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Data Report of Crustal Tilt Observation for 1987
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Tadashi Ohkubo, Shoji Sekiguchi, Seiichi Shimada,
and Eiji Yamamoto

National Research Center for Disaster Prevention,
Tsukuba, Ibaraki 305, Japan

Abstract

National Research Center for Disaster Prevention (NRCDP) constructed an obser-
vation network of ground tilting in the Kanto-Tokai area, central Japan, for the purpose
of earthquake prediction, by using the borehole-type tiltmeters. We report the tilt
changes at 21 stations of the network, obtained in 1987. The tiltmeters are installed at
the bottom of the observation wells, of which the standard depth is about 100m except
one station and three deepwells. Output voltage proportional to ground tilting at each
site is transmitted to the NRCDP by PCM telemetry system. The data are recorded on
magnetic disk units by real time processors. We show daily means and hourly sampled
data of the tilt changes in the diagrams. For reference, we also plot daily precipitation at
each station.
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HIFR A B DAHER I BRI AR TR 1 1ToRd K D i, ZEEE 100 m OBUAIFUE icfFikleT e
DFTEPEEINTWVS (EBES, 1980 ). 7L, MFPGEBIMELE TRIEFNO2 » 27 )
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I~VD525D70y27itynd, cO7ay s BAICKEREIER L. SEHlECET 5
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W5, HFETOERT 5 2 85 BEE - A RICE CTh B, o LERIFF O - 54 -
TRELOTFEFRMESRTEX - YRS EHRL, K3 IRTHRICEEL TH 5.
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Maek i, BRMEREHOID 4 A5 1988 F£1 AE THRRIAELLTHW5.

STANDARD OBSERVATION STATION

ELECTRIC POWER LNE
AC 100V

qg TELEPHONE LINE

\
TRANSMITTER
TILTMETER
CONTROL BOX
1 FRUE DHURTE B A b 3
WE IR, HREE, WEE
108 mmae> il [
STAINLESS CASING PIPE BRL T3,
SEN%?S’ \EIEETSESREL Fig. 1 Standard observation station unit.
M R .
[SEISMOMETERS Tilt, temperature in borehole, and
THERMOMETER precipitation are observed.
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Table 1 (a) List of observation stations.

A SE BB BE HME HHEES BRHEE LESRH
Station Code Longitude(E) Latitude(N) Altitude(m) Well-depth(m) Lithology
=508 MKB 137° 30” 50.17 34° 48~ 05.4~ -38 99.3 WE - s (58)
Mikkabi Sandstone,Slate
b J1F::] HKW 138° 08” 16.77 35° 05~ 35.4~ 343 106.2 BE-HE (EE)
Honkawane Sandstone,Shale
i SIZ 138° 197 46.6~ 35° 06~ 41.8~ 76 102.7 'S

Shizuoka Shale

FEX CMT 138° 14 55.5~ 34° 58~ 19.9~ 51 54.2 MWE

Chikamata Sandstone
FFHIR NDZ 138° 167 47.0~ 34° 577 37.7~ 82 53.2 HE

Nodazawa Shale

[ &R OKB 138° 15° 13.8~ 34° 577 00.0” -30 101.8 iR S

Okabe Slate

KAH OHS 138° 00~ 54.8~ 34° 40 57.1~ -67 134.8 B g ]
Ohsuka Gravel bed

FH HDA 138° 48° 17.1% 34° 57”7 52.7” -48 100.6 RWEBE

Heda Andesite lava
RHEE JIZ 138° 59~ 48.4~  34° 547 46.4~" 263 in a tunnel BIKEBWH
Nakaizu Tuffaceous sandstone
TH SMD 138° 56 03.5~ 34° 44° 15.3~ -13 817.7 MAEEUE
Shimoda Pyroxene andesite
A ENZ 138° 48” 19.0~ 35° 44”7 09.5" 807 88.7 CENRE
Enzan Granodiorite
it YMK 133° 037 46.0~ 35° 29° 13.2~ 56 - 100.7 LEPIGS
Yamakita . Quartz diorite
2 AKW 139° 197 04.5~ 35° 31° 12.5” -10 81 =

Aikawa Sandstone
EHEW ASG 139° 01 40.4~ 35° 18~ 49.8~ 386 94 .4 WE
Minamiashigara Sandstone

x8 0SH 139° 26”7 33.7~ 34° 41° 16.2~ -44 101.2 BE - -Xay7
Ohshima Lava, Scoria
Fa CKR 139" 56° 56.7” 34" 58" 02.6” -661 732 bE=1

Chikura ’ Muds tone

% KTU 140° 16° 08.1~ 35° 10- 37.3” ~-12 108 RE

Katsuura Muds tone

g CHS 140° 51- 18.0” 35° 427 08.0~ -42 94 wE

Choshi ] Sandstone

FF FCH 139° 28” 25.17 35° 39~ 02.4~  -2707 2751 WE - WA
Fuchu Sandstone, Slate
Hl IWT 139° 447 17.0” 35° 55° 33.0” -3501 3510 ZRL A
Iwatsuki Metamorphic rock
Ti SHM 140° 017 25.6~ 35° 477 36.4~ -2277 2300 HEEKE
Shimohsa

Crystalline schist
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Table 1 (b) List of instruments installed at each station.

