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Rainfall Correction of Volumetric Strainmeter Data by Tank Models
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ABSTRACT: Rainfall correction of the Japan Meteorological Agency’s (JMA’s) volumetric strainmeter data
was problematic because a mediating change was produced after rainfall. We attempted to perform rainfall
correction of the volumetric strainmeter data using tank models (Sugawara, 1972) and were able to obtain
better results than with old rainfall correction. Various tank model shapes to correct rainfall of crustal
deformation data had been suggested in previous studies, but no general tank model shape had been
determined. By changing the shape, tank models can adopt the effects of flank outflow and soil water
structure, evaporation, and time delay. We defined the sum of the absolute value of the difference of
volumetric strainmeter data over the 24-hour investigation period as the objective function and examined the
shape of the most suitable tank by the SCE-UA method (Shuffled Complex Evolution method developed at
the University of Arizona, Duan et al., 1992). We suggest the most suitable tank shape in Fig. 25, Table 6,
and formulas 22 to 36.

Because rainfall correction by tank models had been examined for shallow crustal deformation
measurement in previous studies, the penetration process of rainfall had come to be regarded as important.
We understand the load and horizontal movement process of rainfall are important in correcting the rainfall
of deep borehole crustal deformation measurements, such as those of the volumetric strainmeter.

For JMA’s strainmeters, the noise level was defined to monitor the Tokai Earthquake pre-slip. We
recognized that the old noise level definition was problematic during the rainfall period, and we suggest
re-defining the noise level to estimate each amount of precipitation progressively. We obtained a resulting
noise level value that was 68% of the old noise level and old rainfall correction. The detectability of a Tokai

Earthquake pre-slip will improve by incorporating rainfall correction and re-defining the noise level.
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Fig. 1 Data plot of all volumetric strainmeters and precipitation at Shizuoka (1)
(A) June 1-30, 1988 (©: These strainmeters were updated in the 1990°s.)

(B) June 1-30, 2008

* Station code (refer to Table 1) is shown on the left side of the volumetric strainmeter data.
* Volumetric strainmeter data is corrected for the tide and barometric pressure, but not for rainfall

(no rainfall correction).
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Table 1 ~Station code and installation environment for volumetric strainmeters
Station ) Japanese name | Altitude | Underground | The precipitation data using for the
code Station name (B S 4) (m) depth (m) rainfall correction (*)
1 | Taharafukue e T 6 268
2 Gamagoriseida %?égkg” }%E éj 38 100
3 Hamamatsumikkabi f]iﬁf Z)E /7 é 20 216 Mikkabi (=4 H7 A & R)
4 Hamamatsuyokokawa {/i f i}) *ﬁ?)fr 160 149
5 | Shimadakawane iR 173 101
6 | Omaezakisakura T 2 35 286
7 Makinoharasakabe ;é‘ Y ‘jlﬁig\g 16 254
8 Omaezakioyama {5 %ﬁéj myﬁj 45 214
9 Fujiedahanagura ?”;%M% 45 101
10 | Shizuokaurushiyama | # i 14 (1| 8 198
11 Shizuokatadanuma %Wéjﬁgj 60 125
12 | Fujiunaigafuchi - 206 92
13 Izukoshimoda éﬁjg/j\ T EIEI 100 152
14 Minamiizuiruma MM{L\ 5:%% ﬁj 53 250
15 Higashiizunaramoto %Lé}é;% E b 148 251 Inatori (FEEL T A & R)
16 Atamishimotaga XM/# u%{’% 70 260 Ajiro (LT A Z 2)
17 Yugawarakajiya ?;5'73;; %fﬁ{%% 187 150 Ajiro (R T A & R)
18 | Hadanobodai T w4 206 148 Hiratsuka (FERET £ # 2)
19 | Oshimatsubaitsuki B e 187 291 Ohshima (K7 # & 2)
20 | Hinohodokubo 055 72 44 125 148 Fuchu (Jf 17 A 2 %)
21 | Yokohamakawawa ke 10 55 203 Ebina (&4 7 A & 2)
22 Miuramisaki é{%% éf 50 150 Miura (=l 7 X 4 R)
23 Yokosukamabori %ﬁ? 21% % (iumvj 28 250
24 Tateyamanakazato t;E Eﬁ‘% 35 250
25 Futtsumochii %é%ﬁj# 15 150 Kisaradu (KRBT A & R)
26 | Sosaiidaka It B B 35 300 Yokoshibahikari (£ 5t 7 A & %)
27 | Otakiutobara Kl 90 250 Ohtaki (K% # 7T £ & 2)
28 Nagaraosakabe m;ifﬁ\j%]ﬁ\gj 28 250 Ushiku (“FA 7 A & Z)
29 Katsuuratona )a;;:; fg!é;% 12 250
30 Kamogawayairo gp%j[zl)j\ 3 30 150 Kamogawa (85Il 7 A & )
31 | Choshimyojin Bk 7 B 20 255 Choshi (877 # & %)

* If the cell is blank, the station’s rain gauge precipitation data is used to perform rainfall correction.
(The Japanese name of the precipitation data is shown in parentheses.)
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Fig. 2 Shapes of various tank models from previous studies
(A) Sugawara (1972), (B) Nihei and Hikawa (1984), (C) Tanaka (1979)
(D) Yamauchi (1981), (E) Nishimae and Wakui (1996), (F) Ueda et al. (2010)
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Fig. 3 Map of volumetric strainmeters
* Station code refer to Table 1
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Fig. 4 Data plot of volumetric strainmeter and precipitation at station code 5 (1)
(1) Volumetric strainmeter data and precipitation data

/1 6/11
(May 15-June 15, 2007)

B/21

(A) Volumetric strainmeter data is corrected for the tide and barometric pressure, but not for rainfall

(no rainfall correction).

(B) Volumetric strainmeter data with old rainfall correction

(C) Volumetric strainmeter data with rainfall correction by the tank model

(D) Precipitation data

(2) Difference over 24 hours in the volumetric strainmeter data

* The total gray area shows an objective function.

* Items (A) to (C) are the same as in (1).
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Fig. 5 Data plot of volumetric strainmeter data at

station code 11 (Jan. 1, 2000—Dec. 31, 2009)

* Volumetric strainmeter data is corrected for the
tide and barometric pressure, but not for
rainfall (no rainfall correction).
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Y RBZHRTRE LRI KR E VLT <
(HH, 1995), 24 B THEI Lz X 2 cks
DB CTIEARBOL IR F L T ETNDIRT A —H
DEOHEFEEL LT —BMICELA TS
SCE-UA {E D ALER D JiE AT 2T, HIFE - il (2006)
R -4 (2011) TH HAGECTFIENFE LM S
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NTEY, ARMTIFENET L. LEOWN Z HIEIC
S20E, WIMIEE L7287 A — X OEOEREREI G
TR BN T AL OB EREIERL, TN5
BEIN—TIHEILT, TOTN—TNORENRT
A—=BEZDMDONRTA=2OTEEV 226 R
MBS DEN /NS 72 B F~EMELLSE TV E,
BENTFA—=ZRNZNU ESE LR D £ TME
HREVIKL TS HDOTHD. HL, HiIZH I E
TINDONRT A —=FOEEHET A2 THIIE 1 [H
DEREZAT I T TH o0 b ARV, KO
Iow s oRERHTT L LI REE, TNE
NoF 7 OIBRIZI W T H BB O JERR ) 72 F /)
BICETDIHERS D720, HIMERETS/87 2 —
Y OB ORI 2 FATHRA U723 HATE b 3R &
VIR HER Dol LIRS THAEBERERES R
ot L IXF A2, KBOWEIZIINRY OFMH &
RElZ B L2 2R LA T, vk, HWHE
BOR/MED 1X107 strain LV B LRV & %
bHoT, MR R/NMECELEZEH L., 0
X H BB OSSR & L TIX0.01%0 5 0.1%FE
ThHhY, ThEXV/I IR ENEROUERITIHEE L
HIRERNZ LIS T 5.

