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GROUND TILT OBSERVED AT MUROTO (N-S COMPONENT: 1990-1992)
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Synopsis

Continuous observation of ground tilt with a water-tube tiltmeter (North-South component,
span: 51.60 m) are being performed at the Muroto-misaki (Cape Muroto) meteorological station,
JMA.

Data obtained during the period from April, 1990 to August, 1992 (about 28 months) were analyz-
ed. Tidal constants of ground tilt (M; and O, constituents) were concordant with theoretical ones in
which solid earth tide and oceanic tidal loading were included. Disturbances caused by precipitation
and temperature change were roughly removed by using simple models. Secular change rate of the
tilt in N-S direction was estimated to be 1.5+0.2 x 10~° rad/yr (South-down).

The continuous observation of ground tilt at Muroto will be effective to monitor the crustal move-
ment associated with subduction of the Philippine Sea plate.
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Fig. 1. Location of Muroto. Arrows show the relative velocity vectors of the Philippine Sea plate by Seno”.
Rectangles are horizontal projections of fault planes of the 1946 Nankaido earthquake by Ando?.
(Modified from Tabei et al.”)
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Fig. 2. Installation of instruments. A, B, C and D: Concrete room for setting a detector of water level, a
thermometer and a barometer. WLA, WLB, WLC and WLD: Detector of water level. PB:
Barometer in concrete room B. CI1T: Thermometer in concrete room C. R: Rain gauge.
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Table 1. Constants of the sensors in Muroto

Sensitivity on recording chart

Sensor Apr. 17, 1990 (0h) | after
symbol to Feb.15, 1992 (15h) Remarks
Feb. 14, 1992 (3h)

WL A 0.4547 mm/V 0.4209 mm/V Downward West
movement | 47.50 m
WLB breakdown 0.4130 mm/V of East
------------------------------------------------------- water  f----------
WLC 0.4012 mm/V 0.3988 mm/V level North
(+) 51.60 m
WLD 0.4552 mm/V 0.4366 mm/V South
Atm. pressure
PB 61.44 hPa/V increase (-—)
Temperature
C1lT 25 K/V increase (+)
R 1 mm/mV Precipitation

N-down

5x10°¢ rad i

increase ;

20 hPa Q

. Atmospheric
pressure

increase :

20 X f: s T T - Temperature

40 mm/hourI: do . L \ J I ,_3 Precipitation

1982

Fig. 3. Hourly data during the period from May 1, 00h00m to June 30, 23h00m, 1992 (JST). Tilt: Water-
tube tiltmeter WLC-WLD. Atmospheric pressure: Barometer PB. Temperature: Thermometer

CIT. Precipitation: Rain gauge R.
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Fig. 4. Daily averaged data during the period from April 17, 1990 to August 22, 1992. Tilt: Water-tube
tiltmeter WLC-WLD. Temperature: Thermometer C1T.. Daily precipitation (bar chart): Rain
gauge R and Muroto-misaki AMeDAS station (JMA).
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Fig. 5. Spectra of tilt (N-S component: 8192 hourly data)
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Table 2. Tidal constants for ground tilt (N-S component) at Muroto
(Feb. 16, 1992-Aug. 22, 1992: 189 days)

Mz 01
Amplitude Phase (lag:—) Amplitude Phase (lag:—)
x 108 rad deg. X 1078 rad deg.
OBSERVED 16.4 0.4 10.2 5.3
(I_QMSE) (0.6) 2.0 2.0) (11.9)
EXPECTED
1066A 19.0 4.9 7.9 8.4
G-B 12.4 3.4 5.7 7.4
Notes:

OBSERVED: by a computer program ‘BAYTAP-G'*
EXPECTED: by a computer program ‘GOTIC!Y
1066A: 1066A earth model '?
G-B: Gutenberg-Bullen earth model ¥
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Fig. 6. Correction for disturbances by precipitation.
observed: Observed daily averaged tilt
tank model: Out-put of the tank models
corrected: Corrected daily averaged tilt=observed —tank model
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Fig. 7. Estimation of secular change rate of ground tilt (N-S component) at Muroto during the period from
November 8, 1990 to August 22, 1992. Thick solid line shows daily averaged tilt corrected for
precipitation (“corrected” in Fig. 6). Straight solid line shows estimated secular change of tilt.
Broken line shows estimated change including secular tilt change and tilt change which is propor-
tional to daily averaged temperature.

ER LU VEWEEY RS . KEFLL2ZFH{VWEBbhs M, 85X O S s\Cit, B
B LB RSP EEHOWELYER L TRDONCERME L sh—%K L,

(2) &% (BW - RE) #EaLoFk

19904 4 B17H 45199248 8 A22H % TO859 A MBS - ERIE IS © AR FHELY BT, B
L2 v ) - P BREERLR X 5B T2RHEET - . BREEIKERE TR L -THDb
H, FVIEFARRGCTHEYRA, £, BELOBEMIKABRRLFEELT, BECETAHED
ot LA Ligtih, BIERTTST, SEOMENVLETH 5,