MKB _HKW SIZ CMT NDZ OKB OHS HDA JIZ SMD ENZ YMK AKW ASG OSM CKR KTU CHS FCH IWT SHM
TILT c ¢ 0o o0 0 0 0O 0 0O O 00 0 0o 0 0 0 O0 0 0 0 O
T 9 0 0 60 0O 6 0 0 0 0 0 O 0O O O X 0 0 0 0 O
R c 0 0 0 X X 0 0 0 0 0 0 O O 0O O O O X X X
B X X X X 0 ¥ X X 0o ¥ ¥ x X x x 0o x x 0o x x

Note: T(Thermometer),R(Rain gauge),B(Barometer)
0 :the instrument installed
X : not

36.0 N

35.0 N

| 1 a |
137.0 E 138.0 E 139.0 E 140.0 E 141.0 E

34.0 N

2 Bl OEBERU 7o v 7[X5> Fig.2  Location of observation stations and block numbers.

—T D BEZtD 0] #lls —T means the station without thermometer.
—R I REFD 75w ] BilA —R means the station without rain gauge.
+B I QEHD [H 5] BHlls +B means the station with barometer.
“9355%”215') “98‘ 12 6-) (l'?Bb l 23 ) 11985 I? 19-)
b))
9f%Hza-1 91:22 ) i . L B 3 e
e g ®3 P EM - TR - TEOHEEESH

‘ % Fig. 3 Orientations of tiltmeters at FCH, IWT, SHM and CKR.
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Table 2 Overall characteristics of instruments.

HES BREBM HAIET BEFE b 43 3R HE R
‘ (A LBEERY
FULA-YEE)
Instrument Observation position measuring range Accuracy Resolution Temperature response

i Et & BRI LR

Tiltmeter Bottom of the well + 2% 10" “%rad 6x 10 °rad 10-%rad/°C
RSt HHAFILE (BREBEZS.LIZ)

Thermometer Bottom of the well +2.5°C 0.1°C 0.02°C

[EEH HAs A

Barometer In the cabin 1000+ 50mb . 0.5nb 0.1mb

GEk-513 SRR

Rain gauge Side of the cabin 0-100mm - 1 ma 1 mm

3. F—5ONBRULEFE

BRHARICGRESNIERTOHENESE, 1 BBt LA -8B (PCMAR) IT
Ko TOCFHNOEILPE KB EE M+ v 4 —liciut S h, BRI~ X 7 4 (APE)
(M5, 1988 ) IC& - TF — 9 DGR EBRHIMITONTWS., DY RT LT, ENH
BEOLE T IB0MREIOENF— 22BN T, ChbD*F4 7V EEGBMEELTYH V7Y
DL, WA« 22 IR TV B, AR A <L — 51k BRI E - T, GO
RADHEEROHBREOBHRIC LS (L0 ORMIESET- HBET + R 7 IR - BEFES
N5, i, BRGNSk EREIKEOAETER LI (FElE, BHS, 1988). A&
LIRS N7 — 5 OBEIEERS AP EICE » Citbitle, =4 OXKAOBERE LT
(3fFE - FTEEE - T L — Y EEKEE - SRAREND S, EAOEREICE O TRHEIDS
SEFRILIN DG A, HRABOWEMM LTV, @7 —4213, 5 OZERXEZHNT
REFIRD 7= 5 5 olER LTV 3. MEE 13 BOMBSHROM ISR T » 734 7
£ bEEIE L7,

4. BARUF—&0EKR

O, 3K LD SRR 4 IKRT.

RICE MBI R O 7 — 2 OKAIP R 7 » 7OMIERZ], S 5iKZDOERAEXR3 KT &
HORY. FROPICEEFEOABRPHEREILS, FETEX5b0bb 50, TG
WELZhE R oy, FROHEEDHLIR, A7ty MIEEDEAIR, X7 70H -
TeRFNITERIDA O BIIEE (&, RENK L) ofgdbilhvTunic s Xid, §188, 7L x
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— Y VAT LDREL AT, HENBITERICHAEL TS E &, MBEROIRELHEK
L35, RAMEDSE, BREEN T NTELSNTIEWND, 7 V5L 4 XPBFE->TH
H5EEE, TUA—Y VRTLADKEEAILT. Tz, KRiltg, EREERICRGEFHHLRS
N5 EXFHAMSESTOESEIFHFEANT. CASIKEM LWL, IR,
HBRO Y a v JICK>THEBA T » 7BEC L EMH 5. FRELILAR, 2579 78
BROWET 2HEBEOBR, v/ =F .- Fi2FLDTELITRT.

1 FEREDBB L ZD F ) 7 b &% B FEE (BRHEO24R MY ) DRYIDHE & ki
DEHD L R - C#& 5 IRd. RABKAOBERIEZIC DWW T BLRE UTHERSICHE L
7TeF Y7 bEAEF L.

5. BARR

X 5 (a)—m)ic 1 FFREOHEREE O HEHEEB L CHNE ( 1 HOBERE ) 2, K5M0)ic
FHIR - th Qi T 35ED BB A EXICB T 2 HRNEAERT. X 6 (a)—mIicid g
REHOEREEAEIC, BIUK60ICEERR - hEicBd 35EBLCEXicB T
HAHMEAETRT. £/, 709 70FEhRICEST 28RSO BNEEZREFE LT
DPIMWITRLTHB. RTICKRBENKRICBIZ2HNE.EE LD TORT.

B5 b, il L CWARWRABARIEZERI LTE 0, EHESIERIBEA L 7084816
pradiand 5 LTOHIEZRELTH 5. K6 ICRTIR, 257 Z7EMIELICC AICRdS
FCJl #L, &S IRAPHEDHRFRIZODWTHEIIKKES-TIHLTHD. /M6 T
F, FU7+DdAEMOEREN T — 5 2E—RNI/ERIT 50T, FAELT2 7 AR
MTHHADAYIDICEREA 7€y M EMAT.

