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, ABSTRACT

Anomalous strain changes that noticeably exceed noise levels are occasionally observed by volumetric
strainmeters installed in the Tokai region to detect precursors of the Tokai earthquake. Almost all of those
anomalous changes turn out not to have been related to a slow slip on the plate boundary that is expected to
occur just before the Tokai earthquake but to,have been caused by changes in stress at the local site. It is
crucial, however, for these results not to be overlooked as part of real-time monitoring.

This resear‘ch involves the collation of vall anomalous changes seen 'in_ the strain data at each station since the
beginning of its observation based on the present criteria for the detection of anomalous c¢hanges. These
chang'es have then been qualitatively classified into several categories. The object of this work is to prepare
data for quick ju‘dgment in the event an anomalous Change is detected. Results revealed that (1) the frequency
of occurrenc_e differs by station. (2) specific changes at each site appear repeatedly at some stations, (3) some
kinds of anomalous changes occur only in a limited period, (4) anomalous changes with a similar pattern are
observed at different stations. For example, a specific change d_isplaying compression first for a half-day and
then relaxing through a period of about three days appears oyer and over again every summer at the Mikkabi
station. This kind of change is thought to be caused by the drawing of groundwater near the station because the
level of: 'groundwater is observed to change ‘as well at the same ti‘me. Another interesting change that is
observed at several stations like at Haibara' Ornaezaki. and Shirnizu starts by avsuddencompression or
extension and then is followed by a slow relaxatlon toa statjonary state. Although the mechamsm for how these
kinds of changes are produced has not been elucrdated they may be caused by a common phys1cal process

since the1r temporal patterns are very s1m1lar regardless of the site.
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Fig.1 Anomalous volumetric strain change observed at
the Shimizu station in October 1998. The arrow |
shows the start time when the strain changes. The
value (25E-8/DAY) under the component name
means the corrected trend for the volumetric strain
is 2.5 X 103 strain/day.

Table 1 Comparison of new and old criteria for requesting convocation of the Earthquake Assessment Committee for Areas
under:Intensified Measures to Prevent Earthquake Disasters. In the new criteria, convocation of the Committee is
requested with fewer anomalous changes in volumetric stram than in the old criteria. From the Japan

" Meteorological Agency (1998a) .
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Fig.2 The location of Japan Meteorologlcal Agency’ s (JMA’ s) observation stations for volumetrlc stram (black c1rcles
@) and precipitation . (white squares [J) in the Tokai region used-in this research: '
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Table 2- Judgment conditions for the precipitation term,

which affects JMA’ s volumetric strain data in
the Tokai region. When monitoring differential
strain data for the present and for 3 (or 24)
hours before, the start time for the precipitation
term is the time when cumulative precipitation
within T hours is equal to or over R millimeters.
Then, the end time is the time when cumulative
precipitation within T+3 (or T+24) hours has
fallen below R millimeters. From the Japan
Meteorological Agency (1998b) .

&#Mﬁﬁ@*ﬂﬂﬂ?&# (S&T, 1998b)

. IBRARE ummpEz |
Rmm] | T [hour]| R[mm] | T [hour]
(1) #B# | - 5.0 1 5.0 15
(2) &S |- 10 1 1.0 2|
(3) =#H 5.0 1 50 24
(4) K& 1.0 2 1.0 18
(5) N4 1.0 6 1.0 18
(6) EM 3.0 6 3.0 " 24 |
lHem | 30| 1 3.0 21
(8) TR 3.0 1 3.0 12
(9) i 1.0 1 1.0 18
(10) #M 50 9 50| 2
(an #x 0.5 9 05| 24
&t | 1ro| 12 1.0 18
(13) 148 5.0 3| 50| 24
(14) TR 1.0 1 1.0 9
(15) ®|{p=E o] 1] 1.0 18
(16) #B4%. 5.0 1) .50 21
. (NERBEOSE)
- BKBRIORE
;ﬁmmifwﬁﬁ&mﬁﬁRMﬂuxcaot
- BAMMORT
COA(THN) B#F-ﬂﬁ‘li‘cm%ﬁﬂémﬁﬂra[m]sﬁ:ﬁ

