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8o B BAAEEROHE (32°26'N. 131°40'E), Hi4& (33°28'N. 13546'E), i
(35°09'N 139°37’E) o 3 » Ao EFT (Fig. 8 (a) MBERER) i\ THH & 7218944 X V1963
FEETOWMMOAFHMETH 5.

CRLOREREROHR, Mg, MERELMERO “BRERE” , BRKOFREIETO “EWHHA”
CXHEZROFRTERL CH ., AbRETFCHEOMLRERT X DBREHF Ll s 5E
EE KERLELOEEERE) OBIXELLTEL, BEOBEVWE, HENELS K-> TW5D
T, BENCBANEERETCORI Y Ho, REFTHC B8o Bty H 23X, H=Hp—-H;
%5 H %o THABML*ERbT O LT3,
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WS, FROBRAEKOMN H tBE L BRME H 0BffRs XX Hp Offirk Table 1 1o
TEOTH 5.

Table 1. Relation between tidal recorded values H, and its rewrited values H.

Station \ Observatlon period ‘, H=Hp—H, ’ Remarks
S e —— ,
Hosojima 1894~1963 He300—H |
' T 1aos _ Aug. 1945~Feb. 1947 missin
Aburatsubo 1895~1963 H=400—H, H=400— H,—138.9cm for 1895~1924
: 1896~1942
Kushimoto 19501961 H=H.-100 H=H,—-100+6, 7cm for 1950~1961”

Note : Hp=height from datum level to the fixed point above the sea surface.

R 19234E 9 A OBEARHBO 2o £ O HikE 4 I0EH O FFHERe 138.9cm 0 E4 4
LT, BEOIVEMOEFHELELREREL, 1923EUFIOH 2 RHERETEF L DEH
fr H &L,

F 72 87K O B O B RIMEIL 194652 O B 5 U CH R BE R 238 » 12D &, F ORI 7 ERIR A
ok, TORNBTAENCESE LSV, BAET0E 22 vy P T5LELVWEBEAEL %
DT, ThHEHEELORIE XCROIOEROEFHENFE L W LEL T, 1950FLE O WAL
6.7cm ZixzdbOEHWS (Table 1 28,

WEDOWMIETREY > B EHIRLITRUD L WBHEETH 5.

ITThLOBUE H REOBREETHED N A RTHRL0 REHEY AbEALA
W, 3O, WBEEWTRITEOEED SobLwisrdo, ERAMECOROMED A&
RIKERBEOKER,AD 136.2cm LHEELTW5. FEFFRO X 5 B OBRED & TR A fE1X
138.9cm TH BB, LOER 2.7cm TH 5, - TKBEHEC X BHEEMENEE & T hiE19234%
DR o29FEM o BRI LTtk 2.7cm 2z hiEebhwn, LarLlzoBEOHEERYSREL S
CEXTFHEIND L, 2o oA (trend) MBI T 2 Lstic BB oM iz
Rigvnd, WEOMMOIBOBEE H BRIV LIRS . fXoEr Ll >
L CEHR U 2 19425E LART O okt & 1950 R 0B RSk vw E AL, BRYfloEME%E2 5
B bR z ke B,
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Fig. 1. Histograms of variations in sea level at three stations (a: Hosojima,

S: Summer,
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Table 2. Statistical list of variations in sea level of three stations in Japan.

Station ‘ Season ! Statistical period ls\ggai;‘\’rgllue of gé%?gggi Ran(g:laf-_xrrsiré%t.:lon
w | 1895~1963 3l.4cm | 5.24cm 20cm (42, 5—22.5)
Hosojima S 1894~1963 51.6 | 5.34 25 (62,5—37.5)
A P 423 4,00 20 (52.5—32.5)
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I 18951963 62.6 8,64 | 35 (82.5-47.5)
Aburatsubo | S ” ” 70.3 8,54 35 (87.5—52.5)
‘ A ” ” 66,1 7.64 30 (82.5—52.5)
S W 1897~1942 57.8 8 92 i 0 (77.5-37.5)
Kushimoto S v 75.8 8,09 35 (92.5—57.5)
A ” ” 67.4 6. 95 J 20 (77.5—57.5)
Note: W : Winter, S: Summer, A: Annual mean.
J FMAMIJ J AS O0ONDJ TNEASBHEIMEDIHTHME L0 10cm /5E 15cm X
R Fo. EeAROMLOEBIRO SR E
Tedbdb B3, BRAI2HEODM LIBIZFEL Th 345,
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Fig. 2 Average annual variation of sea
level at three stations (a: Hosojima,
b : Kushimoto,

diffrent periods.