B, ABoORECANETYve ST AD Y —RA 2
— R, CEFET 1800 /THE TH 5. Frgk/e ik
HEABIINE W, BIEOWAD Y 2 TH, 8
EWRHENGHCHENRTRTHS. £, KEO
IR T — 2%, WY EREOMEEZITo -
BHOT HEHT —F LBKET — X ORFRERL T T
HDH. B, MWMIECOWTIEA I L Ic kil 2%
BaERWe., KEOT AT —2 I IREMEZ DL O
Tl A<, WIWMIEFEE O/ & 7 24 BERFE 222 A o
TEY, AZLICHWM RN R E 8T L
Ao ETRUN.

35 BREBEDEZVODKEDNBAENEZH
ABICBIT L 7T AT, FEOX 7O
ARALOWIHME (1999 4 12 A 31 A 23 B fE) (2
FHAWIM & [F T 2000 45 5 2009 4 F TO 10 4/ D
FHA IR T 1 R S &l (2009 4E 12 A 31
H23BFOE) AW, KfETIE, FofllaTh
MERBERIZ0ERDZEITIFEA NS,
DFEY, BEAKRPIME S TZEMED D BRI IEEZTT 5 O
Tixe<, BAHMERSWSOTHLLETHDLZ L 2R

e P .

Fha

Fig. 6 The shape of the bucket model (Manabe, 1969)

WL TW5., ZHHEEST — ¥ O KHIELZS
25 ETEHETCHEREARZ LT, 6 THELIART.
nB, FBOY I OKRMOIHEICOWTIL, 4.7
Hi TR O T HEORBKMIEICHE Lz ¥ v 7 OFIR
ERELIH, 50T Table 712 TRT.

4 [ERTORBUOTHEIHOBKBEICELES v
7 DGR DRE

41 NTYEFILOS1EDRIVIETILET
ABORMEEITIRPDOE >nTF L7572 DI,
INETOERBOT AT —F ORBAKHIEIZ Lo T
MK B TRE TN 2 AL A U C L E 5 S % iRy
Bizw, & THHEMARNTYET % O BFEAKH
EERAIEZD, BIMCHLBEHRERE/H/ZZ L
Thd. ZORKIFBATIEH DN, ¥ I ET
N~DREEDEA (X7 DIGIRDOEE) HENH
FCHRICHER TED 200, ZOHITHMNT 5.
4 728 Y B 5 L1 Fig. 6 12789 Manabe (1969)
WEBHHDOT, [EET NVICHAIAT 2O, MKMW
DARRFICH L TERLELDOTHD., XY ET
NELIEROBER TR A V7T AOFICEENDD
MO EIIR VD, Bk E L TR N TN RN
TYEDLDOTHDHIEH, 22 THEATET 5.
Manabe (1969) D347 Y EF N TIE, BEZ tICH
FHARTY DKM E H (1) &T 5L, HALRER 7~
DOEALEIFLUTOL I ICEKDLES.

H (t+At)=H,(t)+ P-FE

(H&0+P—E<HMMLD

:HMM

(t,0)+P-E=H,,,)

Z 2T, PUFHEACREMIROKE, E X HALRER RS
B, Hyy 1IN ORKBKERT, Hypyy YL ED
S OKITETHA~RHT 5. 72, Manabe (1969)
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Fig. 7 Shapes of the bucket and tank models
(G) Simple bucket model G
(H) Tank model H without flank outflow
(I) Tank model I with flank outflow

Te—7 strain
10 mm/hour

I

B/21 6.1 6.1

Fig. 8 Data plot of volumetric strainmeter and

precipitation at station code 5 (2)

(May 15-June 15, 2007)

(A) Volumetric strainmeter data is corrected for
the tide and barometric pressure, but not for
rainfall (no rainfall correction).

(B) Volumetric strainmeter data with old rainfall
correction

(G) Volumetric strainmeter data with rainfall
correction by simple bucket model G

(D) Precipitation data

X, ARSCFANCIEEZE RN ER AT L A L
MLT, RETTLICE > THEHELRABBRICER
EEVWCND. INE CHERERT — % ORKEHIE
WCHAWLNTELROND X 7T LD L H I,
MmN D OHEAIFHAREE 2 —EMETITEHE 2T
BT, UTFToOXDXHCEZTN5D.

E= IBPCDU(QSAT - Q) (3)

TIT, o IXERDEE, CplIARITET L
TARE, UILRGE, qgp 3R mEE O faFotkiE, g
TR THY, ZnDDOPITITEEOBET — & &
LTANTHERLEONH D, FopiztEmo
HIEOLRTIERTHARBHNET, UFOXD LD
IZhH 2 Tnb.

be—{ strain
100 mm/day

1234576 7 "8 91071112
Fig. 9 Data plot of volumetric strainmeter and

precipitation at station code 5 (3)

(Jan. 1, 2007-Dec. 31, 2007)

(A) Volumetric strainmeter data is corrected for
the tide and barometric pressure, but not for
rainfall (no rainfall correction).

(B) Volumetric strainmeter data with
old rainfall correction

(G) Volumetric strainmeter data with rainfall
correction by simple bucket model G

(H) Volumetric strainmeter data with rainfall
correction by tank model H

(I) Volumetric strainmeter data with rainfall
correction by tank model I

(D) Precipitation data

p=1 (Hl(t)>HWET)

= (Hl (H=H WET) @

Hypr (3TN B EBLET 537 A —5 T, &%
BhER BIX ST Y DKALD Hypr \ZFET D ETHATY
DIRBLNZELB] L, ST OIKRALDS Hypp (\Z7E L 72 BERE
THIIHERD.

BRMHIEZ2 L OMBRE T T — & D (f) \CHRKMIE
EIToTD' () T2, UL TFOL I IcE£bED.

D'(t) = D(t) + 4,H,(?) (5)

T, A AT Y OKRAL Hy ()0 FFAR &tk
BT — 2 O IERICHBET M ERETHD.
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X () ITRTDHEMIFHZAREEZ 0 2L, N
T DR KREARERE Hyyy # EBRK E LT2ET AN,
Fig. 7 (G) @& CTHLHHiA Y ET L (LK, N
TYETING) ThbH. NTFYETIAGIE, S0Vt
2B EBEKRNANTVIZRFE VKT B 720 OBl T
FTNATHDH. Fig. 812, (5) BEHINEDO 1 » AMD
FEOTHHT —F 2T, TNETORKRKMET
XK BBITRERI R BN E L TWDR, NFrYE
TV GIZ L D B IE CIEBE KB ICREFI A 72 25 (k28
ELTHRWY., LenoT, 2l b Zoio
BEAKIZHOWTIE, ZNETORKMELY bFY
ETILVGICEDBAMED T NENESZD.