gy 31

7FRIZ1996 8 A~ 199747 R D14, ARG
121996 4E6 B ~ 1997411 H O 14EE) OEIRIPICL
BIZ2T54E LI EERL (2L, HEORES
BRSNS 2 ) 4 ZRHBINED AT v TERL)
DREEEZBFRLTVS (B3RBM). &, §d
@ivcwﬁﬁr 7@%*0%%%%H?¢w
b, JAXLARUIDWT S, BERIR & Bk
BRI TRESh, BiC Iwkrwrﬁrowfmﬂﬂ
UHADEAL LA FAOEIL I 72) 2T, 2
NE OB A IOV CHMEICHE Sh T
W2, F7, VBRSEMTRA, L8R R
LT B REEOEY, BBl A ORI LT

e ZOREEEAE 21 HRED S O 4 X



RO BT CHE S - BERILOFH 5

Table 3 Noise-levels of JMA’ s volumetric strain data in the Tokai region. With differential data for 3 hours and 24 hours,

ordinary terms and precipitation terms, and extension (+) and compression (—) strain. From the Japan

Meteorological Agency (1998b) .
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Fig.3 An example of anomalous volumetric strain changes

(the top curve is from observations by a new
strainmeter in active service, while the second
curve is from observations by an older one not in
active service) that are synchronized with the
underground water level (the third curve) that is
often observed in the summer at the Mikkabi
station. The value under the component name
means the corrected trend for the volumetric strain.
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APPENDIX: Lists and records of anomalous change
patterns- observed with volumetric
strainmeters in the Tokai region.

For example, "1.0E-7" represents "1.0 X 107" in the
lists and the figures.

In the lists, "Level 2" means 1.2 times the
amplitude of strain for the noise level ( from
differential data for 3 hours) or 1.8 times (from
differential data for 24 hours) that level, while
"Level 3" means 2 times that level. "R" means with
precipitation. . |

The events marked with a black circle (@) in the

list are illustrated in the figures. -

(1) ﬁﬂiﬁﬂ(lrako)

§H X AR - 1097/07/01~1998/11/30

BRRERNHFEMEE]L~45

The observation stations for precipitation as
written below- the list are references to judge
conditions for precipitation terms.

In the figures, numbers after component names
mean dates at the top of records. Records are shown
for 1 week, and the start time for every anomalous
change -occurs on about the third day.

"Values [strain/day]" represents the corrected
trend for volumetric strain.-For example, "-2.88E-8
[strain/day]" indicates a trend of -2.88 X '10°®
[strain/day] reduction from original data.

In the figures, arrows indicate start times for

anomalous changes in volumetric strain.
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(4) X&E (Tenryu) ,
PEZE X R IRA : 1984/08/01~1998/11/30 'k L' K : -5. 279E-09 strain/day

IEMERELL (LRL28E) |24BRBETLE (LRL2BIE)Y o
No. | B8R B %I || ReaREERS | Bk |BRLES I gemmBx] 0 Eloss—>

, N | d hhimm|bA'R B d hhimm| LA" |, T

1{1985/01/05 04:00{ 0 05:00| 3 [1985/01/05 05:00 1 17:00| 3 |I) MA—BHMWBU—BRMEY
®| 2/1985/01/09 00:00{ 0 04:00, 3 |1985/01/10 06:00| 0 03:00| 3 ‘ " ’
@) 3/1985/09/27 02:00| O 04:00| 3 |1985/09/27 13:00| 0 21:00| 3 "
®| 4{1986/01/23 17:00| 0 04:00| 3 |1986/01/23 17:00| 2 02:00| 3 "
®| 5/1986/10/04 04:00| 0 03:00| 2 - - - "
®| 6/1986/10/09 05:00| 0 02:00| 3 = - .| - "
@| 7(1987/08/18 14:00{ 0 04:00| 3 {1987/08/18 15:00| 0 12:00| 3 "

8(1987/10/20 22:00| 0 03:00| 3 1987/10/21 00:00| 0 04:00| 2 | "
@ 9(1995/02/04 19:00{ 0 06:00/ 3 - - | = |I) ARy
@®| 10]1995/02/08 02:00| 0 05:00, 2 - - - " ‘
@|11/1995/02/20 03:00, 0 05:00| 2 - - - "
@) 12{1995/03/19 18:00, 0 04:00( 2 - : - - "
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(5) JII1R (Kawane)

