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Fig. 1. Relative differences of tidal gravity factors & averaged over the major
4 constituents (M,, Ss, K, 0;) after ENpo (1985). Unit is in percentage.
Reference point is Tokyo.
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Table 1. General description of tidal gravity
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stations.

Station Abbreviation Location Height (m) Gravimeter Remarks
Tokyo TKY 35.716°N 20 G447 Earthquake Research
139.763°E D 63 Institute,
underground room.
Fukushima FKS 37.678°N 160 D 63 Fukushima University,
140.457°E Faculty of Education,
basement.
Knazawa KZW 36.565°N 50 G447 Kanazawa University,
136.663°E Faculty of Science,
basement.
Table 2. Observation periods.
No. Station Period Gravimeter
1 Fukushima Oct. 2, 1984~TFeb. 14, 1985 D 63
2 Kanazawa Aug. 30, 1985~Nov. 23, 1985 G447
3 Tokyo May 11, 1986~ Aug. 22, 19386 D 63

B, SR, R LD

3. B M

&

Hizouw T, Tables 1, 2 ICiRT.

ENDO (1985) &35 &% {07012, VENEDIKOV D J5 % Bl 2t - L7 (VENE-
DIKOV 1966). f#iTisHE% Table 3 1.

Table 3a. d-factors and phase differences (x) obtained by the gravimeter G447.

M, S. K 0,
Station i x i x i r ik
(degree) (degree) (degree) (degree)
Tokyo 1.202 0.58 1.213 —0.38 1.208 —0.52 1.217 0.88
+0.005 £0.08 £0.006 +0.15 =+0.006 =+0.12 =+0.006 -=+0.17
Kanazawa 1.202 0.44 1.207 0.19 1.188 —0.27 1.207 0.45
+0.001 =+0.04 =£0.001 =+£0.06 =0.001 =40.07 =+0.002 =0.08
Table 3b. d-factors and phase differences (r) obtained by the gravimeter D63.
M, S. K 0,
Station I} £ 0 £ 0 K 6 K
(degree) (degree) (degree) (degree)
Tokyo 1.200 0.59 1.216 0.04 1.198 0.01 1.219 0.88
+0.001 =+0.02 =£0.001 =+=0.06 =+0.001 =+0.05 ==0.002 -0.07
Fukushima 1.185 1.11 1.209 0.63 1.182 -0.51 1.204 1.09
+0.001 =+0.03 =£0.001 -=0.06 =+0.001 =+0.05 =40.002 =+0.07
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Table 4a. Ocean tide effects on gravity for the M, constituent.
Adjacent to
Global Ocean Around Japan the station Total
Station
Amp. Phase Amp. Phase Amp. Phase Amp. Phase
(zgal) (degree) (ngal) (degree) (rgal) (degree) (zgal) (degree)
Tokyo 0.32 335.3 2.16 27.81 0.04 12.38 2.41 21.5
Fukushima 0.21 344.1 1.85 42.47 0.18 59.09 2.14 38.9
Kanazawa 0.39 328.9 1.72  29.86 0.04 86.67 1.96 20.8
Table 4b. Ocean tide effects on gravity for the S, contituent.
Adjacent to
Global Ocean Around Japan the station Total
Station
Amp. Phase Amp. Phase Amp. Phase Amp. Phase
(zgal) (degree) (e gal) (degree)  (zgal) (degree)  (zgal) (degree)
Tokyo 0.20 356.9 0.92 359.61 0.02 346.47 1.14 358.91
Fukushima 0.20 5.1 0.82 11.17 0.09 29.09 1.10 11.58
Kanazawa 0.19 350.5 0.69 1.78 0.01 79.10 0.83 0.03
Table 4c. Ocean tide effects on gravity for the K, constituent.
Adjacent ot
Global Ocean Around Japan the station Total
Station
Amp. Phase Amp. Phase Amp. Phase Amp. Phase
(¢ gal) (degree)  (1gal) (degree)  (zgal) (degree)  (zgal) (degree)
Tokyo 0.65 8.5 1.562 354.41 0.02 353.88 2.18 358.59
Fukushima 0.67 16.2 1.41 358.51 0.14 9.54 2.19 4.52
Kanazawa 0.56 7.4 1.06 351.26 0.03 193.84 1.58 3856.55
Table 4d. Ocean tide effects on gravity for the O, constituent.
Adiacent to
Global Ocean Around Japan the station Total
Station
Amp. Phase Amp. Phase Amp. Phase Amp. Phase
(zgal) (degree) (1 gal) (degree)  (ngal) (degree) (e gal) (degree)
Tokyo 0.50 28.23 1.19 15.65 0.02 15.21 1.70 19.3
Fukushima 0.53 35.72 1.10 19.30 0.10 29.54 1.71 24.9
Kanazawa 0.43 25.76 0.84 12.00 0.03 213.84 1.24 16.2

Table Ba. d-factors and phase differerences (x) obtained by the gravimeter
G447 after ocean tide corrections.

Mg SZ Kl Ol
Station 5 M ) r P 5 £
(degree) (degree) (degree) (degree)
Tokyo* 1.156 —0.24 1.164 —0.32 1.156 —0.46 1.163 0.02
Kanazawa 1.166 —0.24 1.169 0.20 1.150 —0.17 1.167 —0.10

* After ENDO (1985).

Table 5b. d-factors and phase differences (r) obtained by the gravimeter D63
after ocean tide corrections.

