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Tidel Observation by means of Borehole Volume Strainmeters ‘

A, Fukudome
(Earthquake Prediction Information Division, J. M. A.)

The earth tides are investigated using the data of Borehole volume strammeters installed
by J.M.A.in Tokai and Southern Kanto Districts.
The spectral analysis shows that the observed volumetric strains are highly mﬂuenced by

the environmental characteristics of each station.

In general, observed amplitudes of earth tides are small at the stations where the

sensitivity to the variation of atmospheric pressure is high, and large at the stations where the
sensitivity to the seismic wave (Rayleigh wave with a period of 40 sec.) is high.
As for the M., there is a difference of 260 times between the largest amplitude and the

smallest one.
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Fig. 4 — 1 Daily mean values are plotted.
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Fig. 4 — 2 Daily mean values are plotted.
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Fig. 4 — 3 Daily mean values are plotted.
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Tab. 1 Ampiitudqs of S,,M,, K,, and O, constituents.

0, -

o S, , M, Ki
SI“II;;:)on Station name Ay Ratio to Ay YA Ratio 10 Ao . Ratio to
°r (x107%) | Ao/Ae |y, (x107%) | Ao/Ae | (x1079) | Ao/Ac M, | (x1079) | Ao/Ae |y,

1 ITRAKO 7.38 117 0.40 1848 1.36 1217 1.13 0.66 11.46 1.50 0.62
2 GAMAGORI 6.86 1.08 0.44 15.54 113 12.83 1.17 . 0.83 L1214 1.57 0.78
3 MIKKABI 4.96 0.79 0.48 . 10.28 0.75 5.34** 0.49 0.52 7.28 0.95 10.71
4 TENRYU 6.00 0.89 042 14.30 0.98 10.93 0.94 0.76 10.57 1.28 0.74
5 KAWANE © 902 1.34 0.46 19.67 1.36 |.13.83 1.18 0.70 1324 1.60 0.67
6 HAMAOKA 0.65 010 1.31 0.50 0.04 0.089** 0.01 0.18 0.66* 0.09 1.33
7 OMAEZAKI 597 0.93 0.72 831 0.60 4.99 0.45 0.60 3.08 0.40 0.37
8 ' HAIBARA 361 056 0.42 851 062 5.28 0.48 ©0.62 '5.49 0.70 0.64
9 FUJIEDA 6.87 1.08 047 14.58 1.06 10.06 0.91 0.69 9.20 1.18 0.63
10 SHIZUOKA 757 1.21 491 1.54 0.11 9.13** 0.84 5.92 2.22* 0.29 1.44
11 SHIMIZU 8.72 1.37 0.44 19.68 143 14.39 1.29° 0.73 13.09 1.66 - 0.67
12 FUJ I 321 047 0.76 4.22 . 0.28 2.95%* 0.25 . 070 459 0.54 1.09
13 TOI 24.65 3.77 0.44 55.53 3.92 30.34 2.68 0.55 24.79 3.10 .0.45
14 IROZAKI 60.38 9.38 - 046 131.42 9.43 8290 7.52 0.63 64.03 8.21 0.49
15 HIGASHIIZU 6.26 0.94 0.45 1397 © 097 8.72 . 0.76 0.62 T 974, 1.20 0.70
16 AJIRO 229 0.36 026 - 865 0.63 6.27 0.56 0.72 4.56 0.58 0.53
17 YUGAWARA 9.59 1.42 043 2208 1.51 1364 1.15 0.62 12.14 1.45 . 0.55
18 'HADANO 4.20 0.62 2.24 1.88 013 1.24** 0.10 0.66 0.75* 0.09 0.40
19 HINO le.25\ 1.57 4.76 2.16* 0.15 3.59** 0.31 1.66 5.60* 0.68 2.60
20 YOKOHAMA 0.61* 010 033 1.83 0.13 1.75** 0.16 0.96) 2.06* | 0.26 1.13
21 YOKOSUKA 4.22 068 0.62 6.82 0.50 441 0.40 0.65 315 0.41 0.46
T 22 MIURA 5.30 0.83 0.64 8.32 0.60 6.25 0.56 0.75 352 0.45 0.42
23 OSHIMA 1266 1.85 0.39 32.07 217 24.78 211 0.77 2019 1243 0.63
24 FUTTSU 255 041 092 277 0.20 1.67* 0.15 0.60 1.49* 0.19 0.54
25 TATEYAMA 4.82 0.79 1.54 312 0.23 3.53 0.30 113 1.47 . 019 0.47
26 KAMOGAWA 3.26 0.52 051 6.34 0.47 362 033 0.57 312 0.40 0.49
27 KATSUURA 1983 319 0.45 4392 3.26 26.98 248 061 | 2194 2.85 0.50
28 OTAKI 0.98 0.16 0.97 1.01 0.07 116* 0.10 115 0.77* 0.10 0.76
29 NAGARA 0.45 0.07 0.35 1.29 0.09 1.01* 0.09 0.78 0.50* 0.06 0.39
30 YOKAICHIBA 047* 0.08 0.35 1.35* 0.19 3.34* 0.30 2.47 0.38* 0.05 0.28
31 CHOSHI 212 0.34 0.57 3.72 0.27 0.83** 0.07 0.22 0.79 0.10 0.21

Notes. A‘;) :Observed amplitude

A :Calculated amplttude

*

:No earth tides was detected from four

ier analyses.