X (CMT), KFEE(OHS), hFE (JI1Z), MEM(ASG), BE (KT
U) TREREIC, CORBICIIRESBEHLEONS. FrchREI3BETINICHHEEZ R
BLTWSLOBROEENEETHS. £/, KEE (OHS ), KE(OSM) W
FRITE W 72D Y DIRIEHSK X W,

AJIHE (HKW) ODEWESY, KB (OSM) ONSHS, AEE (OHS ) Ofika T
RRFEIC L EEENSREO (BHE - 37)Il, 1985 ). AR, KEHEICE J3EEBORKEN I,
MEBRSOERBICIVEL TR EMBEMLEIE > TWS (IUA - KAR, 1986). —7H,
KEICBT HHEDL, HBOEFHICIEZMABRKEVLDEZEZ SN TS (IR, 1984) .

W (FCH), &M (IWT), TH ( SHM) OFERBERI &S TR 100 mFOEEEH
FITHANTERFY 7 FESKEL. CHRALUERBENEFICGVIHEEZEZLNTED, FFiC,
EMTREENHNE Chb A1 DHETHS.

KE(OSM) TiE 1986 F11A21H o E h BE KT - 7-ERZEE ISRl S 7203, C
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DEFHHN1987THE1 A LIRS 4 AhAEE THOT W3, ZEAMRBIETADTHS. &
7o, COEFHBELTHBMEIC, 27 v 7TIROELS IEIHEU TS, TDORTF v TIROE,
LiE 25 v 70K, 27y 7BESBIB—ET, ZOZNIEFH0K 1 uradian TH 3.
FAERRE, 1A 1 ERETSA S 4 A0 1 4 ARIBR~NERLICE K >T N5, DL
EFIILTAE (OSM) OIEsky 1.5 knfh - B HIK THIE AT - Tl 5 el
HICTHAHBAME NTH O GEEE - fth, 1988) , KILVEBNCHE - EBEEZ OND. FL

UFiA - fih (1988) 2&HDC &,

TAE(CKR) BT AIBHE»SI0ARICh I THEEREH MR ONS. COEH)
X ICHE L TY RO DECBDSIEFICAS <, EHHAEEREETAD THS. O
BIRATE, 1986%E0D 6 Al 5 8 AKICHAT THAXLEFHBBERAEIN TS, FID
BHllATRVWThoLREeIcd, TOBHIIKEEIKHI »Eb3BEHONBL. 2V —D
BRI E(LTH2HERbH 20, Eo20 Lz EizbhDEL.

12 AT HIC TEEE A MHE (M=6.7 ) 254 L, Bl (KTU), SHOWT),
FHEE (J12Z2) BEVL OLOBRMATY - O LERYPEHSRON S, chdOEHR
MTH, HERDOZXT v 7 RKREHELTED, COXF v 7E2E&D N5 I HIER O
B L B ERETOE(LEEL DND.

o

BHOMMER 7 — & OREERHICH /2> T, BEEEHRY - CRMOBEEREFIA, %
MEILIA, MAEMTFIA, BHETFISACTE->THWTWS., fk, ¥E60E S oy
7 LDORFEICIELBRO/NGEZK, T757 97 TV P27 VOB AERKICTHT
LTHWTWA,

g2 & X ®

1) EHFH - SHE0E - IS (1988) © FEABICH T 3 HEN. HATMEELHE, 39,
53 —61.
2) MRIES - MMEBEE - Hs 8 - BEFH— (1988) : BRI 2 7 A OREE S Mk, FT
BFSSRISEE £ v 5 —BIZEES, 41, 3544
8) Mok - VBT (1979) © HUSEAMAIZRE (1) . BiSSRSRnorRas, 42, 1-32.
4) BERRER - STIIEERT - (AT (1980) © MEMEAHEIIEEEIE (2) . BiSSRIEHINTIRER, 51,
1—66.
5) Vs - EHEM - AR T - MRET - LEIES - FREK (1980) : FLIPHERE X 5 1%
ERMBR TR OB, iz, 33, 343 —368.
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Table 3 Data-outage and offset correction time of tilt data, and their causes.

NOTATION:
(first column) - (following columns)
C: offset Correction E : Earthquake
T : trouble
the other
L: Lack of data
{over 3 hours only) M : Maintenance
A : check and adjustment of the instruments
P : interruption of Power supply at each station

PC: interruption of Power supply at NRCDP

TL: trouble of telemetry system

T : trouble of the instruments

(1): tiltmeter replacement

(2): experiment of evaluate effect of atmospheric
pressure on tilt

the other
month MK B HKW SIz
1 NS:01d17h : C
N§S:05d23h :C
NS:08d17h i C
NS:12d23h : C
NS:17d06h : C
NS:17d17h C
? N§:06d22h : CE
EW:06d22h :CE
NS:09d06h C
NS:10d15h C
NS:12d17h :C
NS:14d21h : C
NS:18d15h :C
NS:18d17h C
NS:28d17h C
3 EW:02d19h-03d00h:LTL
EW:02d22h :CT
EW:03d00h :CT
NS:03d14h-03d20h:LTL
NS:03d20h :CT
.NS:11d08h-11d13h:LP
NS:14d12h :CT
EW:14d12h :CT
EW:15d07h-15d15h:LP NS:15d07h-15d17h:LP
NS:15d08h-15d16h:LP EW:15d08h-15d15h:LP
EW:18d12h :CE
EW:23d16h :CT
NS:23d17h :CT
EW:23d17h :CT
NS:24d01h :CT
EW:24d01h :CT
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month MKB HKW S12
4 NS:07d0%h :CE
EW:07d10h :CE
EW:07d18h-30d23h:L
NS:07d18h-30d23h:L
EW:22d15h :CT
NS:23d15h :CT
5 EW:09d12h :CE
NS:14d07h :CT
EW:14d08h :CT
6 EW:07d06h-07d16h: LP
N§:07d06h-07d16h:LP R
EW:08d03h CE
8 EW:05d22h :CT
NS:05d22h :CT