L/ L, Fig. 9 D X2 ICKOERYIMZ 1| F£RHIC
BT &, ST YET I GIZ L DBEARMIE CIIMIE
TETWRWEFARESNHDLZ b anDd. (5)
B EIRTIE, 2007 FF127 A & 9 ADF 2 [BIKHE
o=, WTHRE AT YET I GIZ L DEAKGIE
TIHFEABITEMO 2B OOB/ARNELCTEY, #
WIEER>TWVWD., 20Xk RBHEEZSFET -
W, FlZIFWA (1981) (X228 TN L7z & 51,
ANMETHDEARET —HITEEEZ ML CTHRELT
W5, AT, N (1981) @ X 9 e FiE TR
<, NI YET NG DEIZ, N7 OKMITHEHE
DB S AL CF i i) # 8 A L T+ 5.
ZDOWDIERTIY N HE T~ ERREELS ST
Fig.7 (H) o %> 7 &5/ (LI, %> 7 F5 /L H)
WZOWTh, BABMEEZRRTZ. 20X 2R THK
HiBfRE2EATD &, BAKIZEDZ V7 OKRMD 1
FAICHEOFHHEREEZBCT LN TE S0, Bk#
DBWEZMYTEDL. AL I7ETNVHDE LI D
KAL Hy (f) OEALFFRSH7- 0 OBLEBIZUTO LS
IZRDOED.

H,(t+Af) = (1-a,At)H, (1) + P (6)

ZIT, PITHEAIEIBEOKE, o 3 T HRHEERK
Thd. TORME, Fig.9 (H) TrT LI, N7
YETFAGIZEDBAMEIZ L o TRFOHIZA LT
TWEBHIEAHETE -,

61, KMOBIZE T3 2L (I i i
) #HALFig.7 () 0% 77V (LK
Ay 7T IZONTHBRAMEZRAALLZ. Z

DX e ME R R A BEATD &, DrOREKT
EERVRBENDR, KEOBRICIET % v 7 OKRAD L
FIEIMHBEZHOT I ENTE D720, k%
DOEMEE I HICHTEL. X771 OM
i ALO®mSE R &35 &, M & O XL
TOXEICEKDLES.

0, zﬂlAt(Hl(t)_Rl) (Hl(t)ZRl)(
=0 (H1(t)<R1)

ZITH, FmEHRE TS, LT, A
JETNIDOH T DR H (1) ODHRAREE ST
DEALEE, K (6) ZD LEBLTUTOLIITE
bED.

H (t+A)=(1-a,At\H,(1)-0,)+P (8

ZTORER, Fig. 9 (I) TRT LI, ¥ rx®5F
NHICEDBEAMIEICL > TRROBIZEL TV
WHHIEZ S SlcthkBETE .

B, INLOETNELETAZDIZK (1) T
EE LI BMBEKOMEE AW A, BAMIERL
AR LT DL INETOBRKMIED B AREKOH
1% 198%/ NS o BETHLDIZKIL, NrY
BTG T 43.7%, X7 ET )V H T 52.0%,
ZrUEFTIVITIE S39% b /NS Ienle. D
DR EEHECT D Z LT L o> TR D) R
Lo TCWVWAZ LX, Fig. 9 DL H» MO ETY
—HBRRTZH, BB E VWO HED TR
HZENTESH. AL, KRETLEE T H TR
FEORFENREZHRT LN L W20, BRYE
BOMEHET L LIk TH Y7 ORIROBR
21T .

B, TOHITIXEKOEENRRKE W (5) A
WMEFE LTRLEDR, KHICE2BHEICHZD
SN, TNETORAKBELIY BT YET L G
WX DBEKRMIED T B RVOIL, MoOBH &S TEHHE
RThotz.

42 2BULEDER VI ETIOMBEZRKIZONT
INETITONTEEZ 7 ETVIC L D %
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BT — % ORKMIEIX, 22 BiTHRAMLELIIC
F e AEDRH BTV AROBRER TH Y, b
VANMTEDEKRBEOEEEEZEZ DD, K FED
BT DKNDHBEED B ZHANT WD, D9,
B2 D DKM OFFAEE R EET — % O IERIC
BETOIMEREIT, | DFPILEThH-7-. HF
(1985) 1%, MEALE A E K L TR faf D
HEEEZEN, |BEEE 2BHOX V7 OKRAD
HEEOMEZANTWS D, MIEAKIER L 1
ODRETRBEThHo - AMEDOKELEZ 256,
ENENDH T OKRMPMFEBREERT —F 2525
HEN -2, BIR (1985) LERICHED X
VI DKM DR ORI AE AWT, MERKE |
DT ETL2ONREETHS. Lo, Fig.l (B)
D (3) ER=r B (10) FEBELO X I, BEK
WA AOIEHE 2 D BARTE D, BEAK T E DOffE A DZEAL
ERELS EESZMUODEERDYGE, TROZ

7 DAIESRB DR 503 BB L TRER LRV IR D,

KET 5 RERMOOELERST Z L ILTER.
I HCiE, MR (17) BiREEREO X5
2, EE OBKTIEHEADOELENR, KEOBICR
> TEDHEHDOEALE R E L EEZHOOE{ L& e
D, ILIZENLE ERDRE A ZEILE LD X
I IR KIS DIEIBIE N BOBIS L H D, L
BoT, AT EHE- M (2010) 7 A7 7 &
DA, 2 BUEDOHX I BT LOMEREIZON
TIE, 1BRBOX 7 OKAMN H () OFFEEICKL
T, UTORXRDO L) IZZnNZENBOMIELRE 4, % H
WanZ g%,

D)= D(t)+ Y. 4,H, (1) ©)

ZITC, n 3V DOEKRTHED. ZOXHITKE
BoX 7 OMEREREEZTZZ LT, BRERMIZE

B R OBEKISE OB EZEET 22 LB TE RN,

FRIZOWVWTIZSIHTRANT 5.

43 M (1979) & TIshihara and Kobatake (1979)
DR ETILOLHE

AT, ¥V 7 ETNMCLDERBOT HEHT —
A OMBKMIEICE LS 7 OBREBRFNT S, %

(C) IE IP _
/i
4”;_
o o
i

”CYS

Fig. 10 Shapes of the standard tank model referred to

n (Q)
=L
le RACZ
—

in section 4-3
(C) Tanaka (1979)
(Q) Ishihara and Kobatake (1979)

TIEMFTOFER DY il /2, TELHRETF 7
NpETIVE OB S 5. Z O/ T, Fig
10 (C) WZadHS (1979) © 2B 7 ET L

(Fig.2 (C) LMLU. LI, ¥ 27ETVC) &,
Fig. 10 (Q) (Z7~7 Ishihara and Kobatake (1979) @
3Box TN (LK, 27T Q) &b
45, Zr7FTNCHE228THRAMLEZLD
IZTE 2 K EERGFT — 2 OBKMEEZHE LT
W5, —HFDE 7 EFAQIL, KWNDOEEOW )G
HEZ#HEST LI LE2AMNE LTS, 2B
Ishihara and Kobatake (1979) %, ¥ > 75 /)L Q D
iz b BB EROZ 7 ET NV EROTZHEEZT
STWVWENR, TNHDHI L IET L QNKRIT
OEEREHFEKOEH AR LIZLHVLR TS D,
OB AKAOETLE LTRATS. 2
B, #r7EF/NQIL, Fig.2 (A) OEJFE (1972)
MERLIZABDZ L VEFTNVE E3BEDEZ 7D
FERMAE T TH 225, Kl OEEOW )G FR %
BEWTERY, EHMTIIRANICHRTEHR T 57
FEIMBIZ OV TIEBE L TR0,

TP, AL IETNANCORERT. 1EEHOF
I DKAL H (£) S, —EDKA L LL BT b0
THEE LW REKSBEZEAL TS, 20D
Lo BHAKGMEEEAT DL &, R (1979) »
SRE DTN BV THLZRIZEEAK D & - T b1 i
BEREIMLARWEFALRS L EVWIHIBHIFERLRDYE
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Tl EEBIALTVD IS, LIES < FEAK g
ST DAL DK E, Wil BEK & TRAKIRE
EEZDHIENTES. 1 REMPL 2EHDOX VY
DTHIHE S IE, UTOX 2 IcEkbES.

