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Detectability of Precursory Slip Expected to Occur Before the Tokai

Ear";hquake as Measured by the Volumetric Strainmeter Network
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(Received June 29,1999 : Accepted November 22,1999)

JMA installed volumetric strainmeters at 16 sites in the Tokai region, and they comprise the core of the
Tok.ai observation network. Data has been watched 24 hours a day at JMA headquarters. We have
expectations that precﬁrsory crustal deformation caused by a slow slip will appear before the Tokai '
earthquake and that this deformation can be detected by strainmeters. One of the criteria for convening
the Earthquake Assessment Committee for the Tokai earthquake is to observe significént changes in data
at its three sites. Therefore it is important for the Tokai surveillance to comprehend the d‘etec.tability of
the precursory crustal change using the volumetric strainmeter network.

This paper investigated the ability of the volumetric strainmeter network to d‘etecf when a slip starts at
a point somewhere in or around the locked region estimated by Matsumura (1996) . Two cases were
used to determine the accelération rate of the slip. In one case, the slip rate was assumed to be the same
as the growing rate of the precursory cru‘stai deformation prior to the 1944 Tonankai earthquake as
estimated by Mogi (1984) . For the other case, the result of mathematical simulation of the seismic cycle
from Kato and Hirasawa (1996) for the -Tokai earthquaké was used. The detectability of the volumetric
strainmeter network depends on the S/N ratio of each stations. To evaluate this ability, this study relied
on research regarding noise levels measured by volumetric strainmeters from Kobayashi and Matsumori
(1999) .

One result of the study was detection of a slip on the plate boundary 24 hours prior to the main shock.
This reading a seismic moment equivalent to an M6.5 earthquake occurs at a point on the southeastern
part of the estimated locked region. The investigation showed as well, however, that when the slip starts
at a point on the northwestern extension of the locked region, there is little or no time until the main
shock occurs. On the other hand, it is appeared that in the early stage of the slip, there can be the cases
that a significant change in strain should be observed at only one station near the source of the slip or
with a low noise level. Expectations are ‘that when the slip grows as large as an M6.0Aearthquake,.the
change in strain would exceed the noise level at two or more stations.

This calculation is based on the assumption that the medium is elastic and that the volumetric
strainmeters will record the elastic strain vchange as it is. Results obtained here are felt to be useful for

constructing a surveillance scheme to detect a slow slip on the plate boundary.

*Earthquake Prediction Information Division, Seismological and Volcanological Department, Japan Meteorological
Agency '
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Fig.1 Solid and open cifcles represent.sites of the

volumetric and three-component strainmeters,-

- ‘respectively. Investigation of slip detectability have
been focused on situations where it occurs at a point
in the rectangular region shown in the figure.
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Fig2 The shaded zone represents the locked zone
estimated by Matsumura(1996)on the basis of
seismic data. Arrows and solid lines show the
distribution of the back-slip rate evaluated by
Sagiya(1998) using’ GPS measurement data. Broken
lines indicate the configuration of the plate interface.
The rectangle A is the same as that.in Fig.l and
superposed on the original figure of Matsumura
(1999).

;5%%@%@lb§%%#mﬁﬂu%é,:@fhu
SWTHRK (1999) 1, Ny 7 Ry TEEOKE L5
BAWY LS BIHERE ERT 20T R, K&
EIANF—DPEISRTVANDIZEERTHL EE 2
TV,

LIBT, WEOTKT R ORERELEET S

T, EREBTRONAIEMEN T L OBEUME %
ZAHZLIHATHD., ThETIC, BRERICEST
TR EE S BEEHHED L HERlIcKR S hTn
BB LTH  DRIFEAYTHRTE L2 (TIEE, 1996).
IR - T (1996) I XHHHO T L — MERZHEE L
<, Ruina (1983) 12453, <0 @EIE EEHIET
Y BRT ) RIS B L\ T RS
HATHERER 2 SR PI O 2 KT E 7 ASERI L,
R OREY A 7 VT 25 321 —Yay
ot TORR, ERBRORENES CIZONT
EABOBAN 5@ < ) & LT BRAL, B
WREMCRE T CEE L CWERE 0L LTHES
BT RO ARET B & VI HREES. TOTFL