{a—1894~1963

Full line :

b—1896~1942

lc—1924~1963

Broken line:

1951~1960

c: Aburatsubo) for

REFMBEEHCTWS., LA LEEOMBOTERT I
LAEEDLR W, e o FEEr Table 3 i+
IR 3.6cm LR LTWS.
X, WMEOBMCS W RBOEAERLTWS. =
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b ORI S

Table 3. Mean value H, of average annual variation in sea level of three stations.

~ Station | Statistical period | SIEUSHCA | AR | CHy for B)-(il; for A) | Remarks
. | 1894~1963 70 42.1cm | cm ‘
Hosopma | 1951~1960 10 45.7 3.6
A 1924~1963 37 7.3 | | exclusive of
Aburatsubo ‘ 1951~1960 0 182 6.9 | obo~1947
s 1896~1942 45 66.6 ‘3 | exclusive of
ushimoto 1951~1960 | 10| 749 : | 1od0~19a
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FRF N5 ERHE L C0ERN# 0 RYPNEEI»FEE T MESEBES TR bR S,

RCSEEEOER & Uizl (38°15'N, 140°21'E), B3 (35°41'N, 139°46'E), &Hdt (25°02'N,
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FEbLTHBEDT, Op, Opp ODEQERIEDECHANDOREFIEZRLTWS, - T HhgH %
RET I, Fig. 4 (@) oMK s» b, XRJEREORBERS DL A L2 BT4EP665E) »IE
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Fig. 4. Correlation between the meridional component (Vertical axis) and zonal component
(Horizontal axis) of atmospheric pressure gradient in U=~1—1}1—G % calculated from
sea level pressure at three stations (Yamagata, Tokyo, Taipei). W: Winter, S; Sum-
mer

a: observed values (0py~0,1) (See note)

b: moving average values ((1pp —2pp I~[1p21—2p2])

Note: (1) Using - symbol in this paper is defined as follws.

Basic symbol ;

Obseved Syears’ moving | 1lyears’ moving . .
Term ’ value average of 0 { average of 1 ’ 0 minus 1 ! 1 minus 2
Symbol’ 0 | 1 2 L oo-1 | 1-2)
{ | |
Subscript :
Subscriptt t ; be 2 J 0 } s
. 1 surface
5l . evel meridional L zonal water sunspot
ement sea leve component of atmospheric tempera- numbers
pressure gradient ture

Example: Oy, denotes observed value of meridional component of atmospheric

pressure gradient.

(2) Possitive value of atmospheric pressre gradient denotes that line derivative of

pressure (gf) is negative.

WRWTHERE L T, BERNKREICEH AR E WS T &albhb

irOmJMu»%p@ﬁ%swﬁﬁlfmﬁﬁélomoglmb@iE%W%LI

mb
1110 km
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Fig. 5. Comparison between sea level and meridional and zonal component of pressure
gradient in winter.
Full line; sea level (1;—2;], a: Aburatsubo. b: Kushimoto. c¢: Hosojima
Broken line; a and c¢; meridional component ([lpy —240). b: zonal component
(1pa—2p2]
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Fig. 6. Comparison between sea level and meridional and zonal component of pressure
gradient in summer.

Full line: sea level (1;—2;). a: Aburatsubo. b: Kushimoto. c: Hosojima.
Broken line; a and c¢: meridional component (1o —2p]. b: zonal component

(1pa—2p2]
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Fig. 7. Comparison between sea level and meridional and zonal component of pressure
gradient in winter.