EW:20d06 h-26d15h:LTL
NS:20d06h-26d15h:LTL
NS:28d11h :CT
EW:28d11h :CT
11 EW:10d03h-18d15h:LTL
NS:10d03h-18d15h:LTL

12 EW:13d08h-13d16h:LP

NS:13d08h-13d16h:LP

NS:17d11h :CE

. EW:17d11h :CE
EW:18d10h :CE
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month CMT NDZ OKB

2 EW:06d22h CE
EW:21d16h :C
NS:21d1i6h :C

3 EW:02d00h s C

NS:04d0%h-04d18h: LM
EW:04d10h-04d14h: LM

NS:04d18h :CT

EW:05d09h-06d0O7 h:'LM
N§:05d10h-05d14h: LM
N§:05d19h-05d22h: LM

8 EW:28d11h :C
EW:28d14h :C
EW:28d18h :C
EW:29d13h :C
EW:29d18h :C
EW:30d11h C
EW:30d17h C

9 NS:03d13h :C

EW:15d05h-15d13h:LTL
NS:15d05h-15d13h:LTL
EW:15d13h :C
NS:15d13h :C
EW:29d08h-02d13h:LTL
N$:29d08h-02d13h:LTL
10 EW:14d03h-14d13h:LTL
NS:14d05h-14d13h:LTL
EW:21d00h-21d0S5h:LTL
11 EW:10d08h-10d13hs LTL
NS:10d08h-10d13h:sLTL
EW:12d18h-13d13h: LTL
NS:12d19h-13d14h:LTL
N$:17d06h-22d13h:LTL
EW:17d07h-22d13h:LTL
EW:24d16h-25d13hs LTL
NS:24d16h-25d13h: LTL
12 EW:03d05h-09d13hs LTL
NS:03d05h-09d13h:LTL
EW:10d15h-11d15h: LTL
NS:10d15h-11d14h: LTL

1 EW:17d07h :CT
EW:17d07h :CT
NS:17d07h :CT

NS:17d07h :CT
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month OHS HDA J12 SMD
2 EW:06d21h :CE
NS:06d22h :CE
EW:06d22h :CE
EW:06d22h :CE
EW:06d22h :CE
EW:17d10h-17d14h: LM
NS:17d10h-17d14 h: LM
EW:18d10h-18d16h: LM
NS:18d10h-18d16h: LM
NS:18d16h :CT
EW:18d16h :CT -
3 EW:15d08h-15d15h:LP
NS:15d08h-15d16 h:LP
EW:21d20h :C
NS:21d20h :C
EW:23d14h-24d05h: LM
NS:23d15h-24d00h: LM
NS:24d09h-24d21h:LM
EW:24d10h-24d17h: LM
EW:24d17h :CT
NS:24d19h :CT
NS:24d21h :CT
4 NS:07d0%h :CE
EW:07d09h :CE
5 EW:08d13h-09d402h:LTL
NS:08d14h-09d02h:LTL
EW:10d10h :CE
NS:10d10h s CE
EW:10d14h :CE
NS:10d14h sCE
EW:10d17h :CE
NS:10d18h :CE
NS:11d06h :CE
NS:11d06h :CE
EW:11d06h :CE
EW:11d06h :CE
NS:11d06h :CE
- EW:11d07h :CE
EW:11d10h :CE
EW:11di5h :CE
NS:11d17h HY
NS:11d17h H
EW:11d18h :C
EW:13d17h :CE
EW:17d04h :CE
6 EW:07d06 h-07d16h:LP
NS:07d06 h-07d16h:zLP
EW:17d16 h-20d00h: L o
NS:17d16 h-20d00h: L
EW:20d02h~20d20h:L
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7 EW:23d13h-24d08h:LP
EW:23d13h-23d20h:LP
EW:23d14h-23d23h:LP
N§:23d14h-23d22h:LP
N§:23d14h-24d0%h:LP
NS:23d14h-23d20h:LP

8 NS:06d04h :CT
EW:06d04h :CT
EW:07d06h :CE

EW:11d15h-19d11h:LTL

NS:11d15h-19d11h:LTL
EW:25d12h-27d13h: LA
N§:25d12h-27d12h:LA

N§:25d15h sCT
NS:25d16h :CT
NS:25d17h :CT
EW:26d07h :CT
EW:27d15h-29d14h: LA
9 EW:02d13h-14d17h:LT
NS:02d13h-14d15h: LT
NS:14d09%h :C
EW:14d0%h H

EW:14d10h-14d19h:LTL
NS:14d10h-14d16 h:LTL -

NS:14d15h o sCT

EW:14d16h :CT
EW:14d18h :CT

10 EW:17d13h-17d21h;LP

NS:17d13h-17d19h:LP
’ EW:31d06h :CT
NS:31d06h :CT
12 EW:13d07h-13d16h:LP
NS:13d08h-13d16h:LP

EW:17d11h :CE
EW:17d11h :CE
NS:17d11h :CE
NS:17d11h :CE

EW:17d11h :CE
NS:17d11h :CE

NS:17d11h :CE

EW:17d11h :CE

NS:23d16h-24d04h:L (1)
N§:23d17h :CT
EW:23d17h :CT
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month ENZ YMK AKW ASG
1 NS:14d00h :C
2 EW:06d21h :CE
NS:06d22h :CE
EW:06d22h :CE
NS:06d22h sCE
N§:06d22h :CE
NS:06d22h :CE
EW:06d22h :CE
EW:06d22h sCE
EW:06d23h :C
EW:06d23h :C

