Area I and (d) Area IV. The 1° squares are shown in Fig. 1.

Examples of annual variations in the T-S rela-
tion at the sea surface and 10 m depth for the
four areas are shown in Fig. 2. This division is
purely tentative and would not be applied to the
remainder of the Japan Sea.

Area 1, the Tsushima Strait (Korea Strait)
region, is defined as the area in which monthly
mean SST is 13.0°C or more and monthly mean
SSS is 34.5 or more both in February and in
March (Fig. 2a). Variations during December
to May are small; the ranges are 4-5°C in tem-
perature and less than 0.4 in salinity. In par-
ticular, the mean SST and SSS show little
variation in January to April. Long winter and
small winter variations are common features of
surface water characteristics of the Japan Sea.
In other seasons, in June to November, monthly
mean SSS decreases rapidly with monthly mean
SST.

Area 1I is the southwestern part of the Japan

Sea, a fan-like area between the San-in coast and
the Korean coast. It is defined as the area in
which the monthly mean SSS shows 34.2 or more
in April or May and decreases to less than 33.0
in any or both of August and September (Fig.
2b). Basically, the pattern of the annual varia-
tion of surface water characteristics is not dif-
ferent from that in Area I except that the
water is fresher in the cooling season than in the
warming season for a specified temperature.
Area II is the central part of the sea, a vast
area ranging from off the eastern San-in coast
and north of the Wakasa Bay to 42°N off the
shelf of Primorye (Enkai). It is defined as the
area in which the monthly mean SSS with annual
range of 0.5 or more shows 34.0 or more at least
in one of April to June and 33.0 or more both in
August and in September (Fig. 2¢). The annual
range of the monthly mean SST amounting to
15°C or more is the largest of the four areas.
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Table 1. Figure numbers of temperature-salinity frequency distributions
shown in the present paper.

Whole Area Area | Area Il Area (il Area IV

Om 10m Om 10m Om 10m Om 10m Om 10m
January - - - - - - - - - -
February  Fig. 3a - - - - - Fig. 3b - - -
March Fig. 6a - Fig. 6b - - - - - - -
April Fig. 7a - - - - - Fig. 7b  Fig. 7¢ - -
May Fig. 8a - - - - - Fig. 8b Fig. 8¢  Fig. 8d -
June Fig. 9a - - - - - - - Fig. 9b -
July Fig. 10 - - - - - - - - -
August Fig. 11a - - - Fig. 11b Fig. 11c - - Fig. 11d -
September Fig. 12 - - - - - - - - -

October Fig. 13 - - - - - - - - -
November Fig. 14 - - - Fig. 18 - - - - -
December Fig. 15 - - - N - . R - .

(a)
Whole Area February 0 m 5064 stations
-2 -1 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 (°C) Total

-32.0 0 0
32.0-32.2 1 1
32.2-32.4 1 0 0 1
32.4-32.6 0 0 0
32.6-32.8 0 0
32.8-33.0 0 ]
33.0-33.2 1 1
33.2-33.4 0 1
33.4-33.6 2
33.6-33.8 15
33.8-34.0 113
34.0-34.2 0 502
34,2-34.4 2 0 251
34.4-34.6 5 1 76
34.6-34.8 6 2 0 32
34.8-35.0 1 0 5
Total 1 1 87 62 60 57 60 34 39 68 87132 119 81 58 36 14 3 0 1000
(b)
Area 1l February Om 1884 stations
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 (°C) Total
33.0-33.2 0 0
33.2-33.4 -
33.4-33.6 0
33.6-33.8 [ 9
33.8-34.0 15 14 49 0 143
34.0-34.2 7762 26 0 596
34.2-34.4 2 2 A 0 229
34.4-34.6 3 19
34.6-34.8 0 2
34.8-35.0 0 1
Total 94 68 68 42 38 34 42 75 94 182 153 77 32 1 - 0 1000

Fig. 3. Temperature-salinity frequency distributions at the sea surface in February
(a) for the whole area and (b) for Area Il. Relative frequencies in per mille are
shown in bivariate class intervals of 1°C X0.2 (% or psu). The range for which
summed frequencies are not less than 75% is shown in shaded areas and constitu-
ents of the range of not less than 50% in italics. Italics of total frequencies for each
of temperature and salinity denote constituents of the range of not less than 90%.
The frequency ‘0’ means a frequency of less than 0.5 per mille (0.05 per cent).
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The pattern of the annual variation of the 7-S
relation can be identical with that in Area 1 ex-
cept for smaller salinity range.

Area IV is the northeastern part of the sea,
west of the northernmost Honshu and Hok-
kaido. It is defined as the area in which the
monthly mean SSS shows the maximum 34.0 or
more in winter and its annual range is less than
0.5 (Fig. 2d). Observations have been sparse in
the western half portion. The example is taken
from the near-coast district with sufficient
data.

The features described above are nothing but
the results based on the monthly mean charac-
teristics. Fluctuations among the month and
the area and interannual variations are not
shown. They can be shown in the 7-S frequency
distribution as overall variations.

4. Seasonal variation of temperature-salinity
frequency distributions

A total of 120 T-S frequency distribution fig-
ures are provided; significant ones of them are
shown in the following (Table 1).

Because of lack of data in most parts,
temperature-salinity frequency distributions for
January are not presented in this paper.

The frequency distribution for the whole area
in February clearly shows two modes (Fig. 3a,
[0-1°C, 34.0-34.2], 7.0% and [9-10°C, 34.0-34.2],
6.4%). These two modes are more noticeable
at 10 m (7.5% and 6.8%). This is due to the ex-
istence of the polar front indicated by a sharp
meridional gradient in SST found between 39°
and 42°N (Isopa et al., 1991). The value of the
cold mode is only 7.7% in Area I (Fig. 3b), the
central part, because a smaller portion of the
area occupies the north of the polar front. The
warm mode is conspicuous in Area M (9.2%).
The mean SST distribution in February (Supo’s
Mapping) shows that four every one degree iso-
therms of 9-12°C, extending roughly zonally
from the Korean coast to the Japan coast be-
tween 36° and 39°N, make a little broad zones
between meighboring isotherms. The distance
between east and west coasts or zonal width of
the Japan Sea increases with latitude; therefore,
the northernmost zone between 9 and 10°C is the
largest area. In Area II, the southwestern
part, the distribution has the mode [11-12°C,

