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Table 1.

A Qe

of primary variation by B.P. Pertzev’s method.

Results obtained from the harmanic analysis after elimination

Ground-water level Land surface
Component -
Amplitude | Phase lag | Amplitude | Phase lag
m mm

M. 0.6296 —160:4

Se 0.2867 —158.9

Oceanic tides K, 0.2410 —~175.2

O, 0.1805 —174.1

S, 0.0094 158.5
M, 0.1820 —133.1 0.2440 — 6137
S, 0.0809 —132.5 0.1063 - 72.1
-3 K, 0.0660 —163.8 0.1148 —133.0
(o}t 0.0510 —162.5 0.0970 —135.8
S, 0.0116 -177.0 0.1716 —165.9
M. 0.3049 —121.8 0.3006 — 66.2
S; 0.1394 —119.9 0.1328 — 70.8
o-4 K, 0.1282 —148.0 0.1521 —116.7
0, 0.0951 —152.3 0.1189 —127.8
S, 0.0221 —114.8 0.1366 —168.0
M; 0.1645 — 85.0 0.0646 - 27.7
S; 0.0856 — 80.0 0.0318 5.3
m-3 K, 0.0772 —124.7 0.0134 - 90.5
O, 0.0475 —128.3 0.0207 —103.3
Sy 0.0818 91.0 0.2275 —160.6
M, 0.0205 15.1 0.0826 88.4
S 0.0085 34.9 0.0332 121.2
1-3 K, 0.0265 - 8.3 0.0248 22.7
0, 0.0147 — 45.2 0.0064 — 5.8
S, 0.0721 112.5 0.2759 —155.5
M, 0.0076 83.0 0.0892 130.3
S. 0.0031 91.9 0.0340 161.9
1-4 K, 0.0054 - 8.3 0.0399 35.3
0O, 0.0024 — 13.3 0.0159 15.1
S, 0.0029 64.6 0.3158 —167.7

T KA R B A &, VBT WETT e, Mo &R T, M s S
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5, ZDXHIEHORE WG, HYs phase lag ZLoT, MTFKRMIZENLS
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Table 2. Phase lag; —Phase lago.r.

M, | S K, O, S,

-3 2723 1 2604 11:4 11:6 2435

-4 38.6  39.0 27.2 21.8 86.7

Ground-water lever | II-3 75.4 | 78.9 50.5 45.8 292.5
1-3 175.5 ; 193.8 136.8 128.9 314.0

1-4 243.4 250.8 166.9 160.8 266.1

-3 98,7 86.8 42.2 38.3 35.6

-4 94.2 88.1 585 46.3 33.5

Land surface m-3 132.7 153.6 84.7 70.8 40.9
1-3 | 248.8 | 280.1 197.9 168.3 |  46.0

I1-4 290.7 320.8 210.5 189.2 | 33.8

EWVS T L, MWTTRASIREY OEHBLEBENIZIT T D EEALNS,

MR T FORAAER AR 2 vs, FNTHHEEEEDO M. SiE S 41, BB
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Table 3. Amplitude ¢.w./Amplitude o.r. Table 4. Amplitude 1, s./Amplitude o.r.
M. S. M, S.
o-3 0.289 0.282 x 10-3 x 103
o-4 0.484 0.486 -3 0.387 0.371
-3 0.261 0.298 I-4 0.477 0.464
1-3 0.033 0.030 m-3 0.103 0.111
1-4 0.012 0.011 1-3 0.131 0.112
1-4 0.141 0.119
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Table 5. Amplitude s,/Amplitude u,

I 0. tide -3 -4 m-3 1-3 1-4

Ground-water level | 0.455 0.450 0.458 0.518 0.416 0.411
Land surface 0.436 ‘ 0.443 0.492 0.390 0.381
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17. On the Influence of Oceanic Tides wpon Ground-
Water and Surface Layer of Land, I.

By Shawzou KOMAKI,
Earthquake Research Institute.

1. Introduction.

For a number of years the influence of oceanic tides upon ground water and surface
layer of land has been known. By comparing harmonic constants of a component of
oceanic tides with these of the same component of periodic flucuations of ground-water
level or of land surface, it was concluded by some investigators that oceanic tides exerted
some influence on both phenomena. However, their discussions are not always sufficient,
which may be due to a short period for harmonic analysis and imperfection of elimina-
ting zero line.

