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Introduction.

In his previous papers,” the writer compared curves of the monthly
mean sea-levels for Aburatubo, Sagami Province, and for Hosozima,
Hytga Province, corrected for the effect of the cyclones that frequent

- the Pacific Coast, and also for that of the “ Kurosiwo” ocean current,
when it was shown that a parallelism was observed between the two
curves. The present paper is a continuation of these papers. It deals
with changes in monthly mean of the sea-levels at Aburatubo, at Hoso-
zima, and also at Kusimoto, Kii Province, the object of the study being
to obtain the small residual anomalies of the monthly mean sea-levels
after making due corrections for the effects of the cyclone and for the
ocean current, and to detect the actual deformation of the earth crust,
if any, from the mareograph data.

The data of the sea-level for Aburatubo and Hosozima were taken
from the “ Tidal Record,” published by the Military Land Survey, and
that for Kusimoto from ¢ Tidal Observation” published by the Imperial
Marine Observatory, Kobe. The latter data are grouped according to
the Moon’s age, that is, monthly mean values were taken for the period

between two successive full moons.
The data of the ocean current were taken from ¢ Reports of Ocean

Current,” published by the Hydrographic Department of the Imperial
Japanese Navy, and those of the barometric pressures from the Monthly
Report of the Central Meteorological Observatory in Japan. The values
at Yokosuka, Siwonomisaki, and Miyazaki were used instead of those
of the mareograph stations of Aburatubo, Kusimoto, and Hosozima.

Method of Investigation, and Results.

The procedure was as follows. '
Taking the monthly mean sea-levels for the stations mentioned

1) S. Yamacuti, Bull. Earthq. Res. Inst., 7 (1929), 115, 8 (1930), 75.
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Fig. 1. a: Observed sea- Hmﬁmm b: mam water temperatures, o Barometric pressures.
A: Aburatubo, K: Hmc.mmE.oS H: momou_gm )
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during a period of 11 years and 8 months, namely, from May, 1926 to
Dec., 1937, the values of the deviations 4L (140 in number) from the
mean values for the eleven years and eight months were calculated and
plotted against the month which was taken as abscissa, as shown in Fig.
1, a. It will be-seen that there is a marked variation in the heights of the
monthly mean sea-level with an annual period, which is minimum in March
or April and maximum in September or October, and which may be
due in part to variations in the sea water temperature or density, pro-
bably the effect of the ocean current and other meteorological causes,
with results similar to those shown in the writer’s earlier papers just
cited. ‘

The values of the sea water temperatures and the east and the
north velocity components of the ocean current were taken from the
values for points not far off the coasts of the respective stations on
the chart, “ Reports of Ocean Current.”” Their monthly mean values
were calculated, and the values of the respective deviations 47, 4V,
dV, deduced from the mean values for 140 months, and the values
of JT plotted as shown in Figs. 1, b.

The monthly mean barometric pressures, which may be regarded
as including the monthly mean cyclonic effect upon sea level, were also
taken, and the values of the deviations 4b from the mean for 140 months
were calculated and plotted, as shown in Fig. 1, c.

The values of the correlation coefficients r between /L and 4b, 4T,
dVe, dVn for Aburatubo and Hosozima were calculated by the usual
Sdxdy
VS ()T ()’

n is the total number, the results being sholwn in the annexed Table.

formula r=

. . 1—12
the probable error in 7 being ] /% where

Table I, (a). Correlation Coefficients for Aburatubo between
the two elements in the first column, top row.

{
L

© Sea level Sea level Sea water
‘ (original) (corrected) temperature

Barometric pressure ‘ —0:294£0:077 —0-302:40:077
Sea water . .

temperature 0-750+0-037
N-comp. of current 0-165::0-082 0-044+0-084 0~147i0-683

velocity
E-comp. of current 0-157:0+082 0-100:0-084 0°129:0-083

velocity
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Table I, (b). Correlation Coefficients for Hosozima between
the two elements in the first column, top row.