EW:19d13h-20d20h: L (2)
NS:19d13h-20d20h:L(2)
EW:25d12h-25d17h: LM
NS:25d12h-25d17h: LM
NS:25d12h :CT
EW:26d10h-26d15h:LM
NS:26d10h-26d15h: LM
NS:26d15h :CT
3 EW:11d10h-12d20h:LM
NS:11d10h-12d18h: LM
EW:18d15h-19d22h:LA
NS:18d15h-19d09h: LA

NS:19d09h sCT
EW:19d0%h :CT
NS:19d13h-20d12h:LM
EW:19d14h-20d23 h: LM
EW:19d22h :CT
4 EW:07d06h :CT
NS:07d06h sCT
NS:07d09%h :CE
NS:07d09h :CE
EW:07d09h :CE
NS:07d09h :CE
NS:10d15h :CT
EW:10di5h :CT
NS:10d20h :CE
NS:23d05h :CE
NS:23d0Sh sCE
5 EW:08d18h-13d13h:LT
NS:08d18h-11d12h:LT
EW:10d10h :CE
NS:10d10h sCE
NS:11d06h :CE
EW:11d06h :CE
NS:26d04h :CT
EW:26d04h :CT
EW:26d08h sCT
NS:26d08h :CT
6 EW:08d07h :CT
NS:08d07h :CT
NS:12d02h :CT
EW:12d02h :CT

EW:23d11h-23d16h:LP
N§:23d11h-23d16h:LP
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month ENZ YMK AKY ASG
7 EW:15d15h :CT
NS:15d15h :CT
8 NS:05d23h sCT

NS:10d04h-14d13 h: LT

EW:14d15h-18d13h:LTL
NS:14d15h-18d13 h:LTL
NS:16d01h-22d13h:LT

NS:18d18h sCT
EW:18d19h :CT
EW:21d10h-22d05h: L (2)
NS:21d11h-22d0%h: L (2)
NS:22d00h :CT
NS:22d00h :CT
EW:22d00h :CT
9 NS:04d20h : €
EW:17d00h-17d09%h:L
NS:17d00h-17d08h: L
EW:25d04h-25d13h:L
NS:25d04h-25d12h: L
EW:26d04h-26d13h:L
NS:26d04h-26d11h:L
10 EW:15d09h-15d20h: 1L
NS:15d09h-15d20h:L
EW:16d02h :CT
NS:16d02h :CT
EW:16d18h-17d05h:L
NS:16d18h-17d05h:L
EW:17d16h :C
NS:17d17h :C
NS:18d03h :CE
NS:18d03h sCE
EW:18d03n tCE
EW:18d04h s CE
EW:24d19h-25d00h:L
NS:24d19h-25d00h: L
11 EW:04d10h-04d16h:l
NS:04d10h-04d16h:L
12 EW:09d14h :CT
NS:09d14h :CT
EW:13d04h~-13d21h:L
NS:13d05h-13d21h:L
NS:16d11h H
EW:16d11h :C
NS:z17d11h :CE
EW:17di1h sCE
EW:17d11h :CE
EW:17d11h :CE
NS:17d11h :CE
NS:17d11h :CE

EW:23d11h-23d18h:LM
NS:23d11h-23d18h:LM
EW:23d18h sCT
N§:23d18h :CT
EW:24d11h~24d20h:LM
NS:24d11h~24d20h: LN
EW:24d1%h :CT
NS:24d19h :CT
NS:25d08h-25d13h:LM
EW:25d09h-25d14h: LM
NS:25d13h :CT
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month 0SM CKR KTU CHS
1 ' NS:09d15h :CE
X :09d15h :CE
Y :09d15h :CE
EW:09d15h :CE
X :14d20h :CE
Y :14d20h s CE
X :17d08h :CE
Y :17d08h :CE
2 X :02d18h : CE
Y :02d18h sCE
EW:06d21h : CE
Y :06d21h :CE
X :06d21h :LE
NS:06d21h :CE
EW:06d21h :CE
EW:06d22h :CE
Y :06d22h - :CE
X :06d22h sCE
' N§:06d22h :CE
EW:06d22h :CE
NS:24d09h :C
EW:24d09%h :C
NS:24d22h :C
3 EW:12d10h-12d14h: LM

NS:12d10h-13d00h: LM
NS:13d10h-13d15h: LM
NS:15d15h-17d09%hsLT

EW:24d21h :CE
NS:24d22h :CE
X :25d12h :CT
Y :25d12h :CT
4 NS:07d09%9h :CE
NS:07d09h :CE
EW:07d09h :CE
NS:10d20h sCE
N§:23d05h :CE
5 NS:09d17h :CE
NS:11d06h :CE
NS:11d06h sCE
EW:11d06h :CE
EW:11d06h sCE
NS:11d06h :CE
NS:11d16h s CE
6 EW:04di0h-05d02h:LM
NS:04d10h-05d00h: LM
NS:05d00h :CT
EW:05d02h :CT
EW:23d23h :CT
NS:23d23h :CT
NS:30d18h :CE
7 EW:07d17h :C
NS:07d17h :C
EW:08d10h :C
NS:08d10h :C
NS:16d14h :CE
NS:16d14h :CE
EW:16d14h :CE
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month OSM CKR KTu CHS
8 EW:10d21h :CT
NS:10d21h :CT
NS:16d07h :CT
EW:16d07h :CT
NS:19d07h :CT
EW:19d07h :CT
EW:27d18h :CT
EW:27d19h :CT
9 EW:06d09h :CT
NS:06d09h :CT
NS:06d20h :CT
EW:06d20h :CT
EW:14d19h :CT
NS:14d19h :CT
EW:18d21h :CT
NS:18d21h :CT
NS:24d13h :CE
10 Y :19d00h :C
X :19d00h :C
NS:27d22h :CE
EW:27d23h :CE