\ISRTE 2 KTTFEHD S DTH 57280, KFHRDILAH

DIZOVTRHEDTY I 2l =Y 3 ¥ 217 LEVD S
, EERE ZORDOT ) OFE - REBRIL
TIGEOEB LR 2 LD ORRPLEETE S,

&L,

I, EEEARESAT, TRERICLS:
SEEE, (& & 120km, mHIOOkm, %52 XH o A FEIER)
REHESE L L, SHEAEAIO36 X 36 DEHT ki
DITRIIET 0 AT /N SRR CRAE L, A L78
BEFELS. 0L ET)OBRRUT Y i
Tl (1987) 2L B/ =T 2 — FM & OEHEH 72 BIfE
HEE— A FMo (dyn-cm) : logMo=15M+16.1

s AR S (km?) - logS =1.0M-3.9
NS L (km) : logL =05M-1.8
WD+~ NED (cm) . logD =05M-1.3

BRUHMEE— 22 FORK
Mo= u DS (u i3I, pﬁxm%wmﬁ%ﬁ

)]

X0, MPO Mok EH L%, WBOESL, 18
W=S/L, 30D & DOHANEREN LAy —) v 7H|E
RUIC%5 &5 &R KO, BEO/T A—F 1, 1
M 1996) 12k 2 MEEERYBZIEN34E, Bist
AISRE, O HAIEE (1977) 25 107FE L.

2.2 TRYORKAM

HEFEE 51]0);3!1%&%@%2: LT, 1944 4E5R1HE
WE (Mw=8.1) ATIZEIR S -@mMElt (KR,
1970 ; Mogi, 1984) #%%5. =OWEDH 2~ 3 A
DELER, MBEROLTED ILIRE LTS, [
C7V— MEEAHETH 51960 FEF ) HIE (Mw=9.5)
2o Th, BHIREFOMITICL D, RERICILET 2
FHEORIIK T 2B M=78) L*KIZEKEDN1I5~20

L RIS ORELZEEZEZSNTWS (Kanamori and
. Anderson,1975 ; Cifuentes and Silver, 1989). —75,

27 V=T HEDS  ORRITHT 2T MR
DBHRFERDS, BT ~IIFREL L LTHIFHIC
RKED1%RFEOBEN L2 IR TS
(Kanamori, 1996).

Scholz et al. (1972) WREHDELGT) ER,S
ST RDIETTARETEN TRV IFELEL, F
DRE REEHLT <Y D25%THD L LTS, $77,
Lorenzetti and Tullis (1989) i&, 4V /4RAEAK
FEEEBRIFH % F\V T San Andreas W8 CRAT 2R
HA 7 VOBEY I 2V — 3 V&7V, HIEEROR
KOKE SFABEDOS%EKM L DEREE TS, I
BE - CFE (1996) (& AHEBHIBOMEY A 7 VT

CBYIal—Yaritid, HikT ) OKE S IZonT

. —19—



20 B 63 A ~ 25

DEEDRES 0137% <, HERIIGRENTXA-ID
EIC L > TEOHIEIIED S 7S, HBEREOKRE ~ K
RIRNCIRIUCBRE 5 B WA B BN S Z L I33hEI
Honze LTwa, o
RHEHRORIIET N PERILEOREDTED L D
27257, BURTIZHWAE LY. LALEREVIE
BT LR ABE L TBL I EPLETHS .
5 STV B TBREDRRIIMS 7 7 2T 275,
I ZTHERIET ) ORBARED 1 %IEED BV
NUTTHEEREL, TN)OREFEE LT, M65
RUMGOHLDHEEEEZ B,

2.3 TR OEEEE
BAEOKRETEROBERIE, —chE (FErE) w
DEFLELZEETAZ LI NIT-oTWAE, TRYD
RHEHENTE LA TS, TRVICEBE-AY OB
HEOBESAS R UL, HRESN & 2HRAThES
BALEb->TL B, FILITT— 2 Y F OBREREHE
LHATY, ZASEVEEE T TR ShIUE, —
EREROERLEAVNE B0 LIZL {2 5B,
—75, HEFEOEMICABIHREIRE 251