34.2-34.4] (10.1%). The mean SSS in February
decreases northeastward from the Tsushima
Strait and an isohaline of 34.2 runs with an arc
shape from 38°N at the eastern coast of Korea
to the west of the Wakasa Bay. In the whole
study area the mean SSS in February is more
than 34.0 except the northwestern part and near
the Japan coast east of 135° E. A water with
a salinity of 34.0-34.2 exceeds 50% of the whole
surface water (Fig. 3a, the rightmost row) and
amounts 60% in the central parts (Fig. 3b).
The mode in Area I, the Tsushima Strait area,
is [14-15°C, 34.6-34.8] (14.4%) in February as
expected from Fig. 2a. A weak mode [4-5°C,
34.0-34.2] (5.2%) in Fig. 3a corresponds to the
mode at the same class in Area IV (22.4%), the
northeastern part. Probably this represents
the Tsushima Warm Corrent water at the sea
surface west of Hokkaido, but the relation be-
tween the water and the polar front is not clear.
The bivariate classes containing at least 50%
and 75% of the surface water of the whole area
are 11 and 21 in number, respectively (Fig. 3a).
The 75% range is about twice the 50% range in
class number regardless of area, month and
depth; however, the number of classes for the
sea surface is about the same or a little more

RANGE CLASSES
4] 2] ~
(o) (o] o

H
o

NUMBER OF 75%
o
(o]

1 1 1 1 1
J FMAMJ
MONTH
Fig. 4. Numbers of 7-S frequency classes
constituting the range of not less than 75%
at the sea surface.
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Fig. 5. Not less than 90% frequency ranges of SST and SSS (a) for Area I, (b) for

Area I and (¢) for Areas I and IV. The ranges for months in which less than 800

stations are taken are omitted.

than that for 10 m depth except for Area H in
August (Fig. 11b-c). These numbers indicate
scattering or variation of water properties (Fig.
4). For the sake of simplicity, separated fre-
quency distributions of SST and SSS for 90%
range are shown instead of bivariate distribu-

tions for each of four areas (Fig. 5).

T-S frequency distributions in March are
slightly different from those in February.
Winter convection derived from strong surface
cooling and evaporation lasts until February or
March; therefore, SST minimum in the Japan
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Fig. 5¢.
TEMPERATURE (°C) SALINITY
o] 5 10 15 20 25 30 31 32 33 34 35
| — T T T T T 1 r T T T 1
1] — 4 N L H
FEB 5 56 12 33.8__34.4
MAR & Ji 4 T2 338 34.4
APR 2 5 6 13 338 34.6
MAY 8 7 338 34.6
JUNE ,"——Q=l:l=u“—‘l 2 33.6 34.6
JuLy ,‘—*QZ{:I—‘“‘-, :6 332 344
AUG jc 28 33.0 34.4
SEPT 8 27 32.6 34.2
ocT 4 24 328 342
NOV 1 21 33.2 34,2
Vv APR 3 1o 346 344
MAY 5 13 336 34.4
JUNE g—‘=]$‘=‘—|<e 33.4 34.4
AUG 18 26 332 34.2
(a)
Whole Area March Om 4903 stations
-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 (°C) Total
-32.0 0 0
32.0-32.2 0 0 0
32,2-32.4 0 0 0
32.4-32.6 0 0o o 0 0
32.6-32.8 0 0o o 1
32.8-33.0 0 0 0
33.0-33.2 0 o o 0 1
33.2-33.4 0 o 0 0 o 0 1
33.4-33.6 0 o0 o o 1 1 1 1 0 4
33.6-33.8 0o 0 1 1 4 3 3 0 0 12
33.8-34.0 5 6 1 0 103
34.0-34.2 8 5 8 490
34.2-34.4 9 10 198
34.4-34.6 2 o0 105
34.6-34.8 4 0 74
34.8-35.0 11 9
35.0-35.2 0o 0 1
Total 1 0 48 88 53 56 63 59 59 58 108 122 104 72 59 38 8 2 1000
(b)
Area | Mar Om 1134 stations
10 11 12 13 14 15 16 17 (°C) Total
33.6-33.8 1 1
33.8-34.0 0
34.0-34.2 [ 1
34.2-34.4 0 2 43
34.4-34.6 1 6 3 288
34.6-34.8 1 34 2 569
34.8-35.0 117 7 94
35.0-35.2 1 5
Total 3 61 133 298 324 169 12 1000
Fig. 6. Asin Fig. 3 but in March (a) for the whole area and (b) for Area I.
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(a)
Whole Area April Om 6277 stations

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19(°C)Total

.0 o 0 0 0 ©0 o0 o0 O 0 0 2
31.0-31.2 0 0 0
31.2-31.4 o o 0 o o 0 0 1
31.4-31.6 [\ 0 [\
31.6-31.8 ¢ 0o 0o o o o o 1
31.8-32.0 o o o o [
32.0-32.2 0 ] o 0o o0 o 0
32.2-32.4 6o o0 o o0 o0 o o o 1
32.4-32.6 o 0 o0 o0 o0 o o o 1
32.6-32.8 ¢ o o o0 0o ©0 o0 O 1
32.8-33.0 o 0 o0 o0 o0 0o o o0 0 1
33.0-33.2 6 1t 0 o0 0 0 0 o0 © [ 3
33.2-33.4 6 o 0o o0 1 10 o0 o 4
33.4-33.6 5 0o 1t 1 3 1 1 1 0 0 28
33.6-33.8 1 13 3 2 2 2 1 0 o o 18
33.8-34.0 11 5 5 5 7 9 7 4 1 o o o o 124
34.0-34.2 35 43 40 a8 81 23 10 3 1 1 0 o o 322
34.2-34.4 1 2 5 34 .19 65 46 27 .48 3 1 0 o0 239
34.4-34.6 0 o 0 4 7 20 33 34 19 7 1 0 o0 162
34.6-34.8 12 2 4 8 47 17 8 1 o 79
34.8-35.0 10 o 102 5 1 0 12
35.0-35.2 o 0 o o o 1
Total 54 65 38 55 54 54 86 86 120 104 87 75 61 44 16 3 1 0 1000
(b)
Area HI April Om 1331 stations
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19(°C)Total
31.2-31.4 0 0
31.4-31.8 -
31.6-31.8 0 0
31.8-32.0 .
32.0-32.2 o 0
32.2-32.4 .
32.4-32.6 0 0 1
32.6-32.8 0 0
32.8-33.0 0 0 0 0
33.0-33.2 0 Y 0 1
33.2-33.4 0o o [\ 1
33.4-33.6 9 3 12 2 o0 o o 29
33.6-33.8 T2 1 1 t 0o o 0 12
33.8-34.0 91 3115 1 3 6 4 10 2 o o0 0 0 O 181
34.0-34.2 13 2146 20035 24 34 44 6 4 o0 0 0 1 0O 298
34.2-34.4 2 1 1 1 10 48 30 j22 13 3 2 0 0 o0 324
34.4-34.6 2 [\ 1 5 9 13 5§ 5 0 t 0 0 112
34.6-34.8 3 3 3 g 4 1 0 32
34.8-35.0 3 1 i1 0 1 7
35.0-35.2 o 1 1
Total 9 109 57 74 23 49 86 81 189 156 87 47 17 9 1 1 2 0 1000
(c)
Area 1l April 10m 1101 stations
1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 (°C) Total
32.4-32.6 0 ]
32.6-32.8 -
32.8-33.0 o 0
33.0-33.2 1 1
33.2-33.4 1 1
33.4-33.6 o o 1 2
33.6-33.8 2 5 1 10
33.8-34.0 0 17440 19 1 8 3 9 8 1 0 216
34.0-34.2 9 1 32989 9 8 40 15 a4 0o o0 307
34.2-34.4 5 0 0 7 1 9 18 82 28 10 2 1 302
34.4-34.6 3 29 45 14 8 5 131
34.6-34.8 4 3 2 3 5 0 22
34.8-35.0 3 1 6
35.0-35.2 0 2
Total 5 124 42 57 41 25 65 98 219 169 98 36 15 6 1000