M- S. K 0,
Station P . P c P x
(degree) (degree) (degree) (degree)
Tokyo 1.1564 —0.24 1.167 0.12 1.146 0.10 1.165 0.02
Fukushima 1.150 —0.28 1.159 0.16 1.130 —0.74 1.1562 —0.05
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Fig. 2. Relative differences of tidal gravity factors 6. Empty triangles are after this
study while the solid ones are after ENDoO (1985). TUnit is in percentage. Reference
point is Tokyo. (a) M, (b) S: (c) K; (d) O,.
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Fig. 3. Relative phase differences #. TUnit is in degrees. Empty squares are after this

study while the rest are after ENDo (1985). Unit is in degrees. Reference point
is Tokyo. (a) M, (b) S: (¢) K; (d) O..
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Tik, TSUKAMOTO & NAKAGAWA (1978, 1980) D F 4 — b AV e, =D X b efililEE
1%, ENDO (1985) LEE& LT\ 5. @MW O RET mAHZLD Biiv e fpElc s
Table 4 R3. =2 CTHETOMIEEfA ENDO (1985) bRt TWw5b., Zh
1%, ENDO DAJIF — 210 =F —NH-72iedTHDH. Lirl, TORKER 0.1% LT
TH-T, Eofmciza e s TS,

VPRI ORMIERIE Lich & D, (6, ©) % Table b iR, B D (9, r) Il
LLicEED, FanboTh (46, 48) OIFo %Y Fig. 2, Fig. 8 WiRT.

4. #% (o

THHEBET 4 — F5y 7 BNerss LR, IR EREHTEDL L5108
Foo SEEE, MAEART - Th, ERITHTD 6, 0) 1, TRTCOFECDWT, &b
TR —F LR ESRT w5 (Table ba, b). it Ei:, FEHEW O OBEME
DRERIXFITHZ Lidhins.

45 DfER, WHELROWHFOWT, iR 1% DRk » T35 (Fig. 2). =
OFEFAL, PMIUFEE»DEE 1D E ¢ Oz (I REXRDONLL 8D EVD T
EETWT 5. ENDO (1985) 2 L7 6 o hiBILER RO & T 5 RGFRO
HIRICRE IR T BDT, bhbh o L JafmT 5.

FIEILFR© 6 o RESNHA S FERC oL, HED L ZAMEDO W Bt hcx
bR, Aie &b (1) ¥Ry ouiEiRzE, Q) K4EEl, 8) WTK, @) P
TRED ST T 0.1% BRENTHIUTTHD 2 EhbhhoT% (ENDO 1985).

FOMCELBRLEEL LT, 6) BRI A EERTHAEAFICRIETEIR,
6) HTHE DK ERMREBIER ERHITbRE., 205 b (B) 2\ TiE, X 100m
D EDEEEEN B 5T, HoKTFEROE 2 1S58, 4 S CllwBl LT 0k
AT 2FETHD. T (6) 122oWTik, KSEFARHTINEEHE L bhBRkiy i
HOWIEEAED NI D 5.

3 53
ARRRHATIChHich, WERFLTHETTE VLR, EIHALE LD CCSIHFRE

PSR s DRI OTT 2 O S e, FRSRKEREMT R T, W5
W#EB L, BHEHO A4 vFrvaRsohbhic., T, EIELE LEF 5.

2 £ X B

Expo T., 1985, An experimental study of regional heterogeneities of gravity tides in
central Japan, Bull. Earthq. Res. Inst., Univ. Tokyo, 60, 39-86.

FARRELL, W. E., 1972, Deformation of the earth by surface loads, Rev. Geophys. Space
Phys., 10, 761-797.

HarrisoN, J. C. and T. SaTo, 1984, Implementation of electrostatic feedback with a
LaCoste-Romberg model G gravity meter, J. Geophys. Res., 89, 7957-7961.



338 e L U&RI ST 2Ty

MELCHIOR, P. and M. DE. BECKER, 1983, A discussion of world-wide measurements of tidal
gravity with respect to oceanic interactions, lithosphere heterogeneities, Earth’s flatten-
ing and inertial forces, Phys. Earth Planet. Inter., 31, 27-53.

SCHWIDERSKI, E. W., 1980, On charting global occan tides, Rev. Geophys. Space Phys., 18,
243-268.

ScuwIDERSKI, E. W., 1983, Atlas of ocean tidal charts and maps, Part 1: the semidiurnal
lunar tide M., Mar. Geod., 6, 219-265.

SHIMADA, S., 1979, Earth tidal gravity observed at the Aburatsubo Crustal Movement
Observatory, J. Phys. Earth, 27, 383-394.

Tsuramoro, H. and I. NAKAGAWA, 1978, On effects of oceanic tides upon gravimetric tides
for diurnal constituents, J. Geod. Soc. Japan, 24, 226-233.

Tsukamoro, H. and I. NAKAGAWA, 1980, On effects of oceanic tides upon gravimetric tides
for semidiurnal constituents, J. Geod. Soc. Japan, 26, 26-34.

VENEDIKOV, A. P., 1966, Une méthode pour l'analyse des marées terrestres a partir d’enre-
gistrements de longueur arbitraire, Comm. Obs. Roy. Belgique, 250, Sér. Géophys., Ti,
463-485.

Gravity Tide Observation at Fukushima and
Kanazawa, Central Japan

Shuhei OkUBO, Hirokazu TAJIMA and ICHIRO MURATA

Earthquake Research Institute

We present tidal gravity factor ¢ and the phase # at Fukushima and Kanazawa. The
departure of ¢ from that at Tokyo is 1% or less for both sites. The result supplements
the ENDO (1985)’s conclusion that the strong anomaly of & is confined to the mountainous
area in central Japan.



