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Abstract i

Borehole type volume strainmeters are now in operation at 16 locations in the Tokai District. As a

first step of the study, their responses to barometric change and precipitation have been investigated.

For barometric change time—lag effect and seasonal variation of response coefficient changes are

investigated. As a.result, the single correlation method now in operatlon is available for practical use.

To remove the effect of precipitation the tank—model method and autoregressive (AR) model
method are applied. Smooth correlatlon data wave obtained by the AR-model method rather than the

tank—model.

Next using standard deviations of the corrected volume strainmeter data, some examinations were

done to detect abnormal changes.

The examinations showed, volume strain changes at Higashi—izu assomated with earthquake -

swarms eastern off Izu Peninsula, changes of unknown origin around the Omaezakl in 1987 and 1992, and .

so on are detected clearly.
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Order of time—lag model that gives minimum AIC
Numbers of the table indicate the order of time—lag model that gives minimum AIC on the
regression analysis for barometric response.

The symbol “—" indicates that results could not be obtained because of noise

contamination.

_ The symbol ‘@, ‘@ ,—‘® correspond to the analysis period.

D91, Jan.25—91, Feb.9
@92, Jul.18—92, Jul.31

@93, Feb.7-93. Feb.16

@93. Apr.13—93, Apr.21
- ®93. Nov.21—93. Nov.29
- ©93. Dec.31—94. Jan.9

Fujieda|Shimizu

Gamagori [tenryu |Kawane Fuji Toi Higasiizu

@ Order 0 22 23 2 2 2 4 12
@ Order 0 5 0 (1 4 0 2 -
@ Order 2 10 1 3 10 24 0 1
@ Order| 14 0 0 0 11 5 11 17
® Order 0 2 4 0 0 3 24 6 9
® Order 0 0 2 0 1 0 0 |12

) Hamaoka |Haibara|lrako |Mikkabi|Omaezaki|Shizuoka|lrozaki|Ajiro
@ Order 6 2 13 8 . 2 22 - 8
@ Order - 0 10 17 6 6 - 14
® Order 1 2 4 5 17 20 3 0 0
@ Order 4 0 12 0 12 17 24 23
® Order - 2 4 11 1 0 4 12 23
® Order 0 0 3 0 2 5 1 12
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Fig.1 Comparison of corrected barometric efféct
between with delay and without delay method
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Fig.2 Barometric response coefficients change (Gamagori(a), Funeda(b) and Irozaki(c)).
Periods: upper figure 1985—-1993 lower figure 1993
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Strain data
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Fig.3 Barometric and volume strain filtered data correlation in Jan. and Sep, 1992, for

Omaezaki.
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Fig.4 Schematic picture of tv§o boxes tank—
model.
See the text detail.
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Period:1087.1.1 ~ 1990.12.30
Observatory :Mikkabi
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~=. Fig.T Samples of auto—regressive analysis for the volume strainmeter (daily
data) ]
A :estimated precipitation response using auto—regressive model
B :corrected using auto—regressive model
C :original data (barometric and tidal responses are reduced)
D :precipitation data
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Table 2 Five times standard deviatiions for each
. observation data of first order difference for
At=3hours and 24hours
The table.A indicates five times standard
deviations for corrected data for barometric and
tidal effect. The column’ 50 (+)’ and column .
50 (—) correspond to the (expansion/
~ compression) sense.
The table B indicates data corrected for -
precipitation effect.
+ :New Observatory
(unit:1.0e-8)
diflerence for 24 hours for 3 hours

Observatory A B B .
50 (150 (-)|50 (*)550 () | 50 (H)i60 ()
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Comprssion . expansion

Fig.8 A method of obtalmng standard
deviations for two senses
Two different normal distributions are fitted,
one the right side (expansion: solid line), the
other on the left side (compression: broken
line), independently.
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Observatory:Omaezaki

Corrected data for barometﬁc and tidal responses
Value difference for 24 hours
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Fig.10 Examples of detecting abnormal changes at Omaezaki under some

conditions . B
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A: Changes caused
by precipitation

" or imcomplete -
correction ‘

B: Unknown - :
- Changes
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‘Fig.Q General ideas for detecting abnormal changes
ASn is first order difference with interval A t .. Under the condition
(min (AS,/At,),n=1,i)] 250, the change A is rejected, but the change B

is picked up. :
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Fig.11 A method for detecting abnormal changes by time integral ‘
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. Fig.14 Result of detecting abnormal changes by method 2
(Time integral: 0. 2 times o trigger and more than 700 times ¢ *hour)
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Flg 15 Result of detectmg abnormal changes by method 3

(24 hours difference, more than 1.8 times o for 12 hours continuously and s1mulataneously at3 statlons)
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Appendix figure 1 :
- Auto—regressive (AR) and precipitation respinse R coefficients for each observatory
Right side scale indicates
R—coefficient (ci), the other side indicates AR—coefficient (di).
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Appendix figure 1 (continued)
Auto—regressive (AR) and precipitation respinse (R) coefficients for each -observatory
Right side scale indicates
R—coefficient (ci), the other side indicates AR~coefficient (di).
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-Appendix figure A 1982

Volume Strain Change around Omaezaki in 1987

Appendix figure B

Volume Strain Change around Omaezaki in 1982
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Appendix figure C .
Volume Strain Change around Gamagoori in
- 1993 and 1994
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Appendix figure D )
Volume Strain Change around Izu—Peninsula in
1986 :