Fig. 7. Asin Fig. 3 but in April (a) for the whole area and for Area Il (b) at the sea
surface and (¢) at 10 m.
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Sea occurs in February or March. In March the
cold mode shifts to 1°C warmer class, [1-2°C,
34.0-34.2] (7.8% for the whole area (Fig. 6a);
8.0% for Area 1), and the warm one to 0.2
higher salinity class [9-10°C, 34.2-34.4] for the
whole area (Fig. 6a, 4.9%) and the same as in
February for Area T (8.0%).

Areal and time variations of surface water
characteristics in March are smaller than those
in any other month; 50% and 75% frequency
ranges show fewest classes for all of the areas
(Fig.4). In particular, 50% and 75% of the sur-
face of Area I are characterized by only four and
seven T-S bivariate classes with a mode [14-
15°C, 34.6-34,8] (Fig. 6b, 20.1%). In Area IV
the frequency of salinity range 34.0-34.2
amounts to 69% (at the sea surface) and 80%
(at 10 m).

There is not much difference in surface water
characteristics between in March and in April
(Figs. 2 and 5). On the whole, the surface
water is a little warmed and its salinity distri-
bution is slightly diffused (Fig. 7a). A cold
water of less than 1°C completely disappears.

(a)

23

The cold mode is weaken shifting to a lower sa-
linity class [2-3°C, 33.8-34.0] and its frequency
(3.8%) is less than that of the middle mode [5
—6°C, 34.0-34.2] (4.3%). The salinity mode of
34.0-34.2 is less than that in March by 16.8%;
6.2% of this decrease is diffused to lower classes
and 10.6% to higher classes. On the average
the monthly mean SSS in April is the highest in
a year. In particular, in Area I, the south-
western part, there is an alternation of 8.2%
from low salinity water (<(34.4) to high salin-
ity water (C>34.4) (Fig. 5b). On the contrary,
in the Tsushima Strait region, surface water
freshening already starts in the month; 7.5% of
the sea surface is altered from high salinity
water (C>34.4) to low salinity water (<(34.4)
during March to April. Salinity dispersion in
Area II is noticeable (Fig. 7Tb). The water with
a salinity of 34.0-34.2 occupying more than a
half in March shows a decrease by 24.0%. This
decrease is replaced by increases of lower one by
6.49% and higher one by 17.6%. The cold mode
shifts to 0.2 lower class [2-3°C, 33.8-34.0]
(9.1%) and the warm mode to 0.2 higher class

Whole Area May Om 7185 stations
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 (°C) Total
-30.0 0 0 0o 0 0 0 © 1
30.0-30.2 0 0 0
30.2-30.4 0o 0 0 0 0
30.4-30.6 ©o 0 0 0 O 0
30.6-30.8 o o 0 0 o 0
30.8-31.0 6 0 0 0 0 O 1
31.0-31.2 o 0 0 o0 0 0 1
31.2-31.4 0 0 0 0 0 O o o 0
31.4-31.6 0o 0 o o o 0 0
31,6-31.8 0 o o o0 o© 0o 0 0 1
31.8-32.0 0 6 0 0o 0 0 o0 © 1
32.0-32.2 0o o [ ) o 0o 0 0 1
32.2-32.4 0 0 6 0o 0 0 0 O 0 2
32.4-32.6 0 0 o 0 0 o o o0 o 2
32.6-32.8 o 0o o0 o0 o0 1 0 0 0 3
32.8-33.0 0 o 0 o 1 o0 1 1 0 0 o0 4
33.0-33.2 6 0 o 0 2 0 0 1 © o o0 o 0 5
33.2-33.4 0o 0 2 2 1 1 1 0 0 0 o0 9
33.4-33.6 o o0 o o 2 2 1 1 2 2 0o 2 o 13
33.6-33.8 0 0 1 6 2 3 2 0 0 0 31
33.8-34.0 3 1 8 7 2. 40 9 5 4 3 1 0 203
34.0-34.2 5 5 B0 88 8 4 2 1 0 284
34.2-34.4 ] 2 11 7 2 1 0 0 196
34,4-34.6 0 36 5 1 1 0 0 182
34.6-34.8 3 0 0 0 O 57
34.8-35.0 o 0 o o 1t 1 0 3
35,0-35.2 0 0
Total 4 7 14 32 55 88 99 88 &1 93103108102 73 37 12 3 1 0 O 1000

Fig. 8. Asin Fig. 3 butin May (a) for the whole area, for Area II (b) at the sea sur-
face and (c) at 10 m and (d) for Area IV.



24

La mer 33, 1995

Fig. 8b.
Area I} May Om 2824 stations
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23(°C) Total
30.8-31.0 0 0
31.0-31.2 0 0
31.2-31.4 0 0
31.4-31.6 0 0
31.6-31.8 0 0
31.8-32.0 -
32.0-32.2 -
32.2-32.4 0
32.4-32.6 0
32.6-32.8 0
32.8-33.0 0 1
33.0-33.2 0 2
33.2-33.4 o o0 5
33.4-33.6 11
33.6-33.8 o o 0 37
33.8-34.0 8 8 1 21 228
34.0-34.2 0o 1 2 15 2 0 o 265
34.2-34.4 0 6 1 1 268
34.4-34.6 8 0 0 1 0 156
34.6-34.8 2 0 27
34.8-35.0 0 1
Total 8 0 9 2 36 82 87 97 126 143 134 121 84 47 18 3 2 1 0 1000
Fig. 8c.
Area lll May tOm 1751 stations
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 (°C) Total
31.0-31.2 0 0
31.2-31.4 0 0
31.4-31.6 0 0
31.6-31.8 0 0
31.8-32.6 -
32.6-32.8 0
32.8-33.0 0 0
33.0-33.2 0 0 1
33.2-33.4 11 7
33.4-33.6 111 12
33.6-33.8 2 1 0 36
33.8-34.0 8 0 5 1 1 2 1 238
34.0-34.2 0 4 o0 8 48 2 1 o0 268
34.2-34.4 0 3723 10 3 0 © 1 258
34.4-34.6 83 .37 16 7 1 155
34.6-34.8 11 7 5 7 21
34.8-35.0 10 1 0 3
Total 8 1 9 2 35133 54121 135130 127 111 86 36 11 2 0 1 1000

[9-10°C, 34.2-34.4] (12.2%). Both modes are
strengthened, especially the former at 10 m
(Fig. 7c, 11.49%). This indicates that the polar
front appears in the surface water most clearly
in April. In Area IV, the northeastern part, a
little freshening is seen, but the salinity mode
(34.0-34.2) still exceeds 60% (Fig. 5¢c). The sa-
linity increase of the sea is due to a northeast-
ward transport of the high salinity Tsushima
Warm Current water. The freshening observed
in the central and northern parts is likely due to
the discharge of the snow melted fresh water
from the land, mainly northern Japan.