11 EW:11d13h-11d16h:LP
NS:11di3h-11d16h:LP

EW:21d08h sCE
NS:21d10h :CE
NS:28d02h :CE
12 EW:12d13h :CE
NS:12d14h :CE
NS:17d11h :CE
EW:17d11h :CE
NS:17d11h - :CE
EW:17d11h :CE
X :17d12h :CE
Y :17d12h :CE
EW:17d14h s CE
NS:17d14h :CE
EW:17d21h :CE
NS:17d21h :CE
NS:18d06h :CE
NS:18d10h :CE
NS:19d0th s CE
month FCH IwT SHHM
1 X :08d11h-10d05h:LA
Y :08d11h-10d03h:LA
Y :10d03h :C
X :10d05h :C
X :12d12h-06d00h: LT
Y :12d12h-19d23h:LT
X :15d14h-16d18h:LA
Y :15d14h-16d22h: LA
X :16di8h :C
Y :16d22h :C

Y :19d00h-26d04h:LT

X :19d10h-09d23h:LM

Y :19d10h-09d23h:LM
Y :26d00h-02d23h: LT

17 —
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2 Y :02d00h-06d00N:LT

X :05d00h sCT
Y :06d21h :CE
X :106d21h :CE
Y :06d21h :CE
X :06d22h :CE
Y :06d23h sCE
X :06d23h :CE
X :09d00h-28d01h:LM
Y :09d00h-26d05h: LM
X :11d03h-11d17h:LT
Y :11d03h-11d16h:LT
X :20d00h :C
Y :20d00h :C
Y :20d15h-23d00h:LT
3 X :01d00h :C
Y :01d00h :C
X :10d09h LT
Y :23d19h-01d12h:LTL
X :31d10h :CT
X :31d11h 10T
Y :31d12h :CT
Y :31d12h :CT
X :31d12h :CT
Y :31d13h sCT
4 X :05d19h iCT
Y :05d1%h :CT
X :07d09%h :CE
Y :07d09%h :CE
X :07d10h-08d03h:L
X :07d10h :CE
Y :07d10h :CE
Y :07d10h s CE
X :10d20h-12d03h:L
Y :10d20h s CE
Y :10d20h-11d01h:L
Y :10d21h-11403h:L
X :10d21h-11d05h:L
Y :11d01h :CE
X :11d17h :CE
X :12d03h 1 CE
X :23d05h s CE
Y :23d07h :CE
X :28d11h :C
Y :28d11h :C
Y :30d18h :CT
5 Y :02d16h :C
X :08d00h :C
Y :08d01h-09d20h:L
6 Y :21d07h-22d00h:L
X :21d07h :C
X :25d09h-26d06h:LA
Y :25d09h-27d00h:LA
Y :30d18h :CE
X :30d18h : CE
Y :30d18h :CE

X :30d19h-03d12h:LTL
Y :30d19h-03d12h:LTL

X :30d19h-01d08h:L
X :30d19h-01d01h:L
Y :30d19h-01d01h:L
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7 X :12d14h-12d18h:L
X :23d14h-24d21h:LTL
Y :23d14h-24d21h:LTL

8 X 209d04h-24d01h:LT
Y :18d0th :CT
Y :18d18h-19d10h:LTL
Y :20d10h H
Y :20d11h-21d1th:LA
X :24d00h-29d13h:LT
X :29d14h :C
Y :31di2h :CT
X :31d12h :CT
9 Y :03d21h :CE
X :07d00h-14d01h:LT
X :09d17h :
Y :09d18h :C
X :09d23h :C
Y :09d23h :
Y :10d01h :C
X :17d14h-23d23 h:LM
Y :17d14h-24d00h:LM
10 ' X :04d09h-08d11h:LTL
Y :04d09h-08d11h:LTL
. Y :13d15h :CT
Y :18d02h :CE
X :24d00h sCT
Y :24d00h sCT
X :26d07h-26d16h:L
X :26d09h-26d16h:LA
Y :26d09h-26d16h:LA
X :26d16h sCT
11 X :09d12h-11d00h:LM
Y :09d12h-11d08h:LM
X :13d19h-14d20h:L
X :16d07h-16d17h:L
Y :18d01h :C
X :19d14h :C
X :23d17h :CE
Y :24d08h :CT
X :27d00h :CE
12 X :06d16h-07d00h:LTL
Y :06d16h-07d00Oh:LTL
X :10d18h :CE
X :11d01h :CT
Y :11d0%h :CT
X :12d23h :CE
X :17d11h-19d02h: LA
X :17d11h :CE
Y :17d11h :CE
Y :17d12h-19d03 h:LA
Y :17d12h s CE
X :17d13h sCE
X :19d02h :CE
Y :19d03h :CE
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Table 4 Coseismic tilt steps
(x: after NRCDP)