** :K;, S; and P, constituents were not identified from

fourier analyses.
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‘Tab. 2 Phase and phase differences ¢ —¢_ of Sy, M,, K and O; constituents.

Station ) N o M, Ky 0,
Station name . i
Number . Po Po—Pe Po Po ~ Pe Po Po—Pe . o Po — @c
1 IRAKO 3.4 3.8 143.8 13.8 314.3 —25 85.9 3.8
2 GAMAGORI 356.3 -29 1381 8.4 3117 — 4.9 83.3 1.4
3  MIKKABT 312.6 — 46.0 139.0 | 9.9, 326.8 10.5 83.6 2.0
4 TENRYU 1.0 3.0 1282 —-0.2 319.5 3.5 84.5 3.2
5 KAWANE 359.8 2.2 135.7 7.7 308.8’ - 170 78.9 ~272
6 HAMAOKA 198.6 —158.8 80.8 —47.0 87.2 1315 93.4 124
7 OMAEZAKI 239.2 —1181 339.9 —147.8 176.7 — 1389 279.0 —161.9
8 HAIBARA 0.4 31 1313 | 3.5 321.2 5.6 80.8 —0.1
9 FUJIEDA 354.9 -24 128.9 1.2 318.7 3.1 84.3 3.4
10 SHIZUOKA 8.6 11.7 " 89.9 —37.5 303.2 - —122 48.4 —32.3
11 SHIMIZU 5.4 8.7 1319 4.8 317.5 2.2 79.9 — 0.7
12 FUJI 345.6 —10.7 1354 8.7 327.4 12.3 72.8 —~17.6
13 TOI 11.7 15.5 120.1 — 6.5 .327.0 11.9 76.9 —35
14 IROZAKI 12.6 16.6 117.3 —92 323.0 8.0 67.6 —127
15 HIGASHIIZU 356.7 11 131.2 5.1 - 324.5 9.7 73.8 —6.3
16 AJIRO ' 308.9 — 46.6 © 945 —31.5 0.1 45.4 86.0 4.0
17 YUGAWARA 344.0 — 115 123.1 —29 313.9 - —0.8 78.0 — 20
18 HADANO 290.9 — 64.4 162.1 36.3 322.6 8.0 190.9 111.0
19 HINO 228.3 —126.1 11 —123.8 65.2 111.0 . 268.0 —171.5
20 YOKOHAMA 290.6 —64.0 114.4 —10.7 1343.6 29.3 75.7 —39
21 YOKOSUKA 173.7 179.4 277.9 153.2 "124.2 170.1 . . 254.4 175.0
22 MIURA. 332.2 — 227 120.3 —5.0 299.0 — 154 63.4 —163
23 OSHIMA 7.4 12.4 110.2 —15.2 329.9 15.4 75.3 —4.5
24 FUTTSU . 207.3 —146.3 300.4 176.4 186.1 — 1277 47.3 —31.8
25 TATEYAMA 66.0 72.0 59.5 —64.9 . 331.2 17.2 47.1 — 332
26 KAMOGAWA 340.0 —139 110.8 —13.6 2935 —20.4 73.0 ~6.2
27 KATSUURA 340.4 —127 87.1 —36.4 3129 —0.6 60.1 — 187
28 |  OTAKI 309.0 — 443 143.9 20.1 234.0 — 796 44.2 — 347
29 NAGARA =~ 192.4 —160.9 317.7 —166.0 148.9 — 164.7 41.7 —37.2
30 YOKAICHIBA 280.3 —72.4 322.1 —161.0 © 751 121.8 109 —67.7
31 CHOSHI 7.7 15.7 127.3 4.8 248.4 — 64.6 33.0 —453

Notes :*The -phas‘g is the value of ¢ in Acos. v(a)t—y;) ,in which the

time origin is adopted as 00" 00™ on January 1, 1982 (JST).

e, : Observed phase
P, : Calculated phase
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Fig;7 Spectra of volume ‘strain data from
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Fig.9 The volume strains corrected by
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Fig.10 The volume strains corrected by
atmosphéﬁ; ﬁressure and the
theoretical volume strain at Omaezaki
for March 1982.

Tidal constants are assumed as
h =0.60, k =0.24, 1 =0.08 and
a-dh/dr = —1.40
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Fig. 13 Relationship between the distance

from the nearest coast to the

- observation point and amplitude of
M., constituent.
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Fig. 15 Comparison between strainmeter
outputs for Rayleigh waves from
near New Zealand earthquake, May
25, 1981 and relative amplitude
of M2 constituent.

The abscissa is the residual from
the straight line AB .in Fig.13.

" Notes : Sensors of the Borehole
volume strainmeters at
stations expressed by
circles are more sensitive
for seismic waves than the
others.
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