BRERREMEL]LI~45
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SRR EL (LL28k)

4BFMREE T/ (LRJL2KLE) |

No. | BRZ&B¥ %I

#esn
d hh:mm

BX
7y

BAssE %

[

d hh:mn

Bx|

LA" R

T/ 5 —2

1985/04/09

14:00

0.01:00

2

1985/05/26

16:00

0 02:00

2R

1) #U-RY

"

1985/09/02

17:00

0 03:00

n

1986/01/18

15:00

0 02:00

n

1986/03/01

22:00

0 01:00

"

1986/03/08

13:00

0 03:00

n

1986/03/24

19:00

0 05:00

. n

1987/04/08

16:00

0 04:00

WO WININI®

o

OC O~ DN ] W[IN|=—

1987/04/22

0 02:00

‘2R,

n

'110]1987/05/20

0 04:00

"

[11]1987/05/24

0 03:00

n

®|12(1987/06/04

0 04:00

"o

13/1987/07/08

0 01:00

NN

"

14]1987/07/15

0 02:00

2R

n

15]11987/07/21

0 02:00

n

'116]1987/10/01

0 01:00

"

17(1987/10/21

07:

0 01:00

‘u

18(1987/10/22

07:

0 03:00

n

1911987/12/02

07:

0 02:00

"

20} 1988/10/03

08:

1 05:00

WIWIW|INININ

1988/10/04 03:00| 0 04:00

1) %3-RY—BH—RY BETROTRESHY) |

21]1988/10/05

19:

0.07:00/

2R

-1988/10/05 04:00| 0 03:00

n"

2211988/10/11

04:

00

0 06:00

3

1988/10/11 05:00] 0 21:00

.| 23[1989/01/30 17:00

0 01:00

2

1) #U—REY

/)

2411990/02/20 16:00

. 0 03700

2R

n

7 A SABAKRAS : =&, BAT. BRL

iR R so— T (BEHE)

Trend:7.2E-8[strain/day)

OF. [ 1.0E-7 strain

EXP. I 1.0E-7 strain

R REEl sy — T (W) . : % wah

Trend:7.2E-9{strain/day]

T

1RFRE 19860116

T

T I

- B2 7K & 19860116
{1 FEZE 19860306
BRIk 819860306 |-

hFRZE 19870406
R 7k 19870406

HEFREE 19870420
Bk &@19870420

HRFRTE 19870602
Rk 19870602

{AFRTE 19871019
Bk 19871019

froREE 1987130 |t

ok #19871130

1 1 1

BABAL - B (7 X X IBRL)

thFETE 19881001

&7k B19881001

L | [ 1 I I

PEARRALY. L (7 2 ¥ 28BN



RO BHER TERE S N RERLOSY

(6) ERE (Hamaoka)

FEXRMAR - 1993/01/28~1998/11/30 FL v K : -2, 559E-08 strain/day
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BR RER(y—1 (BHEHE)
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BRERBEMEE]L~4%

BEP. [ 1.0E-7 strain
30 on/H

FRIREE 19851211
ferk & 19851211

RFREE 19870917
Bk B 19870917

TR 19891003
R&7K 19891003

HRFREE 19930504
BRIk & 19930504

{RFRE 19980608
7k 8 19980608

1 I
KRR ROFE (7 A H XRAA)

(8) ﬁmﬁﬁﬁﬁ(Omaezaki)

RE R R

1984/08/01~1998/11/30 +L 2k : -1, 008E-08 strain/day

SEMEEELE (LR)L2LE)

2485 ET L (LRL2BLE)

No. | RS ES 21 BB | Bk | BAkEYH R B EHEDE—
‘ - d hhimm LA b ~d hhimm LA B
@®| 1/1985/06/06 03:00" 0 01:00 2 - = = | 1) SRS
2[1987/01/10 22:00 0 04:00 2 |1987/01/10 21:00 1 03:00 3 e |
®| 3[1987/04/14 11:00 0 14:00 3 [1987/04/14 13:00 1 23:00 3 | - S
®| 4[1987/04/18 08:00° 0 12:00 3 |1987/04/18 08:00. 1 07:00 3 |N) EFMIBH—RY (t&%snma)‘rﬁmzbw
®| 5[1992/05/11 10:00 0 17:00 2 [1992/05/11 21:00 1 06:00 3 |1) $EFOMIEH