JsT Station Comp. Tilt Step Earthquake (JMA)
mon d h m MAG region
JAN 09 15 19 KTU NS 0.03 6.6 NORTIERN IWATE PREF
CKR X -0.16
CKR Y 0.09
KTU EW 0.01 v ‘
JAN 14 20 09 CKR X -0.10 7.0 HIDAKA MOUNTAINS REGION
CKR Y 0.07
JAN 17 08 57 CKR X -0.06 4.1 SOUTHERN BOSO PENINSULA
CKR ¥ 0.05
FEB 02 18 14 CKR X -0.04 4.5 KUJUKURI COST BOSO PEN
CKR Y 0.04
FEB 06 21 26 SMD EW 0.02 6.4 E OFF FUKUSHIMA PREF
CHS EW 0.01
AKW EW -0.03
CKR Y 0.05
CKR X -0.06
FCH Y 0.01
KTU NS -0.05
IWT X -0.03
KTU EW -0.04
IWT Y 0.04
FEB 06 22 19 SIZ NS 0.05 6.7 E OFF. FUKUSHIMA PREF
AKW NS -0.13
HDA NS -0.03
SMD EW -0.02
CHS EW 0.01
HDA EW -0.02
$12 EV -0.04
CKR Y 0.15
YMK EW 0.02
ASG NS -0.03
ENZ NS 0.02
CKR X 0.05
KTU N§ -0.18
OHS EW 0.01
OKB EW -0.03
YMK NS -0.04
FCH X 0.08
AKW EVW -0.09
KTU EW -0.05
ENZ EW -0.01
IWT ¥ -0.15
IWT X -0.06
MAR 18 12 48 MKB EW -0.03 6.6 HYUGANADA REGION
MAR 24 21 55 KTU EW 0.02 5.9 OFF S NIIGATA PREF
KTU NS 0.03
APR 07 09 46 0SM NS -0.25 6.6 E OFF FUKUSHIMA PREF
SIZ NS -0.12
AKW NS 0.18
KTU NS 0.09
AKW EW -0.20
ENZ NS 0.00
SMD NS -0.14
SHM X -0.01
KTU EW 0.03
SHM Y 0.05
YMK NS -0.07
SMD EW -0.30
IWT X -0.03
IWT ¥ -0.06
SI1Z EW -0.38
FCH Y 0.07
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JsT Station Comp. Tilt Step Earthquake (JMA)
mon d h m MAG region
APR 10 20 0O FCH Y 0.07 4.9 SW IBARAKI PREF
KTU NS 0.02
YMK NS 0.05
APR 23 05 16 0SM NS -0.07 6.5 E OFF FUKUSHIMA PREF
AKW NS -0.02
ASG NS -0.02
SHM X -0.02
IWT Y -0.06
MAY 09 12 57 MKB EW -0.03 5.6 NE WAKAYAMA PREF
MAY 09 17 40 KTU NS -0.02 3.6 KUJUKURI COAST BOSO PEN
MAY 10 10 40 SMD EW -0.09 4.0 E OFF IZU PENINSULA
SMD NS -0.03
ASG EW -0.03
ASG NS -0.02
MAY 10 14 07 SMD EW 0.03 3.9 E OFF IZU PENINSULA
SMD NS -0.02
MAY 10 17 53 SMD EW -0.02 4.1 E OFF 12U PENINSULA
SMD NS 0.03
MAY 11 06 36 HDA NS -0.02 5.0 E OFF 17U PENINSULA
KTU NS -0.05
AKW NS 0.03
OSM NS 0.01
KTU EW -0.04
SMD NS -~0.13
KTU EW 0.01
KTy NS 0.00
SMD EW -0.18
JIZ EW ~2.47
AKW EW 0.03
JIZ NS -5.20
MAY 11 07 43 SMD EW 0.06 3.7 E OFF IZU PENINSULA
MAY 11 10 40 SMD EW -0.05 3.6 E OFF 1ZU PENINSULA
MAY 11 15 59 SMD EW -0.20 4.9 E OFF IZU PENINSULA
0SM NS -0.21
MAY 13 17 50 SMD EW 0.14 3.7 E OFF IZU PENINSULA
MAY 17 04 30 SMD EW -0.08 3.7 E OFF 12U PENINSULA
JUN 08 03 41 MKB EW 0.05 3.3 ENSYUNADA
JUN 30 18 19 IwT Y 0.05 4.9 SW IBARAKI PREF
KTU NS 0.04
SHM X -0.09
SHM Y 0.17
JUL 16 14 50 0SM NS 0.12 6.3 FAR S OFF TOKAI DISTRICT
KTU NS 0.06
KTU EW -0.21
AUG 07 06 33 SMD EW 0.02 3.6 E OFF IZUPENINSULA
SEP 03 21 27 FCH Y 0.01 4.4 SOUTHERN IBARAKI PREF
SEP 24 13 58 KTU NS 0.03 5.8 E OFF IBARAKI PREF
0CT 18 03 47 YMK NS -0.17 4.8 EASTERN YAMANASHI PREF
ENZ NS -0.08
YMK EW -0.02
ENZ EW -0.05
0CT 27 22 59 OSM NS 0.14 4.1 NEAR NIIJIMA ISLAND
OSM EW -0.02
NOV 21 08 37 OSM EW -0.05 (2.0 34.695N 139.428E 1.4KM)x
NOV 21 10 05 0SM NS 0.93 3.2 NEAR 1ZU-OSHIMA ISLAND
NOV 23 17 42 IWT X 0.03 3.5 SW IBARAKI PREF
NOV 27 00 00 IWT X -0.03 3.6 SW IBARAKI PREF
NOV 28 02 06 KTU NS -0.06 4.3 SAGAMINADA
DEC 10 18 37 IwT X -0.12 4.0 SW IBARAKI PREF
DEC 12 13 54 0SM EW -0.03 6.6 NEAR TORISHIMA IS
DEC 17 11 14 HDA EW 0.02 6.7 KUJUKURL COAST BOSO PEN
HKW NS -0.07
O0SM NS -0.20
YMK NS -0.07
OHS EW -0.18
0SM EW -0.01
YMK EW 0.03
HDA NS 0.02
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JST Station Comp. Tilt Step Earthquake (JMA)
mon d h m MAG region
HKW EW 0.29
0HS NS -0.20
SMD EW 0.41
SMD NS 1.90
FCH X -0.02
JIZ NS 2.35
FCH Y 0.05
CHS NS 0.06
CHS EW 0.00
AKW EW -0.07
ENZ EW 0.13
ENZ NS -0.18
AKW NS 0.19
JI1Z2 EW -4.40
CKR X 0.05
CKR Y 0.78
SHM Y 1.14
SHM X -0.20
DEC 17 21 40 KTU EW . 0.04 4.3 KUJUKURI COAST BOSO PEN
KTU NS -0.13
DEC 18 06 11 KTU NS -0.03 4.2 KUJUKURI COAST BOSO PEN
DEC 18 10 14 MKB EW -0.03 4.5 NORTHERN GIFU PREF
DEC 18 10 58 KTU NS -0.02 3.7 KUJUKURL COAST BOSO PEN
DEC 19 01 29 KTU NS -0.03 3.5 KUJUKURI COAST BOSO PEN