S, = alAt(Hl (1) _Ll)
=0 (H,(H)<L,

(mmz%%m

IIZITa, i1 BROX O TFHFREFEE TH
%. F7=, Manabe (1969) O 37 Y £ 75 L L [EERIZ,
1BB DX 7 ORI RIRKE B Hyux 2 5
LEIE, 2TH 7080~ 5. 1 BREDX
v 7 DRNL Hy (1) ODHEALREEH 20 OZ{b&IE, B
ToXocEkbES.

H,(t+Af)=H,(t)+P—S, ~E (1)
(H,0)+P-5,-E<H,,,)

:HMAX

(H,0)+P-5,-E=H,,)

ZIT, PUIIHMIREMBEKRETH D, ok, HAL
MHZAREEZ—EETHD OO, BB B
HOX o7 DKM 01272301, BALFRERZARED
0D ED%EHBRV. RIZ, 2BEHDOX 7 OXKAL
Hy () IR T BHEMEHH- 0 oZ{bEIE, 1 BEA 2
L2BEBEDODX L7 ~OTHmHBBIZLDWMAL 2
BERDEZ 7oA ~OT iRz L 25t
LoTHREDY, UTOLHIZERDLED.

H,(t+At) = (1-a,At)H,(t) + S, (12)

ZIT, a X2 BERBOX 7O T iR T
H5.

wiz, v 75T Q ®X &R . Ishihara and
Kobatake (1979) O IZ XD FR T2, K[t
FOEERERBZICOVWTRAL T AME - fl
(2001) DI LICABBAENTND. LEEHNS 3
BER D F v 7 DKL H (f), Hy (1), Hy (1) I2BIT D H
iRl o 7c v ORI, UTOLSIcKDLED.

H,(t+A)=(1-a,A)H,(t)+P-0,, -0,
(13)

H,(t+At) = (1-a,At)H, (t) + a,AtH (1) - O,
(14)

H,(t+At) = (1— o, At)H () + a, AtH, (1) — O,
(15)
7B, a, ay a3l 1EANPLIBEHEETOX
VI OTHERBEEE TH L. £, Ou, On, 0,

O; I X&F 7 oflmHE (1 BEHEOX 71213 2
SOMBHRBILEZRE) T, UTOXHICEkRbES.

—~

H()ZR,)
H,(H)<R,,)

O, = ﬂnAt(Hl(t)_Rn)
=0

(16)

—_— T

H()ZR,)
17
H,(<R,) "

O, = ﬁlZAt(Hl (- Rl2)
=0

—~

0, :ﬂzAt(Hz(t)_Rz) (Hz(t)ng)
(18)
=0 (Hz(t)<Rz)
Q3 :ﬂ3At(H3(t)_R3) (Hs(t)st)

=0 (H3(t)<R3) "

22T, By, B Ba B3IEEKX U ORIMEIE
HWAREL, Ry, Ria Ry, Ry XK % 2 7 ORI HIL
DEITHD.

INL 200X TET BT DHE T DK
DEWIL, REST 425 5. 1 0B IZMHHTH B
T, FYI7ETNANQTEHBELTCWVWDINF L IET
L CTIEEB L TWARW, 728, Fig.2 Tix (C) &
(F) PSME, 2CilmihiEfRsBZE L T\D.
MEFRHBEZEZELTWHWRVWE L Z7EFTALCTY,
1 BHDOZ V7 THRRBERAKE R Huyax 82 2KIE
BTH 7 QIR T DR EZEAL TWDH A,
T FE AR & SERIC R U TR, BL, I T
HEREZ 100%ICTHIXE CilfRasRbE 2720, 1
Bt H oM e @R 08 AR EZRET 4T
»5. 2 OHITTEAKGHEET, ¥ I7ETALCT
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Table 2 Tank model parameter differences (refer to Figs. 11 and 12) for comparison in section 4-3

Type of the tank model C 1

2 3 4 5 Q

Number of tanks 2 2

2 2 2 1 3

Evaporation from the first tank (E) | Constant

Proportion to the water level

©)

Soil water structure of the first tank

The first tank

Number of
The second tank

The third tank

flank outflow

Overflow from the first tank

Number of parameter

© M P @ b, @ I O
| £ ] £l £ = —
I | I | I
. | _ 7' |
' = L
| | | | I
Fig. 11 Shapes of the tank model for comparison in section 4-3 (1)

X 1IBHOX 7 CERBLTNWDLN, ¥ I7ET L
Q TIFELEELTWARY. 228, Fig.2 Tk (A)
L (F) LML, wWIhho X v 71t 0Tk
SHEEEEB LTS, 3 SRIIREERT, v
JETILC TIEHEBELTWAN, ¥ 7EFEFNLQT
IEBE L TRV, A28, Fig. 2 IZBW TRIIERE
EEELTHDOE, (A) & (CO) FFTths. »
Thb BENREFARE EIXZ—EM TH 5 M, Manabe
(1969) oAV EFALOX (3) KUK (4) b
X, "7y (Zr 7)) OKRMP ERTRIEERED
W2 D2k, KA —EORSIZELLHAICHET
LERHDHIEbRmBIhD. AL, RIEOHRICD
WL, flimiHAlomEE 0 & ThiEe< [ Ui
FRERED. 4 DHPHHRERORRH DL 7
DT, X IETNVCIH2E, ¥V I7EFETNHQ
E3BTHDH. B, Fig. 2 TIEX v 7 0BT 2
BN SBEETHRATHDL. ¥ 7DBEERZ TN
%< 2138, BHERERENOHRELRDED
—HT, RNITA—FEPER DD, NTA—FD
EOHEIZO I BFERB LI TCLES. Z0Ok
W, BUIEOFHEHERELHE X2 LT, KEOTH
T — & OB E IS BARBR Y B A D BUE AT FH

(5) | 4) |

_
=
—

L
I

Fig. 12 Shapes of the tank model for coml[rison in

section 4-3 (2)
* (4) is same as Fig. 11 (4).

RRER X L DBRBICHOWTHET IS ELH S.
UbD4o0iEWEREZT, ¥ 7ET L C»
LAV IETNVQET, L LT2¥ 7 ORKEE
RN EREBOMBE KRS 52 & B AT,
Fig. 1112, > 7 EF N CE2EUIVIZ, & 7 DB
Bra2BELEEE, PLTOX 7 0BREEZ
T, SWMEOHEANDREZLBR LBk 72T
NVEIRT. FT2, Fig RIZF 7 ORRIETZ V7 F
TILQELIFEALRLOEE, ¥ 7 DBRKEEZ
T, RO %3O E I RARIR MBS BLE
BICEHRTREZR ¥ v 7 OB 2 AT 2 7o DI bk
LB OZ L VETVERT. ZTNHOH T E
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F (L, B 7TV 1~5) DL, XU E
TV 41X Fig. 11 & Fig. 21T EBD2<FELE
FLTHY, Z02o00ROFENEEDLES L, X
VIETACHBA U IETNVNQETHL LT DX
I ORREEZT-ZLIZRE., ThbDX I ET
NOWITER LR L, RT A= &%,
Table 2 IZ/RF. 7235, Table 2 D/3F A — X i)

32%TTLt;9 , FTLIZEL W R LY

Fe% (X (D 7‘5 Tr (y) ) LEHML ML
VRRRR LD, TOEEZBDDHIZODOEENT
A—BD12LLTEMLTNDS.