In May frequency distributions in 50% and

75% ranges are flattened in the whole area; all
of the 14 classes included in the 509 range at the
sea surface show relative frequencies of 3.0% to
4.3% (Fig. 8a). Three modes are still distin-
guished ([9-10°C, 34.0-34.2], 4.3%, [12-13°C,
34.2-34.4], 3.8% and [15-16°C, 34.4-34.6], 4.83%).
At 10 m the middle mode disappears. Unlike in
February to April, the cold mode corresponds to
a single mode in Area IV (Fig. 8d, [8-9°C, 34.0
-34.2], 9.6%). In Area I, frequency values of
modes are flattened and temperature differences
between modes are diminished both at 0 m and
10 m. Four modes including two middle modes
(Fig. b, [4-5°C, 34.0-34.2], 4.6% and [7-8°C,
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Fig. 8d.
Area IV May Om 966 stations
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 (°C) Total
30.2-30.4 0 0 1
30.4-30.6 -
30.6-30.8 0 1 1
30.8-31.0 .
31.0-31.2 -
31.2-31.4 0 0 0 0 1
31.4-31.6 0 0
31.6-31.8 0 0
31.8-32.0 0 0
32.0-32.2 0 0 1
32.2-32.4 0 1 1
32.4-32.6 1 1 1 1 4
32.6-32.8 0 0 0 6 7
32.8-33.0 0 0 4 1 6
33.0-33.2 1 0 1 0 1 2 0 1 8
33.2-33.4 0 11 4 1 0 1 0 20
33.4-33.6 1 1 1 4 5 4 3 4 2 0 1 25
33.6-33.8 1 2 2 8 14 8 5 1 7 0 47
33.8-34.0 1 T 1 0 4 2 323
34.0-34.2 14 3 3 3 480
34.2-34.4 3 1 1 71
34.4-34.6 1 3 5
Total 1 36 43 68 7125 201 192 120 89 55 29 11 13 7 1 1000
(a)
Whole Area June Om 7605 stations
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26(°C)Total
-31.0 0 o 0 o 0 0 1
31.0-31.2 o o0 o 0
31.2-31.4 o 0o 0 0O 0
31.4-31.6 10 o 0 o0 2
31.6-31.8 6 0o 0 © o o 1
31.8-32.0 0o 0 0 0 0 0 0 1
32.0-32.2 6 0 0 0 0 0o 0 O 0 0 O0 © 2
32.2-32.4 0 o 0o 0 0 o0 0 0 o 1
32.4-32.6 0 6o 0 0 0o o0 O0 o0 0 0 o0 2
32.6-32.8 ¢ 0o 0 o0 0 1 1 0 0 0 0 0 © 3
32.8-33.0 6 o0 6 0 0 o0 1 0 1 0 0 0 © 5
33.0-33.2 6 0o 0 o o0 0o t 0 1 1 1 0 0 © 7
33.2-33.4 6 0 1 1t 1 1 1 2 2 2 1 1 0 0 13
33.4-33.6 t 0 0 2 1 1 1 1 1 4 4 5 2 1 0 0 0 26
33.6-33.8 0 1 1 3 5 8 8 ; 6 6 5 5 3 1 0 94
33.8-34.0 0 5 17 24 44 9 {24t 8 4 2 0 1 1 235
34.0-34.2 0 1 3 6 10 10 8 4 1 2 0 0 203
34.2-34.4 0 3 5 5 26 44 s a4 1 0 220
34.4-34.6 T 1 2 3 2 1 155
34.6-34.8 o o0 o 5§ 1 0 0 0 26
34.8-35.0 1 0 0 o0 o 1 o0 o 0 3
35.0-35.2 0o o0 0
Total 0 - 1 4 11 29 49 74 53 77 94 88114 131120 82 45 16 9 4 1 0 1000
Fig. 9. Asin Fig. 3 but in June (a) for the whole area and (b) for Area IV,

34.2-34.4], 4.8%) found at the sea surface in
April are reduced to two in May (Fig. 8b); the
two colder modes in April must be merged into
the cold one ([9-10°C, 33.8-34.01, 5.6%) in May
and the two warmer ones into the warmer one
([12-13%C, 34.2-34.41, 6.0%). At 10 m thereis a
weak middle mode in April (Fig. 7c, [5-6°C,34.0

-34.2], 3.9%) and in May three modes still exist
two degrees apart for each neighboring two
(Fig. 8¢, [8-97C, 33.8-34.0], 6.3%, [10-11°C, 33.8
-34.0], 5.2% and [12-13°C, 34.2-34.4], 5.1%).
Apparently the cold mode in Area I corre-
sponds to the mode in Area IV as in the whole
area though the former is 0.2 lower in salinity
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Fig. 9b.
Area tV June Om 1365 stations
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 (°C) Total
31.2-31.4 0 0
31.4-31.6 0 0
31.6-31.8 1 1
31.8-32.0 0 1 1 2
32.0-32.2 ] 1 0 1 1 3
32.2-32.4 0 1 0 0 2
32.4-32.6 1 1
32.6-32.8 0 0 4 2 1 0 7
32.8-33.0 2 2 1 1 4 0 9
33.0-33.2 1 3 1 1 3 5 0 1 15
33.2-33.4 1 1 0 3 4 1 1 4 0 2 17
33.4-33.6 2 9 2 2 5 5 1 3 3 3 1 35
33.6-33.8 5 5 6 1 0 93
33.8-34.0 3 13 2 5 363
34.0-34.2 3 8 9 7 1 0 330
34.2-34.4 5 4 1 93
34.4-34.6 0 1 4 110 3 27
34.6-34.8 1 2 3
Total 3 10 26 68 90 143 117 147 132 98 82 38 33 12 0 1000
Whole Area July Oom 5581 stations
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 (°C) Total
-29.0 o 1 0 0 0 1
29.0-30.0 o 0o o o o 0 1
30.0-30.2 0 0 o0 0 0
30.2-30.4 0 0
30.4-30.6 0 0 0 0
30.6-30.8 0o o0 o 0 o0 o 1
30.8-31.0 0o o0 0 o o 1
31.0-31.2 o 1 o0 o 0 0 1
31.2-31.4 o 1t 0 6 0 0 0 o0 0 2
31.4-31.6 6 0 0 0 0 O o o0 o0 2
31.6-31.8 0o 0 o 0 1 0 1 0 0 3
31.8-32.0 ¢ o o o 1t 1 1 0 1 1 o0 6
32.0-32.2 0 0 0 1t 0 0 2 2 0 0 0 0 6
32.2-32.4 0 6o 0o 1 o 1 1 1 1 0 1 0 0 7
32.4-32.6 1t 0o 0o 1 1 1 2 2 o 1 1 1 o0 10
32.6-32.8 0 6 1 o 1 1 1t 2 2 1 2 0 1 0 12
32.8-33.0 6 1 1 o 2 2 1 2 3 2 1 0 0 15
33.0-33.2 60 0 2 1 2 4 4 4 4 1 1 1 0 24
33.2-33.4 6 5 1 2 5 2 4 @ 6 4 1 1 o0 54
33.4-33.6 o o o t 2 3 A0 g 6 3 2 2 0 0 92
33.6-33.8 13 g .16 18 0 4 2 1 0 0 199
33.8-34.0 1 5 6 6 7z 7 4 2 0 0 244
34.0-34.2 0 4 4 9 5 4 1 0 194
34.2-34.4 0 3 0 g 3 2 0 0 98
34.4-34.6 o 1 1 o 0 25
34.6-34.8 6 0o 0 0 0 © 1
34.8-35.0 o 1 1
Total 1 6 14 23 42 47 72 81 79 136 164 121 83 66 31 19 11 4 1 0 1000

