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Fig. 1. Histograms of variations in sea level at two coastal stations [(a) : Oshoro, (b) : Wajima)

of Japan Sea. W: Winter. S: Summer. A: Annual means. Broken line shows mean value.
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Table 1. Statistical quantities of variations in sea level of two stations in Japan.
‘ Range of variations*
Station Season |Statistical period Megga"iil\;ﬁ of \ dSet‘a,ine:it?gg

} A : (max-min) |B : (max-min)
w 1907~1963 36.7cm 3.8cm  (15cm(42.5~27 .5)|14.4( 421~ 27.7)
Oshoro S 1906~1963 49.6 3.2 10 (52.5~42.5)(13.8( 54.9~ 41.1)
A ” ” 41.5 2.4 10 (47.5~37.5)| 9.4( 45.2~ 35.8)
W 1901~1963 103.5 4.5 30 (122.5~ 92.5)27.9(122.2~ 94.3)
Wajima S 1900~1963 119.3 4.4 20 (132.5~112.5)20.4(132.7~112.3)
LA ” ” 108.6 3.8 25 (127.5~102.5)21.9(125.1~103.2)

Note *A : Range of the variations

B : Range of the variations of raw moterial.

which are classified raw material in 5cm intervals.
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Fig. 2. Average annual variation of sea
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ro. (b) : Wajima] for diffrent
period.
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Table 2. Mean value H, of average annual variation in sea level of Japan Sea coast.

Station Statistical period ‘Statistical years Mean value, H, ‘ (H, for B)-(H, for A)
- : k I S _
Oshoro A - 1906~1963 58 41.6cm 1 Gem
B \ 1951~1960 10 43,2 ’
Wajima A 1900~1963 64 108.8 0.7
B 1951~1960 10 109.5
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Table 3. Comparision between the long-term variations of mean monthly sea level in September
and corresponding meteorologmal elements and sea surface temperatures.

Station | Element Statistical Per1od18tat1st1cal Years“ Va{\ldtf:snénggg%le}mbe " ' oftBlieEtwrxgw
; | [
Oshoro Sea level | 1906~1963 58 A 50.3cm 3 1cm
| 1951~1960 10 B | 53.4
‘}\nnospherlc 1931~1960 i 30 | A | 10012.7mb omb
| pressure 1951~1960 | 10 "B 10012.7
[ B o
| Pre 1931~1960 | 30 J A 145, 4mm
cipitation —5, Imm
Sapporo ( 1951~1960 ‘ 10 | B 140.3
' Air temperature 1931~1960 30 ‘ A 16.8°C 0°C
1951~1960 10 | B 16.8
Inahosaki Sea surface 1914~1963 50 ‘ A 20.7°C 0.1°C
(fig # W) | temperature 1951~1960 10 | B 20.8 '
Sea level | 1900~1963 64 | A 122.1cm 3 2em
1951~1960 10 | B 125.3
 Atmospheric 1931~1960 30 A | 1012.7mb 0. 1mb
pressure 1951~1960 10 }B ) 1012.8
Wajima ‘ — ] 11 -
Precipitation | 1931~1960 30 A 251, Imm —11.8mm
1951~1960 10 } B 239.3
. . -
Air temperature|  1931~1960 30 ?A \ 20.6°C 0.1C
[ 1951~1960 10 B | 20.7
Rokugosaki Sea surface 1913~1962* 49 ‘ A 23.6°C —0.9C
(% AU W) | temperature 1951~1960 10 ! 23.4 '

Note : *exclusive of 1916.
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Fig. 3. Observed values of sea level in winter (full line) and in summer (broken line).
(a) Oshoro, (b) Wajima, (c) Aburatsubo.
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Fig. 4. Comparison between sea level and zonal component and meridional component of atmos-
pheric pressur gradient in winter. (For explanation of following symbols, ses the append-
ed note).

Full line ; sea level (0;—1;1,* (a) : Oshoro, (b) : Wajima. Broken line ; (a)-zonal compo-
ment (0p1—1,13%, (b)-meridional component. (0,p—1p4)*.
Note : (1) Using symbol in this paper is defined as follows.
Basic symbol ;
Obseved\S years’ moving|ll years’ movingly minus 1‘1 minus 2\ 3 years’ moving

':rirriJ value | average of 0 | average of 1 | ‘average of [0—1]
‘Symbol' 0 | 1 | 2 [ -1y | (1-2) ‘ 0—13* ‘
Subscript :
Swseript| ¢ s | s | s |
D i meridional ‘ zonal 1 sunspot

} Element | sea level | component of atmospheric ‘ numbers
| pressure gradient

Example : 0,, denotes observed value of meridional component of atmospheric pres-
sure gradient. (Calculated from 3 stations [ Yamagata, Tokyo, Taipeil).