Fig. 1312, # > 7T NV CEEMEL LY vV E
TNH1~4 DHMBEEOBOLEEZRT. Zhit, B
WMEZEICEOMEDBEANNRBE D ERDTH
DODRTHD. X7 ETNCOHRMEE M LN
ELTERILTEY, MENNZIWIEERFRAME
OHERE . FHHNCR TV &, 2 7FT LV C
EH BTN TIREAMREZAR BN —ED, ¥
VI DKMAZHFIT D DDEBNRH DN, EHLD
BAZHEB @O O TIEAERA 2R 2o 72,
2, ZUIETNCIERTE Y IETLV1IOH
HIBEH D E A, (10) FERAEEILTIX 2.4% /N~ <720,
Wi (14) APFEABTIE 1L.9%KEL o7, 20D
AFEWMBICOWTE, KEI T EHREMIFATTD. K
W2, BUUFTFNLEZ TN TR HEAKS
HEOBEANOFEDE NN H D, EHKIHEED
BAERENZ ERERBTE . KT (10) #
BILTIE, 6.7%b HHBEBOEN NS kot %
LT, VI ETN2EX 7 ET IV TIEMMETR
HHROEAOFEDBZE NN D DA, I H E R
DENDERE N ERHERTE. Friz (5) BH
JIMR T, 10.0% b HBEROEA /NS < 2o 7z,
AU TETFINIEL L TETINATIEZ V7 DKAL
B3 2 BATRFRIZE R EOH EOEW DI H 5 23,
HABE DI A B R 22N e inoTo. BN R 785
BENY T ORMICHBIT D EF 2 H5EIE, M
HRHEE L+ DICRATELZZORETHD
DR TE .

F2Fig. 1412, 1EEO X VBTV 5 HHHMEL L
F2BOX L TETNLARRIBEOX L 7ETILQ
OHRMEBDED R ERT. X7 OBEEIPHEZ

21250 T, 2 TOBMESTHHBEEOMEN /XL
ol Z LR TESL. HL, ¥y OBEHKE 1

Bein b 2 Bl LA, 2B A T H MBI
DN 82% /NS RoT=diTxt L, 2 Bnd 3 B
W L7 %aid, 2B REY CHBMBEROIEDR 1.4%
FENESL o lBETH-TZ. 2FEV, XL 70
B T R, Z U DBENEL RDHIELE
B D ERNmmotz. 7ok, (6) HENKERE T
X, Zr 7 0BBE 2BENPG3IBICLIEEAETHLHE
HIBB DM 10% L LS < b, Z o7 OB %
3BT AMEMERNENZ ERAMRTEZ. ZOH
HiZ, 1BEBEOX U ZIZHEADBIFEDIZS WD & &,
TBD X 7 OWMIEREOF SN EBIZx L TR
TOHMLERDLDLE VWD 2 00K ME, 2B0X 7
ETNAOFIZMY AL ERHELWV O THD EE
bbb, 6T, (6) HAlkies Ty v 7 DF
%u&y7%?kaﬂuii S DBEKE 3
BN A4BRICLEGEICOVWTHREEZIT- 7208,

E%@ﬁ@ﬁ#]&%mé<&otﬁgf%ot.
(6) AT EAICBWTH 7 OBEKE 4 BT 5
VHEEOFMIL, 4.7 BT OBRERELE
ECch®»THETS.

4.4 EEBREOBHHELEH
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Fig. 13 Ratio of the objective function based on tank
model C
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Fig. 14 Ratio of the objective function based on tank
model 5
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Table 3 Tank model parameter differences (refer to Figs. 15 and 16) for comparison in section 4-4

Type of the tank model 6 7 8 9 10
Number of tanks 2 2 2 2 2
Evaporation from the first tank (E) -I Xc Xe b Xp Xp, X Xo, Xp, X,
Soil water structure of the first tank @) O O O O
Number of The first tank 2 2 2 2 2
flank outflow The second tank 1 1 1 1 1
Number of parameter 12 13 14 14 15
|p 100
IE =I B1 [%J Others
RAL
L R ]B_ 10
0 9
(04 15
99 5
B,
Ry
(04
986 14
Fig. 15 Shapes of the tank model for comparison of N3
evaporation (refer to Fig. 16) in section 4-4
Evaporation Evaporation
E|D E|(9 — 071
E. E.
E : “E 11
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Water level of 1st tank
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E- H(8)
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E:
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Water level of 1st tank

Fig. 16 Tank models for comparison of evaporation

in section 4-4
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Fig. 17 Ratio of the objective function based on tank
model 6
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Fig. 18 Relation of precipitation after subtracting
evaporation and the water level of each model
(A) Bucket model (Manabe, 1969)
(B) Tank model (Sugawara, 1972)
(C) New bucket model (Kondo, 1993)
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FHLRNE WY REICBIT D2 BEEEBROBERTH
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~OREKDIZFERREE B X TND 2 EICHERDL
BEThd.
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tanh(x) = L—XPC2Y)
1+ exp(—2x)

£ (21) OW—DRMD T A—X Hyp VL, N7
YORKEKERTHD. ¥V ITETARONTYE
T AT DR A BEAK R — R RISkt L CEM T
BHMIcZ b L TCWa okt L, BT Y ET VI
2RI DKL D3 K B — 2K BTk L C il R T e
AN AL U CRRIRAKRE B Hyyx WS 5. T
(1993) X, FINNTYETARH V7 TT VI HEE
R ENTYETIVORKEKRERE Hyx &5 S
ERTHDERM LTS, FHAryET L, Al
I AR ISR S 3 T IR - b H TRE T
D, FEBITUTEE - (1995) X T HiHERIC S B
Ny YT NAEEAL, W) & OB & oL
WEITo CRUBEREB/B TS, AFTH, TFH
B A F A Y BTN Y B2 5HE R
72, BRBRDOLARMITKbDoTZ. DO /NT A
— 2R S O T R R AR 7T S A D
P R R R & 573 Y BT S R R A
FHARD I, Fig. 19 IR THEEOX 7T MO
W 24T > 7. Tabled 2, TNHDHX T ET
VDR TRE U M I AR & T X — 2 KT
ExmT.

Fig. 20 12, {lm i HBRE L2 H A7 YT icel
O BLZ TR WF 7TV BEHEL L, ¥

— 115 —



BRIEEHEE 78 B 3~4 &

Table 4 Tank model parameter differences (refer to Fig. 19) for comparison in section 4-5

Type of the tank model 11 12 13 14 15
Number of tanks 3 3 3 3 3
Evaporation from the first tank Constant Constant Constant Constant Constant
Soil water structure of the first tank O O O O O
The first tank 2 New bucket 2 2 New bucket
Number of
The second tank 1 1 New bucket 1 New bucket
flank outflow
The third tank 1 1 1 New bucket New bucket
Number of parameter 17 14 16 16 12
* (New bucket) refers to the new bucket model (Kondo, 1993).
a2l |p aslg  |p asle P
) /'?12-" )
| BL: | B4 R | B4
a New bucket New bucket
! 0% Oh
15 158 ) 15 )
Roy— Roy— — Roy— —
”012 ”0[2 Olg” New bucket ”al2 ag” New bucket
LB LB Ls: ) )
Rsyr— Rsiy—
”Ola ”Ola o5 013” New bucket CY3|| New bucket

Fig. 19 Shapes of tank models for comparison in section 4-5
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Fig. 20 Ratio of the objective function based on tank
model 11 (1)
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Table 5 Tank model parameter differences (refer to Fig. 21) for comparison in section 4-6

Type of the tank model 11 16 17 18 19
Number of tanks 3 3 3 3 3
The first tank Constant Constant Constant Constant Constant
Evaporation The second tank Constant Constant Constant Constant
The third tank Constant Constant Constant
The first tank O O O O
Soil water
The second tank O O O O
structure
The third tank O O O
The first tank 2 2 2 2 2
Number of
The second tank 1 1 1 2 2
flank outflow
The third tank 1 1 1 1 2
Number of parameter 17 19 21 23 25
R ael e . ant e . as) |p 1 aol P e
= = — — =
i i — — — — —
| M e
) | T — —
— — — — —
| i I i I ] I 1
] 1 1 [ —
— — B B