Fig. 10. Asin Fig. 3 but in July for whole area.

than the latter at the sea surface. These mode
characteristics imply that the polar front is
weakened and the surface water north of the
front is warmed by 6-7°C during April to May
except for the northeastern part. Whether this
rapid warming is due to only solar radiation ab-
sorption or partly current pattern variation

cannot be explained owing to insufficient data.
Though the cold mode is concealed in total tem-
perature frequency distribution (the bhottom
line) in Fig. 8b, it is discernible at 9-10°C (9.9%)
in Fig. 8a and clearly seen at 8-9°C at 10 m in
Area I (Fig. 8c, 13.3%) as well as in the whole
area (11.3%).
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Overall freshening of the surface water con-
tinues. The water of salinity ~>34.0 decreases by
9.3% compared with in April, but high salinity
water (>34.4) decrease is only 1.2% (Fig. 8a).
In Area 1 the water ~>34.4 decreases by 17.9%
(Fig 5a) and the lower limit shifts from 33.0 to
31.0. This saline water (C>34.4) decrease is
4.6% ia Area I (Fig. 5b); on the contrary in
Area 1M the saline water increases by 3.2% (Fig.
8h).

Salinity dispersion and overall freshening con-
tinue until September and northeastward trans-
port of high salinity water continues at least
until June. Cold modes are common to upper 10
m depths ([11-12°C, 33.8-34.0], 4.4% at 0 m
(Fig. 9a); 4.7% at 10 m) and warm modes shift
to 0.2 lower salinity class ([17-18°C, 34.2-34 4],
4.3% at 0 m (Fig. 9a); [16-17°C,34.2-34.4] 4.9%
at 10 m). In Area I both modes being the same
as in the whole area are clearly seen at 10 m
(cold 6.0% and warm 7.3%), but the cold mode
is indiscernible through total temperature fre-
quencies in upper 10 m depths. In Area IV two
cold modes are clearly seen at the sea surface

(a)
Whole Area August Om 7483 stations

13 14 15 16 17 18 19 20 21

(Fig. 9b,[11-12°C, 33.8-34.0] 7.19% and [13-14
°C, 34.0-34.2] 5.8%). The saline water (C>34.4)
shows a sudden decrease in Area 1 (46.8%) and
in Area 1T (29.2%) and a slight increase in Area
M (0.6%) on the frequency of the previous
month; in the whole area it decreases by 5.8%.

A marked warming and freshening occur dur-
ing June and July for all of the areas. Areas
I and T are remarkable for salinity decrease
and dispersion (Fig. 5a-b). T-Sbivariate classes
of 50% and 75% ranges in both areas in July are
about twice in June (Fig. 4). High salinity
water (*>34.4) decreases to less than 1.0% Area
I and to 2.4-3.7% in Areas II-IV. The cold
modes in the whole area and Area W are still
discernible in salinity range 33.8-34.0 (17-18°C,
2.9% at 0 m (Fig. 10) and 16-17°C, 3.3% at 10 m
in the whole area; 18-19°C, 2.7% at 0 m and
17-18°C, 2.5% at 10 m in Area 1), though they
are weakened and corresponding total tempera-
ture frequencies are flattened.

A further salinity decrease in the sea contin-
ues until September. The water of more than
salinity 33.8 at the sea surface in August de-

23 24 25 26 27 28 29 30 31(°C) Total

-29.0 o 0 o 0 1
29.0-30.0 o o o o0 © 1
30.0-30.2 o 0o o o0 o0 0
30.2-30.4 o o o0 o0 1
30.4-30.6 o o 0 0 1
30.6-30.8 o o o0 o 0 o0 1
30.8-31.0 o o o0 o0 1 10 3
31.0-31.2 o o o 1 0o o0 2
31.2-31.4 o 0o o0 1 1 1 3
31.4-31.6 0 o 0o o 1 1 1 1 0 5
31.6-31.8 0 0 o o 1 13 1 1.0 7
31.8-32.0 o 0o 1 2 3 2 2 1 0 11
32.0-32.2 o o o 1 3 2 4 2 1 0 0 13
32.2-32.4 o o o6 o0 1 2 3 3 4 3 1 © 18
32.4-32.6 0 0o 1 o 1 2 5 3 4 4 3 0 0 23
32.6-32.8 0o 1 1 2 5 5 4 5 6 3 0 32
32.8-33.0 4 0o o 1 2 4 10 . 6 3 0 45
33.0-33.2 1 0 2 1 4 4 5 3 0 58
33.2-33.4 2 7 6 6 3 0 92
33.4-33.6 5 ip 2 4 0 153
33.6-33.8 1 1 6 2. ( 2 0 0 227
33.8-34.0 o 3 2 8 2 1 177
34.0-34.2 0 o 1 1 6 1 97
34.2-34.4 1 2 1 23
34.4-34.6 o 0o o 1 o 1 o 1 1 o o0 o0 4
34.6-34.8 o o o 0 o o 1
34.8-35.0 -

Total 14 A 4 14 21 41 79 104 108 129 145 119 116 80 31 3 0O

Fig. 11. Asin Fig. 3 but in August (a) for the whole area and for Area II (b) at the
sea surface and (c¢) at 10 m and (d) for Area IV,
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Fig. 11b.