x5 fARZE{O ) 7 V&

Table 5 Drifts of observed tilt changes.

(+:N(X),E(Y) down., Unit:micro-radian/year.)

station component
NS (XD EWCY)
MKB +0.3 -0.9
HKW -0.2 0.0
S17 -1.7 +0.3
CMT -1.1 -0.1
NDZ +3.6 +0.9
OKB -1.3 +2.8
OHS -1.0 +0.9
HDA -0.4 -0.6
J12z +1.8 +5.0
SMD -1.0 -1.0
ENZ -1.1 +0.9
YMK -1.0 -1.1
AKW +1.2 +0.4
ASG +0.3 -0.9
0OSM +4.3 +t14.2
CKR +1.8 +8.0
KTU +1.9 +1.1
CHS 0.0 0.0
FCH +2.8 +1.0
IWT +9.6 +25.6
SHM -5.4 +2.8
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1987
COMP. START JAN ,FEB,MAR  APR ,MAY , JUN , JUL , AUG , SEP , OCT , NOV , DEC
MKB NS FEB 1981 = =
HKB EW  FEB 1981 =] =
HKB T JAN 1982
MKB_RL _ JAN 1982 | 8 =
HKH NS HAR 1982 T ] T
HKH EW  HAR 1982 1 ! 1
HKW T HAR 1982
HKW AL MAR 1982 ]
SIZ NS MAR 1981 ]
SIZ EW  MAR 1981 1
SIZ T JAN 1982
Stz RL _ DEC 1981
CHT NS HAY 1978 1 ]
CHT EW  MAY 1978 ! ]
CMT T MAY 1978
CMT _RI__MAY 1978
NOZ NS HAY 1978 ] g 1 el =
NDZ EW  MAY 1978 1 B 11 s =4
NOZ T  HAY 1978 - HeEn =
NOZ B MAY 1978 8 1 ==
OKB™ NS HAY 1978
OKB EW  MAY 1978
OKB T HMAY 1978
OHS NS HAR 1984 ]
OHS EM  MAR 1984 '
OHS T HAR 1984
OHS RI _ MAR 1984
HOA~ NS MAR 1984 i T &=
HDA EW  MAR 1984 i 1
HOA T MAR 1984
HOA RI AR 1984 8
JIZ NS FEB 1979 i ] i == ] ]
JIZ EM  FEB 1979 1 8 [ 8 ]
Jz T JAN 1982
JIZ B FEB 1979
JIZ BRI _ HAR 1982 1
SHD NS HAR 1982 T 1 ] ] ]
SHD EH  HAR 1982 11 [ 1 ! !
SHD T MAR 1982
SHD AL FEB 1983 1
ENZ NS OCT 1979 1 [
ENZ EM  OCT 1979 ' u
ENZ T JAN 1982
ENZ AL JAN 1983 !
YHK NS MAR 1984 T & E=
THK EW  HAR 1984 (R | @
YHK T MAR 1984
\YMK_RI___ MAR 1984
AKH NS HAR 1983 1 Y] Ty a1 1
AKH EN  HAR 1983 ' 81 N N 1
AKH T HAR 1983
AKH R MAR 1983 8
ASG NS OCT 1979 1 ]
ASG EN AUG 1979 1 1
ASG T JAN 1982
ASG RI__ JUL 1980 ===
OSH NS HAR 1983 i ]
OSM EW  MAR 1963 [
OSH T MAR 1983
gsM R MAR 1983
CKA~ X  DEC 1986
CKR Y DEC 1986
CKR B HAY 1986
CKR RI  OCT 1985
KTU NS HAR 1983 T
KTU EW  MAR 1983
KTU T MAR 1963
KTU RI  MAR 1981
CHS NS APR 1980 ]
CHS EM  APR 1980 1
CHS T JAN 1982
CHS RI_ JAN 1983 ]
FCH X AUG 1881 | s 1] 16 el
FCH Y AUG 1981 | E==B I 8 188 = =
FCH T JAN 1982
FCH B APR 1983 g
THT X AUG 1979 T ] T 1§ eE=ms 8§ 1 0 138
INT Y  AUG 1979 1B = B n 8 b
UL JAN 1982
SHM X AUG 1979 | § I ]
SHH Y AUG 1979 | B IE==m |
SHH_T JAN_ 1982
T T T T T T T T T T T
E=====—g: DATA-OUTAGE
X 4 IR B 3R
Fig. 4 Data-outages over 3 hours.
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5 HER AR OEZAL ( HEHME )
Fig. § Daily means of the crustal tilt data.
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MKBEW
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NDZEW
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(b) EW-component of crustal tilt at Mikkabi(MKB), Honkawane(HKW), Shizuoka (SIZ), Chikamata(CMT),
Nodazawa(NDZ), Okabe(OKB) and daily precipitation at Chikamata(CMT).
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