7 A FRBOKBR A - HRTE. %/ R

BRI BTy — T (RHE)

Trend:-1.008E-8{strain/day}

BXP. [ 1.0E-7 strain

30 mn/H

RERZE 19850608 ) ok L L L R
R 7k 219850604 ;
RRE 19870412 {RFEIE 19870416
%7};!198704& '
KRR E 19920509
Bk 219920509

: , ,

: Rk 819870416

Ty KRB : BN (7 2 4 ZEALA)

_ 123 J—

M“ﬁ E“%ﬁhy—/ﬂ ﬁﬁﬁ)

Trend:-1.008E-8({strain/day] ~

OP. [ 1.0E-7 strain
30 rm/H

T T 7T T T T T T T T T

; : : ; : :

: : : :

: : : :

: : : :

; i : ':JL

: : ! :

: ; :

] i 1 i TR 1 i I i I i 1

—

BEREABLG  EBIR (7 2 X AR




RO EHET CB S BEBLOBY | 19

(9) B (Fujieda)
SRR SRS - 1984/08/01~1998/11/30. k L' K : -8. 1526E-09 strain/day
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(11) ;57K (Shimizu)
A AR IR : 1984/08/01~1998/11/30 kL > K : 3.888E-09 strain/day

BRENHEMEE]I~45

(12) &+ (Fuji) | |
SR R AAR : 1984/08/01~1998/11/30 + L > I : 2.5849E-09 strain/day
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@®| 2|1987/06/17 12:00| 0 03:00] 2-|1987/06/17 20:00{ 1 15:00 3 "
®| 3[1991/08/18 10:00{ 0 05:00] 2 |1991/08/18 15:00| 0 22:00| 3 "
@®| 4/1992/06/14 05:00] 0 10:00, 2 |1992/06/14 08:00| 0 19:00| 3 "
®| 5/1998/10/11 20:00] 0 22:00] 2 |1998/10/11 21:00] 1 23:00] 3 "
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3(1987/05/07 23:00{ 0 03:00| 3 |[1987/05/07 23:00| 1 00:00| 3 | =

4/1987/08/16 18:00| 0 03:00] 3 [1987/08/17 13:00| 0 01:00| 2 |

' 5(1988/06/21 08:00/ 0 05:00| 3 - - = n

6/1991/10/04 00:00| 0 04:00| 3 - - — | n

7|1991/10/16 21:00! 0 05:00| 3 |1991/10/16 21:00| 0 15:00{ 3 | =

8]1991/10/26 07:00| 0 03:00| 3 - - — | s

9(1992/01/18 11:00 0 05:00| 3 (1992/01/18 11:00| 1 01:00| 3 |

10{1994/08/09 02:00| 0 03:00{ 3 C — | =] =

11{1994/08/20 00:00| 0 03:00| 3 — - — | n
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FAFRBKBAA LR

- (14) EEReE (Irozaki)

R LR - 1996/06/01~1998/11/30

kL F:-2.916E-09 strain/day

SHBIEELLE (L 2BE)

24B5RAREE T (LR 2LLL)
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BRaRs %l #EBTEERR R X
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(15) ®{F=E (Higashi-izu)

BRERHREMEE]~45

AERFMMO : 1991/10/01~1992/02/29 b L' I : -6. 6E-08 strain/day
SAEXN RO : 1992/03/01~1994/06/30 b L > K : -7. 3E-08 strain/day
FAEX RO : 1994/07/01~1998/11/30 b L > F : -5.0E-08 strain/day
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— - - - — - — (&KL
7 A A ARKER S - FRER

(16) #H (Ajiro)

SAZE R RARS : 1997/01/01~1998/11/30 kL > K : 1.900E-08 strain/day
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’ d hhimm|LA" A d hhimm{ bA" : :
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@] 2[1997/04/26 09:00. 0 04:00| 2 - - - " '
@®| 3|1997/05/18 12:00{ 0 02:00] 2 - - [ = "
®| 4[1997/06/21 11:00{ 0 03:00/ 3 - - |- "
®| 5[1997/07/07 14:00' 0 03:00, 2 - - |- "
®| 6[1997/11/12 04:00° 0 03:00' 2 |1997/11/12 14:00: 0 01:00 2 "o
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