Sea level Sea level Sea water
(original) (corrected) temperature
Barometric pressure —0-5784:0-056 —0:547::0-059
Sea water .
temperature 0-765::-0-035
N-comp. of current 0-076 4 0-084 —0-171::0-082 0-085:4:0-084
velocity : - -
E-comp. of current —0-072::0-084 —0-023::0-084 0-009:0-093
velocity -

It will be seen from these tables that although the effect of sea
water temperature upon sea-level is very marked, followed by that of
barometric pressure, the dynamical effect of the ocean current falls
short of that expected.

In- view of these results it was assumed that the height of the
sea-level is affected only by the barometric pressure and by the tem-
perature of the sea water not far off the tide gauge station, that is,
dL=p_.b+qdT. In determining coefficients p and ¢ by taking first the
theoretical value for p, namely p= —13-2, the values of JL'=JL—pdb
were calculated, and the JL/-1T-diagram was then drawn as shown in
Figs. 2, a, b, ¢. The values of ¢ thus obtained graphically were 20
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Fig. 2, a. AL/ AT —diagram.
for Hosozima and 10 for Aburatubo, which results may not be far out,
judging from the probable range of the change in density dp=+10-3,
and also from the mean depths of the water not far off Hosozima and
Aburatubo, which are about 170 and 90 metres respectively.




vart 1.1 Monthly Mean Sea-level at Aburatubo and Hosozima. 43

With the aid of these values of ¢, the heights of the monthly mean sea-
level were corrected, that is, JL"=AL'—qdT were calculated and plotted
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Fig. 2, b. AL/ — AT - diagram.

against the month that was taken as abscissa, as shown in Fig. 3.
Even then, parallelism will be seen between the two curves that show
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Fig. 9, ¢. 4L’ - 4T —-diagram.

the corrected changes in the heights of the monthly mean sea-level at
Aburatubo and Hosozima, which suggests a parallel. movement of the
earth’s crust in that region where the two stations are situated.

To check this possible conclusion, the data for Kusimoto were also
treated in the same way as in those of the above two stations. The
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curves for sea-levels, both original and corrected for both the sea water
temperature and the barometric pressure, the JL’-dT-diagram is plot-
ted for comparison, as shown in Figs. 1, 2, 3, respectively, the value
of ¢, obtained graphically, being 20. The correlation coefficients in this
case are shown in Table 1, c.

Table I, c. Correlation Coefficients for Kusimoto between
the two elements in the first column, top row.

Sea-level (original) Sea water temperature

!
|
Barometric pressure —0-4252:0-069 l —0:596-0-054

Sea water temperature 0-741-:0-038

Next, the values of the coefficients p and ¢ in the equation JL=p.b
+ qAT were determined by the method of least squares, using the formulae
_ SMLAbSN(AT)2—SNIL AT S\Ib AT
T S(4b)EX(AT)E— (54bAT)E
(b)Y ESALIT — S0 AT S AL b
T (4b)E(AT) — (04bAT)E

or )
p= Varan—"VararTanar /D (dL )2
1—7%r Si(4b)?’

_Ta a7 ParaVarar /20( AI:T z.
1—7%ar >3(47)* ’

=—1'5} P= 0'92} and p=-T1

g= 133) q=208 qg=19'5
tubo, Kusimoto, and Hosozima, respectively, 4L and 4b being. measured
in millimetres and mm Hg, and 47" in degrees. With these values of p
and ¢, the residual values of the sea-levels JL'=JL—pdb—qdT were
calculated and plotted, the general trend of the changes in the corrected
sea-level JL” being shown by dotted lines in Fig. 3.

Comparing these three curves for Aburatubo, Kusimoto, and Hoso-
zima, it will still be seen that they are parallel for many months, and
that the correlation coefficients between each two of them are very
nearly 1, as shown in Table 2, which may be due to some unknown
factor that may affect the heights of the sea-levels.