A, BRI TETOED=DIIE s

BRI E AL RNEWNS) ZEICh b,

Z I TR R LROEEEDET VL LT, Mogi
(1984) 124 o CifEsE S 7= 1944 E R B R FIOME
SEILORERIREGE 2 S CEM LD (T, &
BBETN), ROME - FE (199%) OfEY I 21
=¥ 3 VERIES CENOBL L BOBRMEE ¢ R
R 3 TORBMOMETEMLZ b0 (AT, e
V) BRIV TRLEOTNG S DEEORIB
%@%&Uﬁ@%ﬂ%%ﬁtt%@f,mmﬂﬁﬁu?
) DRI AR VLR OB RGBS TR % 5 C
B, TITIRINGDEMBEEAT Y BiEDE—
AV MEREOREEALYERT AL TI LTS,

IhS 2DDETFNENRENIIONT, BHEBETH
AL L 7L E 03X ORI HY 2R EEE % 8 3 KR
T. VTS BERED 2 ~ 3 BHIR 5T AR
IZKELRoTHBY, MEEFVTIEICHBERENE
e RIRT 22 & D2 e BB E 320,

BB, WRFAI VO Iab—YarilbnT, 8
FTA=FOEY FIZL o T, T ORAEFIE LR
BV O BRI D RS B, ABE - A

hnk

72 60 48 36 24 12 0
- EsflAn '

Fig.3 The temporal increase of the slip is shown for two
models. The magnitude of the slip is normalized so
that the final slip is the same for both cases.
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Fig5 Figs.5a and 5b show the distribution of time when changes in the strain reach the criteria for convening the
Earthquake Assessment Committee for the Tokai earthquake on the basis of strain rates at 24 hours and 3 hours,
tespectively. Figs.5c and 5d indicate the distribution of time when changes in the strain reach the criteria for voice
alarm, on the basis of strain rates at 24 hours and 3 hours, respectively. Fig.5e shows the distribution of time for
convening the Earthquake Assessment Committee when the previous criteria have been adopted.

This area represents the rectangle shown in Fig.1 and top of each figure corresponds to the northwest. Solid circles

indicate the locations of strainmeters.
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Fig6 The distribution of time when the noise level includes periods of rain. Figs.6a and 6b show the distribution of time
when changes in the strain reach the criteria for convening the Earthquake Assessment Committee for the Tokai
earthquake on the basis of strain rates at 24 hours and 3 hours, respectively. Figs.6c and 6d indicate distribution of
the time when strain changes reach the criteria for voice alarm on the basis of strain rates at 24 hours and 3 hours,

respectively.

This area represents the rectangle shown in Fig.l and top of each figure corresponds to the northwest. Solid circles

indicate the locations of strainmeters.
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Fig.7 The distribution of time for convening the Earthquake Assessment Committee when the slip occurs in a fixed zone of
24.6 X 12.3km corresponding to the fault area of an M6.5 earthquake based on a strain rate of 24 hours.
This area represents the rectangle shown in Fig.l and top of each figure corresponds to the northwest. Solid circles

indicate the locations of strainmeters.
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Table 2 Number of grid points and magnitudev range of

slip producing single changes.

We consider such cases that precursory slip
grows at each of 100 X 100 grid points in the
rectangle of Fig:l. Single change X2 (X 10)
means volumetric strain change at one station
exceeds twice (ten times) of the noise level at

the ‘station, and changes at the other stations do .

not exceed the noise level at each station.
Number of grid points and the range of
magnitude are shown for each stat10n classﬂ”led
by polarity.
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Fig8 Greek crosses indicate the slip locations that have significant ‘single. changes exceeding twice of the noise level for

each station.

The indicated contours are typical pattern of volumetric changes for the station representing single changes. The
number of grid points and the range of the magnitude of slips that produced single changes are shown in parentheses

after the station names.
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