Area il August Om 2458 stations
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 (°C) Total
-29.0 1 0 1
29.0-30.0 0 o 1
30.0-30.2 0 0
30.2-30.4 1 0 1 2
30.4-30.6 1 10 2
30.6-30.8 o 1t 1 o0 o© 2
30.8-31.0 11 6 8
31.0-31.2 0 1 0 1 2 2 2 8
31.2-31.4 11 2 2 2 3 11
31.4-31.6 1t 1 1 4 5 3 0 0 16
31.6-31.8 0 0 1 2 2 3 § 3 1 o0 21
31.8-32.0 o 2 3 5 1 4 8 1 34
32.0-32.2 0o 2 2 iz g 2 43
32.2-32.4 o 1 1 2 3 3 61
32.4-32.6 0 o 1 1 3 1 81
32.6-32.8 o 2 3 7 1 95
32.8-33.0 11 3 2 1 94
33.0-33.2 0 1 1 5 17 108
33.2-33.4 o 2 2 130
33.4-33.6 1 2 2 1 97
33.6-33.8 11 2 4 ) 95
33.8-34.0 0 1 0 4 0 48
34.0-34.2 0 10 1 0 3 25
34.2-34.4 0o 0 0 2 3 5 0 3 1 15
34.4-34.6 0 o 1 1 1 0 3
34.6-34.8 o o 0 1
Total 0 12 2 10 17 42 67 137 199 157 162 139 56 7 1000

Fig. 1lec.
Areall August 10 m 2365 stations

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 (°C) Total

30.0-30.2 1 1
30.2-30.4 o 1 1 2
30.4-30.6 o o 0
30.6-30.8 1 1 0 0 2
30.8-31.0 o 0 o 1 o0 1
31.0-31.2 0 1 0 0 2 3
31.2-31.4 1 11 2 7 11
31.4-31.6 1 0 1 2 2 6
31.6-31.8 0 c 2 4 4 0 1 12
31.8-32.0 2 1 3 5 4 34
32.0-32.2 0 1 2 4 33
32.2-32.4 1 0 2 7 2 2 50
32.4-32.6 o 1 1 2 ; 7 4 71
32.6-32.8 o 0 o0 1 3 0 3 67
32.8-33.0 0 2 0 4 2 4 0 91
33.0-33.2 1t 0 3 3 4 2 4 2 98
33.2-33.4 11 1 1 1 4 3 B 8 2 118
33.4-33.6 o 0 2 4 1 5 5 4 7 0o 0 136
33.6-33.8 ot 1 1 3 3 4 & 0 111
33.8-34.0 1 2 2 2 3 2 4 2 77
34.0-34.2 10 1 2 3 2 2 2 1 48
34.2-34.4 1 11t o 1 1 23
34.4-34.6 0 1t 0 3
34.6-34.8 1 1
34.8-35.0 0 0

Total 1 2 3 6 10 15 15 21 28 23 46 72 77 144 164 137 123 94 19 0 1000

creases by 26.1% compared with July (Figs. 10 the analysis has yielded for the surface (Fig. 4).
and 11a). In the Tsushima Strait region, SSS The high salinity water (>>34.4) completely dis-
decreases to the minimum of the year and the 7- appears and warm water of 27-29°C is scattered
S bivariate distribution shows the maximum over the large salinity range of 28.0-34.4 at the
number of 50% and 75% classes (36 and 68) that sea surface in Area 1. In Area I 509 range
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Fig. 11d.
Area IV August Om 927 stations
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 (°C}) Total
30.6-30.8 1 1
32.4-32.6 3 3
32.6-32.8 1 1 2
32.8-33.0 0 0 1 2
33.0-33.2 1 4 12
33.2-33.4 9 0 58
33.4-33.6 8 5 1 122
33.6-33.8 ig s 2 283
33.8-34.0 o 10 5 1 322
34.0-34.2 7 5 2 1 164
34.2-34.4 1 6 2 2 26
34.4-34.6 1 6
Total 0O 25 28 74 115 114 207 116 115 107 56 33 7 4 1000
Whole Area September O m 5425 stations
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 (°C) Total
-29.0 o 0 o© 1
29.0-29.2 -
29.2-29.4 0 0 1
29.4-29.6 0 0
29.6-29.8 o 0 0 1
29.8-30.0 0 0 0 )
30.0-30.2 ) 1 1
30.2-30.4 0o 0 0o 0 o 1
30.4-30.6 o o 0 1
30.6-30.8 0 0o 0 0 0 o0 1
30.8-31.0 1t 0o 0o 2 o 4
31.0-31.2 o 0 o0 1 o 2
31.2-31.4 0 o 0 0 2 2 1 6
31.4-31.6 1t 1 2 1 1t 0 0 5
31.6-31.8 6 o 1 2 2 2 1 o 8
31.8-32.0 6 1 2 4 1 2 4 1 o0 15
32,0-32.2 0 0 3 5 4 3 3 2 0 20
32.2-32.4 0 1 4 4 6 5 4 1 0 O 26
32.4-32.6 0 5 7.8 e 7 4 1 1 40
32.6-32.8 [ 6 3 11 48
32.8-33.0 0 . . 4 11 67
33.0-33.2 0 4 1 0 66
33.2-33.4 0 1 4 0 0O 96
33.4-33.6 1 s 1 0 130
33.6-33.8 0 0o 1 2 5 4 0 2 0 198
33.8-34.0 o 7 3 5 1 0 o 138
34.0-34.2 o 1 1 4 1 a8
34.2-34.4 1 30
34.4-34.6 ) 6
34.6-34.8 o 1 1 2
34.8-35.0 0o o 0
Total 0 - 1 1 2 24 16 49 77104 130 138 127 127 102 65 30 5 1 1000
Fig. 12. Asin Fig. 3 but in September for the whole area.

amounts to 69 in bivariate class number at 10
m, because a great vertical temperature gradi-
ent in the surface water yields a wider tempera-
ture range below the sea surface, while the
number reduces to 56 at the sea surface (Figs. 4
and 11b-c). The mode in the area must lie
around 25°C, 33.4 at the sea surface and at a lit-
tle colder side at 10 m, though the distribution
evens out.

There is no mode other than [21-22°C, 33.6—
33.8] (4.0%) at the sea surface in the whole area
(Fig. 11a); however, it seems to deviate slightly
towards a colder, fresher side from the mid-
point. In Area I, a weak mode [19-20°C, 33.4-
33.6] (1.8%) is formed at the sea surface be-
sides the first mode [23-24°C, 33.8-34.0] (4.6%).