In order to ascertain the gradual changes in the heights of the

when } were obtained for Abura-
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mean sea-levels, the values of the annual mean sea levels for a number
of mareograph stations were calculated and plotted as ordinates against
the year taken as abscissa, as shown in Fig. 4. All these graphs seem
to show appreciable downward displacement of the earth’s crust from
1927 to the end of 1937 at the rates of 8 mm a year for Aburatubo
and Kusimoto, and 13mm a year for Hosozima. Moreover, marked
parallelism is seen between the two corrected curves of the yearly mean
sea-levels for Aburatubo and Kusi-
moto, showing rather conspicuous
minima in 1927 and 1934, with an <ol
interval of about 7 years. The con- 5o} ' Aburatuboy
spicuous minima in 1934 for Abura- o D
tubo and Kusimoto, but not for :jg: ﬂ N Ku:f;;taor}
Hosozima, may show the effect of L
the cold ocean current “Oyasiwo”  4of
upon the sea-levels. P

From the results of the studies
described in the papers already cit-
ed, and of the present study, it may <ok
be said that at Aburatubo, at any 20
rate, a downward displacement of 2‘; 3
the earth’s crust continued from | 4ar
the Great Earthquake of Sept. 1, -
1923, until the end of 1937, show- -
ing some small vertical oscillatory Fig. 4. Annual mean sea-levels.
motions with a period of about three or four years—a point that may
be worth following up.

- Next, the correlation coefficients between the monthly mean sea-
levels, observed or corrected, for Aburatubo, Kusimoto, and Hosozima
were calculated and tabulated, with results as shown in the annexed Table.

1936 1928
T T

» 1926 1928 1930 1932 193
gL B2 1928 1930 1952 1934
mm
60

Table II. Correlation Coefficients between Sea-levels.

Sea-levels
Between two
stations Observed Corrected Corrected by the method
(or original) graphically of least squares

Aburatubo and
Hosozima

0-806-:0-030

0655 0-048

Aburatubo and
Kusimoto

0-817-:0-028

0-533£0-061

0-645::0-049

0-6084-0-053

The correlation coefficients between two stations for the observed

or original values of the sea-levels seem to have greater values than
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those for the residual values, which is probably because of the parallel
variation in the sea water temperatures and the barometric pressures
at the stations mentioned. L

Finally, the probable errors ¢=0.6745 nzld—; of the observed, as
well as of the corrected deviations JL and 4L” from the monthly mean
sea-levels were calculated, resulting in the numerieal figures of the follow-
ing Table.

Table II1I. Probable Errors ¢ in millimetres.

Sea levels
s Corrected Corrected by the | Deviations from

Stations | Observed | o oyhically | method of least inclined time

squares axis €a

€o €1 €2 . €3 €0

Aburatubo| 49 37 32 } 28 | 057
Kusimoto | 69 56 46 | 43 ’ 0-62
Hosozima ! 75 49 46 ! 34 ’ 0-45

By taking into account the downward motion of the earth’s crust
shown in Fig. 4 and deducing the deviations in the sea-levels AL
from the inclined time axis with proper inclination (8 mm a year for
Aburatubo and Kusimoto, and 13 mm a year for Hosozima), instead of
taking the original mean for 140 months, the probable errors can be
reduced from those given in the third column of Table 8. The results
are shown in the fourth column of the same table. Such small values
of probable errors for the residual values of the sea-levels, which are
about 60 percent for Aburatubo and Kusimoto and 45 percent for Hoso-
zima of the probable errors of the observed or original values, may show
the importance of the corrections for the barometric and density effects.
Consequently, by applying the corrections for atmospheric pressure and
for the ocean current, or the density effects (the dynamical effect of the
ocean current may be negligible here) upon the observed values of the
monthly mean sea-levels, it may be possible to detect an actual deforma-
tion of the earth’s crust from the mareograph data.

In conclusion, I wish to express my best thanks to Dr. N. Miyabe
for the many useful suggestions made me in the course of this study.
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