(2) Possitive value of atmospheric pressure gradient denotes that line derivative of pres-

sure (3p/dy) is negative. Unit of the pressure gradient is 1/1110 mb/km.
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Fig. 5. Comparison between sunspot numbers and meridional component of pressure gradient and
sea level in winter. Full line ; (a)—sunspot numbers [13—2;], (b) and (c)—sea level
{1:—2;). (b)—Aburatsubo, (c)—Oshoro. Broken line; meridional component {1,,—2,,].
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Fig. 6. Comparison between sea level and zonal component of pressure gradient in winter. Full
line ; sea level (1;—2;), (a)—Aburatsubo (b)—Oshoro (¢)—Wajima. Broken line ; zonal
component [1,1—2,2].
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Summary

This is the second paper on the long-term variations in sea level. The characteristics of
the sea level variations of the Japan Sea have been investigated, using the monthly mean
values obtained by the observations of sea level from 1900 to 1963 at two tidal stations
(Oshoro (43°13'N, 140°52'E), Wajima ([37°24'N, 136°54'E)) along the Japanese coast of the
Japan Sea, and by the same method as mentioned in the first paper.

The author has compared the sea level variations with the atmospheric pressure gradients
calculated from the monthly mean values of the sea level pressure at the three meteorological
observatories (Yamagata, Tokyo, Taipei), and sunspot numbers.

The results are as follows.

(1) The range of annual mean variation of sea level during these some 60 years is about
10 cm at Oshoro and 25 cm at Wajima. The reason for the larger range of sea level varia-
tion at Wajima than at Oshoro, seems to be that the variations of the Tsushima current and
monsoon affect the sea level there more strongly.

(2) The secular variations in sea level at both Oshoro and Wajima tend to rise gradually
with years taking wave forms which have their peaks at about 1930 (Fig. 9). The mean ris-
ing velocity of the whole observation term is about 1 mm/year in both cases.
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(8) As for the seasonal variation of sea level in the Japan Sea, the sea level is high in
summer and low in winter. The difference in sea level between summer and winter is about
13 cm at Oshoro and about 15 ¢m at Wajima (Table 1).

(4) The long-term periodic variations in sea level of winter at Oshoro and Wajima were
separated by the moving average method, which clearly showed an approximately 10-year-
periodic variation. These variations of sea level correspond fairly well with those of the
meridonal and zonal components of the atmospheric pressure gradients mentioned above (Fig.
5 6).

As these pressure gradients become the indexes of the strength of the geostrophic wind, the
cause of the variations of sea level seems to be the wind action of pulling up or removing the
sea water, in agreement with Ekman’s theory.

It is interesting to note here that the approximatelly 10-year-periodic variation of sea level
at Oshoro and Wajima is reverse in phase with that of Aburatsubo along the Japanese coast
on the Pacific side. The reason for this is that the relative position of land and sea with re-
spect to the same monsoon or same wind direction at Oshoro (Japan Sea Side) is quite dif-
ferent from that of Aburatsubo (Pacific Side). Therefore the wind action of pulling up or
removing the sea water is reverse on the coast sides mentioned above.

Accordingly, the variation of sunspot numbers of 11-year cycle corresponds to the out-phase
of the variation of sea level at Aburatsubo, and the same-phase of that of Oshoro (Fig. 5).

(5) In summer, the variations in sea level at Oshoro and Wajima show an approximately
10-year-periodic variation and almost the same characteristics as in winter. But they do not
correspond to the pressure gradients so well as in winter (Fig. 7).

(6) The elevation of the sea level caused by the wind action may be roughly expressed by
the following formula

=—h+1/h2+6.2X107°RW2(y —y,) (c.g.s. unit)
where { is the elevation from the level with no wind, W is wind speed, y-axis takes the di-

rection of the slope of the sea surface (pressure gradient) and y, is the position of tidal observa-
tion (Fig. 10). 4 is the depth with no wind at y,, % is a conditional factor and takes 1<k<
3/2.

(7) The characteristics or the local features of the long-term variations of sea level in
Japan Sea may have been caused mainly by the variations of Tsushima current and monsoon,
especially in winter.