Double modes are clear at the sea surface in

Area IV (Fig. 11d, [21-22°C, 33.6-33.8], 7.4%
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Whole Area October Om 8155 stations
8 9 10 11 12 13 14 15 16 17 19 20 21 22 23 24 25 26 27 28(°C) Total
-31.0 0 0o o0 0
31.0-31.2 0o 0 0
31.2-31.4 o o o 0 0
31.4-31.6 0 0 0
31.6-31.8 o o o0 O 1
31.8-32.0 o 1 1 0 2
32.0-32.2 o 0o 1 2 1 1 2 o0 6
32.2-32.4 o 0 2 1 2 4 0 1 1t 11
32.4-32.6 6 2 2 3 5 3 3 1 0 21
32.6-32.8 0 0 1 4 6 4 5 5 2 0 0 28
32.8-33.0 o 1 2 5 8 B 5 3 1 0 43
33.0-33.2 o 2 2 7 9 4 1 0 65
33.2-33.4 1 2 3 § 6 1 ] 105
33.4-33.6 0 7 . 3 1 0 158
33.6-33.8 4 2 1 0 201
33.8-34.0 2 2 2 2 1 195
34.0-34.2 1 6 10 126
34,2-34.4 1 0 34
34.4-34.6 0 4
34,6-34.8 0
34.8-35.0 0
Total 2 3 13 25 31 54 70 71113 99116 133128 76 46 15 3 0 0 1000
Fig. 13.  As in Fig. 3 but in October for the whole area.
Whole Area November O m 3958 stations
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 (°C) Total
-32.0 1
32.0-32.2 0
32.2-32.4 2
32.4-32.6 1
32.6-32.8 5
32.8-33.0 19
33.0-33.2 45
33.2-33.4 1 0 99
33.4-33.6 2 0 170
33.6-33.8 2 2 189
33.8-34.0 - 81 s 6 1 265
34.0-34.2 B 8 3 1 5 1 124
34.2-34.4 1 458 1 6 4 0 o0 69
34.4-34.6 1 0 © 10
34.6-34.8 0 0 2
34.8-35.0
Total 11 1 23 35 16 17 471 66 59 47 76 83 93 117 123 104 67 18 2 0 1000

Fig. 14. Asin Fig. 3 but in November for the whole area.

and [19-20°C, 33.8-34.0], 6.0%), but the latter
disappears at 10 m.

In September SSS in the sea shows the mini-
mum of the year and 50% and 75% ranges oc-
cupy 28 and 57 classes, maxima of the year, at
the sea surface (Fig. 12). The upper 10 m water
of Area I shows an increase of total salinity
frequency of every class of more than 32.8 over
those in August. On the contrary, total salin-
ity frequencies in Area I decrease in classes of
more than 33.2 at the sea surface and of more
than 33.4 at 10 m. In Area I, the salinity fre-
quency decrease is limited to classes of more
than 33.8 through upper 10 m. The surface

water of the northeastern part, Area IV, shows
a weak salinity maximum in September (Fig.
2d). The saline water (>34.0) increases by
17.8% in September and decreases by 2.0% in
October. The mode at the sea surface in the
whole area shifts to two degrees lower class
(Fig. 12, [19-20°C, 33.6-33.8], 3.2%), deviating
towards a colder, lower salinity side as in
August. The weak second mode of high tem-
perature is seem at [24-25°C, 33.2-33.4] (2.0%).
Two modes are discernible at both depths in
Area T ([19-20°C, 33.6-33.8] 3.7% at 0 m and
3.3% at 10 m; [23-24°C, 33.4-33.6] 3.1% at 0 m
and [24-25°C, 33.6-33.8] 3.1% at 10 m) as well,
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Fig.16. AsinFig. 3 but yearly mean for the whole area (a) at the sea surface and (b)
at 10 m. The frequency ‘0’ (less than 0.5 per mille (0.05 per cent)) for bivariate
classes is omitted. Solid lines in (b) denotes the same limits as inner limits in

Fig. 17.

though total temperature frequency shows a sin-
gle mode at the sea surface.

After September the surface water of the sea
steadily decreases in temperature and increases
in salinity; T-S bivariate classes of 509 and
75% ranges decrease until winter or early
spring. Available stations in the whole area in
October make up the greatest number of the

year. Figure 13 shows that classes of 2.0% or
more spreads widely over the range of 15-22°C,
33.2-34.2 at the sea surface. The mode [17-18
°C, 33.8-34.0] (3.4%) deviates towards a colder,
more saline class from the center; the second
mode seems to be around 21°C, 33.5. On the
contrary, the first mode is warmer one at 10 m

([17-18°C, 33.8-34.0], 2.9% and [20-21°C, 33.2-
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Fig. 16b.
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33.4], 3.4%%). In addition, a cold mode [15-16
C, 33.6-33.8] (4.5% at 0 m and 3.9% at 10 m)
appears in Area Il forming a clear second mode
in total temperature frequencies. In Area IV,
two modes are clearly ([15-16°C, 34.0-34.2]
9.4% at 0 m and [16-17°C, 34.0-34.2] 7.3% at 10
m; [18-19°C, 33.8-34.0] 7.4% at 0 m and 10.1%
at 10 m).

As total temperature frequencies show in
Figs. 14 and 15, three modes are formed in No-
vember and December ([7-8°C, 33.8-34.0] 3.19%,
[12-13°C, 33.8-34.0] 3.7% and [18-19°C, 33.4—
33.6] 3.2% in November; [2-3°C, 33.8-34.0]
5.9%, [6-7°C, 34.0-34.2] 4.4% and [12-13°C, 33.8
—34.0] 4.3% in December). The coldest mode
must be formed rapidly after October and grows
until March.

5. Overall characteristics of 7-S frequency dis-

tributions

The yearly mean T-S frequency distributions
for the whole study area are obtained with the
averages of relative distributions in January
through December for the area (Fig. 16). Ac-
cording to a previous analysis, mostly 7-S rela-
tion points for more than 5°C at the sea surface
fall on the lower salinity sides of the line con-
necting (17°C, 34.7), (13°C, 34.7) and (5°C, 34.1)
and of the salinity 34.1 line for less than 5°C in
winter to spring; the upper limit of salinity for

more than 17°C decreases with temperature in
spring to summer. This generally agrees with
Fig. 16 except that the upper limit of salinity
for low temperatures is about 34.4. Figure 16
shows that the highest salinity of more than
34.8 occurs at about 13°C or a little warmer tem-
peratures. The limit does not depend on tem-
perature for the cold water of less than 8-9°C.
There are five to six modes or large frequency
class groups in Fig. 16. They nearly correspond
to the class groups of 1.0% or more during five
months or more shown in Fig.17. The group
centered at the class [10-11°C, 34.0-34.2] (W)) is
conspicuous among them. As stated in section
3 or shown in Fig. 2, little variation during long
winter is one of the outstanding characteristics
of the surface water of the sea. This group (W)
shows frequency of 1.0%6 or more mostly during
January to May partly in November, December,
or June. The period of the frequency (1.0% or
more) for the centered class [10-11°C, 34.0-34.2]
covers eight months. The W, group mainly de-
notes T-S relations south of the polar front, but
probably its colder portion includes the surface
water west of northern Japan. The W, the
only class [2-3°C, 33.8-34.0], definitely shows a
water characteristic north of the polar front.
These two groups of waters must keep lying on
the proper sea areas almost during the period.
Since temperature and salinity values of the
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1.0% OR MORE FOR SIX MONTHS OR MORE AT IOM DEPTH

D 1.0% OR MORE FOR FIVE MONTHS OR MORE AT tOM DEPTH

UPPER LIMIT OF SALINITY THROUGH THE UPPER IOM FOR EVERY 1°C TEMPERATURE RANGE

Fig. 17.