Full line: sea level [0;—1;). a: Aburatsubo. b: Kushimoto. c¢: Hosojima.
Broken line: a and b: meridional component {Opy —1p0]), c: zonal component
(0pa—1p2]
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Fig. 8. Atmospheric pressure distribution in mb at sea level in the Northen Hemisphere.
(a) : Winter (Dec. 1933~Feb. 1934).,
(b) : Summer (Jun.~Aug. 1935)
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Fig. 9. a: Comparison between sunspot numbers [1;—2;] (full line) and meridional com-
ponent [1,, —2,,] of pressure gradient (broken line) in winter.
b: Comparison between sunspot numbers [1,—2;] (full line) and sea level (1;—2;])
(broken line) at Aburatsubo in winter.
¢ : Comparison between surface water temperature [1;—24] (full line) at Shioya-
saki and sea level (1;—2;) (broken line) at Aburatsubo in winter.
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Feg. 10. Comparison between (a) sunspot numbers (2,] and (b) zonal component (2,;]
(full line) and meridional component [2,,]) (broken line) of pressure gradient
in winter and (c) and (d) sea level (2;] at Aburatsubo and Hosojima.

w: winter. s: summer. «: annual mean.
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Summary

In this study, the characteristics of the long-term variations in sea level are investigated
using the monthly mean values of the observations of sea level from 1894 to 1963 at three
tidal stations (Hosojima, Kushimoto, Aburatsubo) along the Japanese coast under the influence
of the Kuroshio.

The author has compared the sea level variations with the atmospheric pressure gradient
calculated from the monthly mean values of the sea level pressure at the three stations
(Yamagata, Tokyo, Taipei), surface water temperature at Shioyasaki, and sunspot numbers.

The results are as follows :

1. The range of the annual mean variations of sea level during these 70 years (for
Kushimoto, some observation values are missing) is 20 cm. to 30 cm.

2. (a) The secular variation in sea level at Aburatsubo rises nearly in a straight line,
and the rising velocity during the term is about 4 mm/year. However, as the ground has
moved now and then near Aburatsudo, the above values will be corrected by the values of exact
systematic leveling. (b) The sea level at Hosojima has its maximum in about 1902, and
1952, and its minimum in 1923. It seems to have approx. 50-year-periodic variations, and the
descending velocity before 1923 is about 2 mm/year, and the rising velocity after 1923, about
2.8 mm/year. (Fig. 10)

3. In winter, a longer periodic variation in sea level is separated by the moving average
method, and the sea level of all the stations show approx. ten-year periodc variations (Fig. 5).

In the approx. 10-year-periodic variations, (a) at Aburatsubo, the variations in sea level
corresponds pretty well to those of meridional component of the atmospheric pressure gradient
(zonal wind component assuming geostrophic wind), and (b) at Hosojima and Kushimoto, the
variations in sea level correlate to the combined effects of meridional and zonal component
of the atmospheric pressure gradient (zonal and meridonal wind assuming geostrophic wind).

Namely, it seems that the long-term variations in sea level are generated by the wind actions
which pull up or remove the sea water near the tidal stations, in agreement with Ekman’s
therory, and also by the variation of the current axis of the Kuroshio approaching the Japanese
coast.

4. In summer, the variations in sea level at the three Stations show approx. 10-year-periodic
variations and almost the same characteristics as those in winter. But they do not correspond
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to the pressure gradient so well as in winter. (Fig. 6).

5. In winter, the sea level variations at Aburatsubo correspond well to the sea surface
temperature at Shioyasaki. (Fig. 9). The physical meaning seems to be that when the east
wind is strong (weak), the sea level at Aburatsubo is high (low), and the water temperature
at Shioyasaki is high (low) judging by the water temperature distribution near the sea.

6. There is a good correlation between the variations of the meridional component of the
pressure gradient and those of sunspot numbers on a 11-year cycle.

The selected region for the above-mentioned pressure gradient is where the Siberian High
meets the Aleutian Low in winter. The solar radiation received in this wvast area under
the infuluence of the High and Low affects the atmospheric pressure field, and then changes
the pressure gradient, so that this area is a good index of solar activity.

7. It seems that the origin of the energy of long term variations in sea level is the sun.
The variations of the solar radiation affect the pressure fiield, and then change the distribu-
tion of wind system and generate wind current, which changes water temperature and water
density distribution. The wind current effects and water temperature variations change the
sea level. We may, therefore, reasonably conclude that the long term variations in sea level
are mainly generated by the various direct and indirect wind actions.