Fig. 21

Shapes of the tank model for comparison in section 4-6

* Tank model 18 is the most suitable shape for rainfall correction of volumetric strainmeter data.
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Type of the tank model

Fig. 22 Ratio of the objective function based on tank
model 11 (2)
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(1)Tokai Region

100+
(%)
90+
80+
704
60—
a0+

40+

30+

(&) (B) (C)

Type of the rainfall correction

(2) South Kanto Region
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Fig. 23 Ratio of the objective function based on (A) no rainfall correction
(A) Correction for tide and barometric pressure only (no rainfall correction)
(B) Old rainfall correction (Only (1) Tokai Region)
(C) Rainfall correction by tank model 18
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Fig. 24 Data plot of all volumetric strainmeters and

precipitation in Shizuoka (2)

(June 1-June 30, 2008)

* Volumetric strainmeter data is corrected for the
tide and barometric pressure, while rainfall is
corrected by tank model 18.

* The station code is shown on the left side of the
volumetric strainmeter data.
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Fig. 25 The most suitable shape of tank model (tank
model 18) to correct rainfall of strainmeter data

Table 6 Tank model 18 parameter (refer to Fig. 25)

Parameter Contents (Unit)

Ay, Ay, Az The correction factor (strain/mm)

Eq, E,, E; Evaporation (mm/hour)

oy, @y @3 Coefficient of downward outflow
(%/hour)

Ly, Ly, Ly Soil water structure (mm)

B, B2, Coefficient of flank outflow

B2, B2, B3 (%/hour)

Ry, Ry, Height of flank outflow (mm)

Ra1, Raa, R3

MOF—2ThoHR, 2 >ORERERD L, #
JETN 18 IZX DBAMIEIC L - CTEOBIHAIC
BWTHEIMAIREKRDOEEN D DREME SN T
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72 L TH HBBAEOMIZ/NEL 20w, M
BE B itk C b MK AT IR 72 LISl CRBLHIA TS T
28%, FFIC (24) EELHETIE 69% b BB O M@
WNEL RBRE, B 7ET V18I L B BKRIE
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R D@EmWEBEN RN T O,
A3FITBNTH 7 OB E 2BEMG 3 EICL
TR RMBEEICE D272 (6) MR RICIBWNT, 3
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787 X — & % Fig. 25 1ZH# L, Table 612/37 2
— X ORNKERT. £, INETICHBLTEL
ATV EROEENIS LN, Ll TH Y
7TV IBICHT 2B AU TICHT.

Hl(t+At):H1(t)+P_S1 _Qll _le _Vl
(22)

H,t+A)=H,t)+S,-5,-0, —0,, -V,
(23)

Hy(t+At)=H,()+ S, -8, -0, -V, (24)

2T PIEHMREMBEAE, H (), Hy (), H3()
T1BERE»L3EBETCOX Y 7DOKRMTHD. &
=V, Va, ViIZHAIRERIZERE R, S, S, S IE T
i, O, O Oa, O, O iXMIEFEH&E (1
BEHE 2BHOZ 721X 2 >OflEiH fLE %
E) T, ENEFRUTOLIITERDLES.

V1:E1 (HI(I)ZEI)
(25)

=H,() (H/©0O<E)
V,=E, (Hz(t)gEz) (26)

=H,(n (H,)<E,)

Vi =E; (H3(t)§E3)
(27)
=H,(1) (Hz(t)<E3)
S, =a,AM(H,(t)-L,) (H,()=L,)
(28)
=0 (Hl (t)<L1)
S, =a,A(H,(t)-L,) (H,(t)=L,)
(29)
=0 (Hz(t)<L2)
S, =a,M(H, ()~ L,) (H,(t)=L,)
(30)
=0 (H3(t)<L3)
O, = ﬂnAt(Hl (t)_Rll) (Hl(t) = Rn)
=0 (H1(t)<R11) b
O, =ﬂ12At(H1 (t)_Rl2) (H1 (0) = Rl2) 1
=0 (H1(t)<R12) 2
0, = ﬂmAt(Hz(t)_Rzl) (Hz(t) = RZl)(33)
=0 (Hz(t)<R21)
0x, = BnbU(H, ()= Ry) (H,(DZRn)
=0 (Hz(t)<R22)
Q3 = :B3At(H3(t)_R3) (H3(t) = R3)(35)

=0 (H3(t)<R3)

ZIZTE, B, E3IF 1 EEENG 3 BHETOHL
WEIZAR TS FRE R, o, o, aslX FHWMEHRE, L,
Ly, LylE LIRS HEE, Ry, Ria, Ry, Ry, Ry I3
HEHLOE S, B, B Bas B, B3IEAIE
MR TH S .

LT, #BREHT—4% D (1) \ZHBAKMIEZIT-
TD'(0) 72T, UTOoLSIc£bES.

D'(t) = D(t) + 23: AH (1) (36)

SIC, AT TBEEO XY T KN H ()% MR
BT — 2 MBS A MERETHY, ¥ s OBKK
I3 Fig. 25 TRTLIIC3IETHD.
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Fig. 26 (1) Long-term data plot of volumetric strainmeters (station codes 1-6) (Jul. 1, 2000-Dec. 31, 2009)
(A) Correction for tide and barometric pressure only (no rainfall correction)

(B) Old rainfall correction
(C) Rainfall correction by tank model 18
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Fig. 26 (2) Long-term data plot of volumetric strainmeters (station codes 7—14) (Jul. 1, 2000-Dec. 31, 2009)
(A) Correction for tide and barometric pressure only (no rainfall correction)

(B) Old rainfall correction
(C) Rainfall correction by tank model 18
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Fig. 26 (3) Long-term data plot of volumetric strainmeters (station codes 17-25) (Jul. 1, 2000-Dec. 31, 2009)
(A) Correction for tide and barometric pressure only (no rainfall correction)

(B) Old rainfall correction
(C) Rainfall correction by tank model 18
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(26) Table 7 Tank model 18 initial water level data
(A) Ile_e strain Station The first The second The third
code | tank (mm) tank (mm) tank (mm)
© L\//// 1 0.0 9.4 44.5
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 3 19.3 0.0 98.0
27
@n 4 0.0 18.1 13.6
I1e*7 strain
5 0.0 41.5 37.5
@) 6 0.0 78.2 2.0
7 0.0 0.6 0.0
o 8 0.0 0.0 82.1
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 9 236 6.0 598
(28) 5e-6 strain
) 10 14.7 0.0 4.4
11 0.0 82.6 68.4
12 0.0 3.9 41.2
©
13 32.7 3.9 11.8
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
55) 14 0.0 67.0 0.0
i 15 87.9 7.3 116.2
) 1e—5 strain
16 0.9 0.0 169.4
17 4.3 21.7 146.2
(©) 18 7.0 66.0 193.5
—_—
\N S~ 19 0.0 85.3 95.8
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 20 43.6 L4 0.0
(30) Earthquake(Sep. 2004) 21 3.0 66.1 0.0
5e-7 strain 22 160.3 88.1 181.7
® 23 7.5 66.8 93.0
24 14.5 44.6 20.5
25 1.7 0.0 0.0
(C)
26 1.5 128.9 466.2
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 27 16.5 47.4 108.5
(31) 28 0.0 6.0 229.3
A 1e=5 strain 29 46.0 0.0 15.7
30 15.2 72.8 5.5
(C) 31 44.8 60.3 16.0
* The calculated water level data for December 31,
2009 23:00 is set as the initial water level data
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 (for December 31, 1999 23:00).