Overall characteristics of 7-S frequency distributions of the surface water of

the whole study area. Outer solid lines denote the limits within which 7-S values

of 1°C X0.2 (% or psu) bivariate classes show frequencies of 0.1% or more at least
for a month of year at 10 m depth. Inner solid lines denote the limits within which
T-Svalues of the classes show frequencies of 1.0% or more for five months or more
of year at 10 m and shaded areas 1.0% or more for six months or more of year at
10m. Classes of Wi:and W: are seen in winter, S in summer and T in transitional
seasons (see text). Double horizontal lines show the upper limit of salinity range

through the upper 10 m for every 1°C temperature range.

the limits have never been observed.

surface water scatter and their variations are
great in spring, summer and autumn, frequently
occurring classes of warm water during several
months are fewer than those of cold water. The
S group, extending from the warmest mode [20
—-21°C, 83.6-33.8] to colder, more saline classes,
shows five month’s duration (July-November)
of the frequency of 1.0% or more excepting that

(Higher salinities than

the coldest class [17-18°C, 33.8-34.0] shows the
frequency in June to August and in October to
December. Figure 18 is an example of the 7-S
frequency distribution with the summer mode.
Surface waters included in this group do not al-
Ways occupy proper sea areas, that is, the water
of the same range of 7T-Srelation can be found in
various places according to seasonal variation.
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Area |l November O m 1174 stations
13 14 15 16 17 18 19 20 21 22 23 (°C) Total

-32.0 0
32.0-32.2 0 0
32.2-32.4 1 1
32.4-32.6 3 3
32.6-32.8 2 2 0 5
32.8-33.0 8 12 11 0 35
33.0-33.2 2 1 80
33.2-33.4 2 8 z 134
33.4-33.6 8 7 218
33.6-33.8 158
33.8-34.0 210
34.0-34.2 1 86
34.2-34.4 1 61
34.4-34.6 12
34.6-34.8 1 1
Total 11 17 86 82 146 219 202 182 53 2 1000

Fig. 18. Asin Fig. 3 but in November for Area II.

The last group T, centered at the class [14-15°C,
34.0-34.2], shows the frequency twice or three
times in a year. The frequency of the centered
class occurs in May, June and October to Janu-
ary, other three classes do not show the fre-
quency in October or November.

6. Concluding remarks

On the basis of available hydrographic data
taken in 1952-1988 (including partly in 1989-
1990), I have divided the Japan Sea except the
northwestern part into four areas according to
pattern of seasonal variation of SST and SSS.
Then I have obtained monthly relative frequency
distributions of 7-S relations in bivariate class
of 1°Cx0.2 in salinity at the sea surface and at
10 m depth for each of four areas and for the
whole study area.

The water entering through Tsushima Strait
clearly shows seasonal variations in water char-
acteristics with standard deviations of mostly
less than about 1°C in temperature and 0.2 in sa-
linity for the monthly means (e.g. OGAWA,
1983). The water is transported northeastward
along the western margin of Japan showing
propagation of high salinity during winter to
summer and low salinity during spring to
autumn (e.g. TANIOKA, 1962; KoLpack, 1982).

For example, the maximum of SSS occurring
in the Tsushima Strait region in March appears
in the central area in June about three months
behind and in the northeastern part in Septem-
ber about six months behind.

One of the most striking features is that two
or three modes are seen in 7-S frequency distri-
butions nearly through a year in the whole study
area. This is due to the existence of the frontal
zone between about 39° and 42°N in the central
area. The frontal zone separating the surface
water into the warm, high salinity water of the
south and the cold, low salinity water of the
north is well depicted in the SST distributions in
winter to spring (e.g. ISoDA et al, 1991, Fig. 4;
Maizuru Marine Observatory, 1990, Fig. 1).
Two modes of T-S frequencies suggest that this
separation occurs even in summer, though scat-
tered distributions and decreased meridional
temperature gradients obscure separation of
two modes (e.g. Figs. 10 and 12). According to
IsoDA et al (1991), the eastern part of the polar
front is more stable than the western one
throughout a year and its eastern end exists
around the Tsugaru Strait. However, another
weak mode often appears at a class a few de-
grees warmer than the class of the cold mode
(e.g. Figs. 3a, Ta and 14). This corresponds to
the warmer one of the two modes, about two de-
grees apart, found in Area IV, west of northern
Japan. We have little knowledge of the surface
water characteristics or current structure in the
northeastern part of the Japan Sea north of
41°N except near the coast because of few obser-
vations. Nevertheless, front-like isotherms of
SST occasionally extend northeastward along
the coast of northern Japan (e.g. IsoDA et al,
1991, Fig. 4). Besides, the subsurface high
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salinity core along the coast of Japan reaches as
far north as northern Hokkaido, though its sa-
linity is rapidly reduced west of Hokkaido
(KoLPACK, 1982). Therefore, a weak mode seen
for Area I or the whole area in autumn to
spring and a warm mode seen for Area IV, both
mode classes being a few degrees warmer than
the cold mode classes, must represent the sur-
face water on the southeast side of the front-like
zone or in the west of northern Japan. This
mode occasionally merges into the cold mode
during spring to summer. This frontal struc-
ture may be indiscernible at least in the topmost
surface water in summer.

The yearly mean 7-S frequency distribution
for the whole study area suggests about four
groups of significant surface water characteris-
tics (Figs. 16 and 17). The first is the winter
mode water of 5-13°C, 34.0-34.2, partly 33.8-34.0
or 34.2-34.4, seen in the south of the frontal zone
at least during January to May; this possibly
includes the surface water of west of northern
Japan. The coldest water centered at the class
[2-3°C, 33.8-34.0] exists in the north of the fron-
tal zone during December to April. The third is
the summer mode water of 17-21°C, 33.8-34.2
appearing mostly during July to December, this
water cannot occupy proper sea areas during the
months unlike the first two waters. The last
group 1s the transitional water centered at the
class [14-15°C, 34.0-34.2] occurring twice or
three times in a year according to seasonal
variations of surface water characteristics.
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