As mentioned in a previous paper, available data are hourly observed values during
about a one year period at 00 hour 1st Jan. 1964 to 07 hours 4th Jan. 1965 in convec-
tion with ground-water level and land surface observed on observation wells in the
Yokkaichi area.  Zero line was eliminated from all the hourly observed values by the
method proposed by B.P. Pertzev which was ascertained to be excellent by many inves-
tigators.

In the following the detailed considerations about the influence of oceanic tides upon
ground water and surface layer of land are discussed.

2. Harmonic analysis.

Variations of both the ground-water level and the land surface observed on the
observation wells are generally composed of two parts. That is, one is a primary varia-
tion with long period due probably to ground-water withdrawal only, and the other is
a variation caused by oceanic tides, meteorological and other factors, such as air tem-
perature, solar radiation and daily withdrawal, with periods of about one day or less.
In the previous paper, the primary variations, namely zero lines, of both the ground-
water level and the land surface on each observation well were discussed, after elimi-
nating effects of factors with short periods by applying Pertzev’s method. On the con-
trary, in the present paper, the variation due to oceanic tides, meteorological and other
factors is investigated in detail, after getting rid of the zero line.

After eliminating the zero line, the hourly values of both the ground-water level
and the land surface were harmoniously analysed by the method of least squares into
components, of which periods are the same as those of oceanic tidal components —
M, (principal lunar semi-diurnal component), S; (principal solar semi-diurnal component),
K. (luni-solar declinational diurnal component), O, (lunar declinational diurnal com-
ponent) and S; (meteorological diurnal component) , in order to obtain harmonic con-
stants. These hourly values used in each calculation range from 18 hours 1lst Jan. 1964
to 13 hours 3rd Jan. 1965, and are 8828 in number, assuming there is no omission
in recording. Calculetions are also carried out by the ‘IBM-7090" as well as the calcu-
lations of determining the zero line. In the same way, calculations are carried out con-
cerning the tide curve observed at the tidal station which is about 200 metres away
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from the 2nd observation station.
From the harmonic constants, hourly expected values, hourly residuals——differen-
ces between the hourly expected values and the hourly observed values eliminating the

zero line——, and a mean square error were calculated in the course of the program
calculating the harmonic constants. Both the residuals and the mean square error are
very small. It becomes evident that the amplitudes of the components which are not

discussed are too small to be expected of deducing any significant results from the ob-
servational data.

3. Discussion.

In Table 1 are shown the observed amplitude and the phase lag at 00 hour Ist Jan.
1964 of each component obtained by harmonic analysis. A standard error of each har-
monic constant computed from the mean square error and coefficients of normal equa-
tions on method of least squares is sufficiently small. Namely, the error of each amply-
tude is of the order of 10—, and one of every phase lag is of the order of 0.1° at the
most.

Concerning S,-component, a glance at Table 1 shows that the amplitudes are fair-
ly small as compared with those of the other components and the phase lags scatter all
range about the ground-water level. On the other hand, for the land surface, the am-
plitudes are considerably large and the phase lags distribute around a certain value,
that is —155°~ —168°. It seems supposedly that S,;-component has a deep significance
on the land surface but not on the ground-water level. From considerations in the
previous paper, however, the phenomenon is believed to be ascrived to bending of the
steel beam on which only a measuring apparatus of subsidence is attached, by expansion
due to air temperature and solar radiation.

In the following, discussions concerning relations between oceanic tides and the
ground-water level or the land surface are described for the deeper observation wells
of the three stations of which calculations are completed.

1. Phase lag. In Table 2 are given different values in phase lag between each com
ponent of oceanic tides and that of the ground-water level or of the land sur-
face on the respective observation wells. Regarding ground-water level, the differ-
ent values in phase lag are similar between the two semi-diurnal components,
M;-component and S;-component, and between the two diurnal components, K-
component and O;-component, on the individual well. This relation on phase lag
is found in the land surface too, though it is some worse in similarity.

2. Amplitude. With regard to Mz-component and Sz;-component, ratios in amplitude
between the ground-water level and oceanic tides on each observation well are
shown in Table 3. A similar ratios between the land surface and oceanic tides
are shown in Table 4. The influence in amplitude of oceanic tides on the ground
water is 30~50% on the wells near the coast and about 1~3% on the inland wells,
and that on the land surface is of the order of 10~¢. In Table 5 are shown ratios
in amplitude of S;-component to M;-component as to oceanic tides, the ground-
water level and the land surface on each well. These ratios distribute around the
ratio about oceanic tides, 0.455.

From the significant results above-mentioned, it can be concluded that oceanic tides have
a direct influence upon both ground water and surface layer of land.