(3) BFEEOHE

19904118 8 BA 5199248 8 H22H ¥ TD654 B DMERF B FHEL 7 — 2 OEHEMEI L <, = 0
DWTRFEBEE Y RdT, FOB, BRKIO2v 2 ) — + SRBEECKEYHE L, EAFEILES
OREEBNEEL 1.520.2% 10 rad/yr (T43D) T, KEMECBOLRELROTEO€ v A Li3—K
TER, FOBI1A-F-K&Ehotz,

BBzt kb, BEPIFRRTEACRE X h oK EESFOBILRS T, HREWE L OREE
b2 C, BERFRBRENTHOhTCVW32LE LIS, 5%, BB BRI sZLicxy, 7/
V- EOHEERREE 5 7 CRETAEANBBET AMECERTEAEERT - 208605 &
PrRIh3, ¥, SERER LA, > LEBEROERARS L&D, TLEHEXEDI, RO, &
Pk 2 @8R, BEEMR TETFOER L OBELYHLHRTHID, OB TITbh T3
HiRE (GPS #&88) BIVHBRBEN/ILORELEDTERTLZ LLRALL,

KEERTFORES LOBRMORBCH ), TEBLEERRIHIL VT 5 KEFTEFIRRIER

.__9_



364 HAKEFER H365 B-1 F5. 4 (1993)

B b O EABEFRAN T EEECE BV LET, ¥h, HREWEREYFEL TV LV, )
BAFEETWRMBEHEERFREOMFEERCHILBE LET T, 30k, BREHT — 2 iAER
7 e 75 ABOEAMREY LTV KW EBARTAERBFDEBEEI TR 2 FEFREOTAMHS
Ay BRETXA, EHATRHIACTEHLET,

AREC KT B EO—EL, BALTAFERLE LY 2 —OHER Y AT 2 X biThhE LT,

2 % xR

1) Seno, T.. The Instantaneous Rotation Vector of the Philippine Sea Plate Relative to the Eurasian
Plate, Tectonophysics, Vol. 42, 1977, pp. 209-226.

2)  Ando, M.: A Fault Model of the 1946 Nankaido Earthquake Derived from Tsunami Data, Phys. Earth
Planet. Inter., Vol. 28, 1982, pp. 320-336.

3)  Tabei, T., K. Hirahara and T. Tanaka: Tectonics and GPS Observation Project in Shikoku Region,
Southwest Japan, Proc. Japanese Symp. on GPS at Kyodai Kaikan on Dec. 6-8, 1989, pp. 24-31.

4)  FEER  mBE 2R, a6, FrHR, 1984, pp. 204-206.

5)  HUBETEEA - PEUAA - Mk - M EBE - BEED R AKEEMFOMER (BFKT MR
FEEER), AAABMFELFEOERKRIEE, 1986, pp. 107-108.

6) IUEETER - HEFE - mhEE - M BE - BEET  SFC R s REBOEREI, FARBTR
SR, #8295 B-1, 1986, pp. 85-96.

7)  nEEIEES - Bk - M FE  HBCRTAHEBREYORN (BN AT & LWBER, WABK
PHESR, #28% B-1, 1985, pp. 65-78.

8) KAH BW-EMETF IO - SHTR - KFRRE - BEEE - AF &2 AFRTHNBEDSN
BB HHREHOTREN, AAAMELETOEMESES, 1991, p. 57-58.

9) AN - ERERT - BRAEEE - PRS- ARk -8 B ERCRY 3 HRER OER
B (1990-1991), HWERBEFFBE¥LI9NFERAKEHE L » v 3 v+ Y VROV A TFRE,
1992, p. 207.

10) REEAZE - ERIL - ANRY - XILEM : HEREY 7 — 2 BH—7 = 75 » BAYTAP Ofir—,
Vit BT RS, $32%5 15, 1984, pp. 71-85.

11) Sato, T. and H. Hanada: A Program for the Computation of Oceanic Tidal Loading Effects ‘GOTIC’,
Pub. Int, Lat. Obs. MIZUSAWA, Vol. 18, No. 1, 1984, pp. 29-47.

12) Gilbert, F. and A. M. Dziewonski: An Application of Normal Mode Theory to the Retrieval of Struc-
tural Parameters and Source Mechanisms from Seismic Spectra, Phil. Trans. R. Soc. Lond., Vol. 278 A,
1975, pp. 187-269.

13) Alterman, Z., H. Jarosch and C. L. Pekeris: Propagation of Rayleigh Waves in the Earth, Geophys. J.
Roy. Astr. Soc. Vol. 4, 1961, pp. 219-241.

14) EEEE— - MES AT AEEN, ABbFELdE, F25%HE 25, 1979, pp. 101-134.

15) EWRIHR : ATPERKE, BRER PR 3E, AF, 1991, p. 209.

16) HESEE : B - BBHTRCELhIBROPE L L0 Y 1 2 V-V o v, HELEEE, $25%
# 2%, 1979, pp. 91-100.

17) WWAHEE : BERCHTIHBEVAR VRO Y 2 V- a v, BB¥REE B22UEH 1S, 1981,
Pp. 40-49.

18) BEB#X - REBEE AR, FILHKR, 1985, pp. 62-64.

19) EadE—  BEEADMREB—EEIRS oo L ERIHRES T ETOEE—, WHFELE
H19%E 45, 1973, pp. 213-224.

20) E-HHIER : HOSEMBTAEKS (PR I3EILA 8 H) &R, ELMEER, 1991, p. 32.