Fig. 26 (4) Long-term data plot of volumetric
strainmeters (station codes 26-31)
(Jul. 1, 2000-Dec. 31, 2009)
(A) Correction for tide and barometric pressure
only (no rainfall correction)
(C) Rainfall correction by tank model 18
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Table 8 (1) Tank model 18 parameter values (1)

Station | The correction factor (strain/mm) Pownward outflow Evaporation (mm/hour) Soil water

coefficient (%/hour) structure (mm)

code A, A As aq a, as E, E, E; L, L, L,
1 7.55e-10 | 5.23e-10 5.99e-10 | 353 | 1.76 | 0.078 | 0.0835 | 0.0165 | 0.0461 1 11 2
2 3.54E-10 | 7.62E-10 | 7.69E-10 | 7.82 | 43.5 | 0.105 | 0.034 | 0.024 0.0395 0 2 1
3 4.06E-10 | 1.43E-10 | -1.56E-09 | 3.2 | 0.762 | 0.106 | 0.12 | 0.0002 | 0.0355 69 0| 83
4 1.62E-09 | 1.17E-09 | 8.32E-10 | 8.35 1.3 | 0.211 | 0.024 | 0.0494 | 0.0188 0 29 4
5 6.80E-10 | 1.51E-09 | 8.89E-10| 3.9 | 0.836 | 0.186 | 0.121 | 0.0447 | 0.0257 41 52| 17
6 2.87E-09 | 1.29E-09 | -9.22E-09 | 52.6 | 0.082 | 2.57 | 0.0386 | 0.0463 | 0.0132 1 0 0
7 1.19E-09 | 9.03E-10 | 4.88E-10 | 26.5 | 4.67 | 0.184 | 0.0124 | 0.0167 | 0.0376 1 12 1
8 2.86E-09 | 1.26E-09 | 9.76E-10 | 82.8 | 13.3 | 0.103 | 0.153 | 0.0543 | 0.0332 2 0] 23
9 7.79E-10 | 8.79E-10 | 8.59E-10 | 21 3.1 | 0.105 | 0.0268 | 0.0103 | 0.0347 39 13 ] 15
10 9.38E-10 | -2.09E-09 | -2.11E-09 | 2.89 | 1.31 | 0.409 | 0.0293 | 0.0024 | 0.0137 36 0 8
11 1.93E-09 | 1.32E-09 | 2.82E-09 | 15.6 | 0.673 | 0.113 | 0.152 | 0.101 0.0346 2| 116 | 62
12 1.20E-09 | 3.67E-09 | 2.28E-09 | 3.82 | 6.64 | 0.472 | 0.0283 | 0.0043 | 0.0759 0 4| 56
13 6.64E-10 | 5.92E-10 1.50E-09 | 0.789 | 0.299 | 0.287 | 0.0645 | 0.0199 | 0.0177 52 5 7
14 9.96E-10 | 4.28E-10 1.11E-09 | 46.5 | 0.939 | 0.145 | 0.0783 | 0.0598 | 0.0603 91 101 | 22
15 6.90E-10 | 3.19E-09 1.98E-09 | 0.477 | 4.19 | 0.06 | 0.117 | 0.0027 | 0.0298 119 8 0
16 8.46E-10 | 1.30E-09 | 9.95E-10 | 32.5 | 11.8 | 0.021 | 0.0148 | 0.0746 | 0.0761 2 0] 20
17 9.88E-10 | -4.41E-10 | 4.86E-09 | 4.18 | 0.456 | 0.037 | 0.0363 | 0.04 0.0382 21 33 | 195
18 4.65E-10 | 2.86E-09 | -1.03E-08 | 0.745 | 0.17 | 0.033 | 0.0025 | 0.0526 | 0.0555 6 35 3
19 1.31E-09 | 2.31E-09 | 2.64E-09 | 16.4 | 21.1 | 0.047 | 0.0574 | 0.0638 0.016 1| 109 | o4
20 1.55E-09 | -3.43E-10 1.83E-09 | 2.28 | 2.45 | 1.66 | 0.0496 | 0.0398 | 0.0328 62 15 7
21 1.33E-09 | 2.08E-09 | 2.43E-09 | 8.74 | 25.5 | 2.77 | 0.0249 | 0.0777 | 0.0796 13 ] 101 | 33
22 1.30E-09 | 2.46E-09 | -4.58E-09 | 0.498 | 0.136 | 0.186 | 0.117 | 0.0119 | 0.0423 188 28 | 142
23 4.67E-10 | 1.63E-09 | -9.32E-10 | 1.79 | 0.09 | 17.7 | 0.0108 | 0.0513 | 0.0507 8 10 | 93
24 1.50E-09 | 1.18E-09 1.11E-09 | 11.8 | 1.02 | 18.1 | 0.0207 | 0.0777 | 0.0375 16 63 | 184
25 1.57E-09 | 8.99E-09 | 2.85E-09 | 33.4 | 12.9 | 1.36 | 0.0731 | 0.0022 | 0.0117 11 0 1
26 1.17E-09 | 1.97E-09 1.45E-09 | 4.03 | 69.1 | 0.02 | 0.0013 | 0.0931 | 0.0667 1| 140 | 195
27 2.58E-09 | 1.10E-09 | -2.79E-09 | 4.8 | 0.159 | 0.027 | 0.0153 | 0.0965 | 0.0983 17 91 93
28 3.23E-09 | 1.44E-09 | -5.01E-09 | 17.9 | 0.678 | 38.8 | 0.0015 | 0.0412 0.119 0 4 | 251
29 8.01E-10 | 6.80E-10 | 9.19E-10 | 9.55 | 4.49 | 2.86 | 0.065 | 0.0542 | 0.0216 58 12 | 22
30 6.84E-10 | 9.99E-10 | 8.53E-10| 5.13 | 26.1 | 0.136 | 0.0397 | 0.0484 | 0.0464 27 71| 22
31 3.52E-10 | 1.10E-10 1.41E-09 | 0.301 | 0.892 | 46.1 | 0.0596 | 0.0703 | 0.0392 19 55| 16

5 FBEARDOBEKEEORFHIZONT O, WAEME®RELHTZLFE LY. Zhb o
ZA—ZOEICE, BE L HEOFKGRE, P

50 FEROZVIDBERBDER AR, WHKEE TORS, NI XL 5%
H BT VR DEBOT G T — F ORERIKA B, NN O AR SRk A BRI X 28
IETHEE L7z Table 8 IZ/R /37 A — % DE AR MEENTVDEEZALNLLA, FHIF R B &
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Table 8 (2) Tank model 18 parameter values (2)

* The gray cells indicate there was no flank outflow (highly arbitrary parameter).

ELTEESGIGO TS Z LIFRETHS. HL, &%
B s s OMEMRBOMER NS, FBHSICET
LEAISE DR E RHS Z &R TE DT,
HIZBWTHITT 2. 2k, BBRMIEO —EO/

ZD

Flank outflow

Station

code Height (mm) Coefficient (%/hour)

R22 B 11

1 92

2

3

4 4 18 55 74 122 3.08 5.32 2.96 17.9 44.6
5 216 | 228 122 170 120 1.8 15.1 2.13 3.53 0.417
6 2 3 369 408 9| 711 66.3 422 47.1 42.9
7 4 13 26 47 179 | 322 21.9 6.67 31.8 83.8
8 2 2 34 67 395|875 86.3 20.2 48.4 3.67
9 41 48 25 48 265 | 183 22.4 2.26 22 5.88
10 17] 144 13 18 31| 201 0.333 12.1 46.7 72.6
1 156

12 8

13 65

14 0

15 135

16 3 409 | 673 18.4 79.1
17 14 197 339 10.4 14.6 10.8
18 202 376 6.24 6.37
19 2 236 253 S 71.1 33.6 81.9
20 210 5.02 439
21 19 34 18.2 12.3 18.7
2 432 | 438 24.2
23 17 90 10.4 11.3 15.1
24 23 30 2.75 2.44

26 st 117 28 26.4

27 29 47 72.9 39.3 41
29 68| 108 T 119 20.2 24.5 ) D)
30 31 66 13| 9.85 22.6 27.1 23.4

55 335 34.2 27.1 33 26.4

ZOETIE

L FERE, RIS OB OHREZ KT 5.
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Fig. 27 Ratio of the correction factor for each tank

based on the first tank

(A) The ratio of the correction factor for the
second or third tank based on the first tank is
more than 120% (Type A).

(B) Other (Type B)

(C) The ratio of the correction factor for the
second or third tank based on the first tank is
negative (Type C).
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H E 3 2E-7 strain E
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Fig. 28 (1) Data plot of volumetric strainmeter and

precipitation at Type A (June 28-July 2, 2008)

(A) Volumetric strainmeter data is corrected for
the tide and barometric pressure, but not for
rainfall (no rainfall correction).

(T) Theoretical volumetric strain data by tank
model 18

(D) Precipitation data

* The station code (refer to Table 1) is shown on

the upper left side.

F(AE, (12) & LM <L, EBEZ )28 T
BY, (2) #WEEWE, (13) FE/ATH, (15) HG
TRBA, (16) B4 T2H T &N Lo & 72
S>TW5. Fig.28 (1) I, A Z A FOBRA A IZEIT
LHREARMIER LOKBOT T —%, ¥ 7 %7
MR D BGREKIGE, BKET—X %277, I
LOBEED S B, (5) BHEINE, (12) & LHESs
W, (15) WPEEEARTIE, BAMMP 70 il
WK 1% & KB FE 7o i - AL 3kt 3 2 R B v
(11) #REEE T, BKBIC—HHEZ» MO0

— 127 —



BRIEEHEE 78 B 3~4 &

(D)

06/78 06/29 Py o0t o7
Fig. 28 (2) Data plot of volumetric strainmeter and
precipitation at Type B (June 28—July 2, 2008)
(B) Volumetric strainmeter data is corrected for
the tide and barometric pressure, but not for
rainfall (no rainfall correction).
(T) Theoretical volumetric strain data by tank
model 18
(D) Precipitation data
* The station code (refer to Table 1) is shown on
the upper left side.
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Fig. 28 (3) Data plot of volumetric strainmeter and
Eg? ' precipitation at Type C (June 28—July 2, 2008)

3 5 2E-7 strain | (C) Volumetric strainmeter data is corrected for
(’Q‘J—-—\% L 0 o the tide and barometric pressure, but not for
m rainfall (no rainfall correction).

(D) 1 : (T) Theoretical volumetric strain data by tank
= , ' ' |4E-8 strain model 18
(2) ‘ : ;|50 mvhour (D) Precipitation data

* The station code (refer to Table 1) is shown on
the upper left side.
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Fig. 29 (1) Data plot of volumetric strainmeter and calculated water level by tank model 18 (station codes 1-8)

(Jan. 1, 2008-Dec. 31, 2008)

(A) Volumetric strainmeter data is corrected for the tide and barometric pressure, but not for rainfall

(no rainfall correction).

(T) Theoretical volumetric strain data by tank model 18

(H1), (H2), (H3) Calculated water level data for each tank by tank model 18

Bl E F B OO EI KT 5 A S 5 . (3)
VR = o FIRA WISV R, (10) R 1L 1
B30 0 AR IER T, D AR Y B £ ) I
B m BT — B TR (BRI HL) g
AT BRI Z R ZRRE STV D. Bk

T LM OEFETIE, BABIZKERHFOD
PACICRIRT 5 & 5 BB FEAE L TV D D he
HAEILR. £, (6) WIETR AR TIE, MIEMRK
OFZHRKEELTNWE3EADOY 7 OKRMITIFE
AEOTHY, ZOMo 2 >OBREOEHBTH D

— 129 —



BREEIR R 78 0 3~4 &

(9) {17 strain (13} 135;7 strain |
MLW W -
(1) (T)
100mm 100mm

(H1) I (H1) I
(H2) honednan o Mase Akan o B hoaroh o H2) e eeeeme
H3) H3) L e

1 2 3 4 5 ] 7 g 9 10 1 12 1 2 3 4 o] 6 7 g 9 10 11 12
{10) IWeJ strain (14} Ize—7 Strain
(&) EﬁLW

I100mm (HWJ i B b PR W ALl LL ol s Iwoomm
(H1) | “ AkL ) )
(H2)
(H2) R R I
(12) —_— (a) ol ol |
1 2 3 4 5 ] 7 g 9 10 11 12 1 ? 3 4 5] G 7 2 9 10 11 12
{11) Iae—7 Strain (15) I 1e—7 strain
A) W
(1) (T
T 100rm [100mm
(H1) NN T T IV T PR
(H1)
H2
(H2) (H2) o
(H3) [H3)
1 2 3 4 5 ] 7 g 9 10 11 12 1 7 3 4 5 G 7 2 9 10 11 12

(12) P Svee—
BT ]
M%M

I100mm (H1) Lwoomm
GIVIURN WO VORI TROY Y VPO L (2) T N
(H2) N N N N
(H3)
(H3)
1 2 3 4 5 ] 7 g 9 10 1 12 1 2 3 4 ] 6 7 g 9 10 11 12

Fig. 29 (2) Data plot of volumetric strainmeter and calculated water level by tank model 18 (station codes 9-16)

(Jan. 1, 2008-Dec. 31, 2008)

(A) Volumetric strainmeter data is corrected for the tide and barometric pressure, but not for rainfall
(no rainfall correction).

(T) Theoretical volumetric strain data by tank model 18

(H1), (H2), (H3) Calculated water level data for each tank by tank model 18
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52 BXKIZEHZRAMGEHEL

ARl O MK IE D ek o B H9IE, B HLE O R
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VI ET IR D EREKINE, #2 2 T OKMAD
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TRTIETHY, BANEIZCLIEBETHDILEEZ
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RSN TEY, BRI A I D EAL TR,
Fek#%ICZ DA D2 b % ka5 K& o2l
R BB TH S, Fig 3012, HHE I O BLH A

1 ¢ 8 4 &6 6 37 & 9 10 11 1z
Fig. 30 Data plot of observed water levels
(Jan. 1, 2008-Dec. 31, 2008)
* The station code is shown on the left side
of the graph.
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EREAT L. Zhix, FICE o TEMEm AR
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1E-6 strain

01 07 01 07 01 07
1858 1989 2000

Fig. 31 Data plot of volumetric strainmeter data at
station code 12 (Jul. 1, 1998-Dec. 31, 2000)
(A) Correction for tide and barometric pressure
only (no rainfall correction)
(C) Rainfall correction by tank model 18
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BB EE L2 A2 T OSFEIZ OV TIX, Fig.
32D & DI, 24 BEMBERAKE L 72 KRR KK
BOBEGECICRET D. 24 FEBEREKREN
50mm LA LI A TOKRMI, 72 FFHFEEEKE
2% 50mm BA R727% 24 RERIATR BEK B 1L S0mm A
Lo HiME TOKRWO®Z] oL, T,
DRI OV TS 10mm, 0.5mm Z B & L CTREEIC
ST D, mEIT, 72 RERIEBEKEA Omm O H
Mz TORKZRL)] LT L. 2k, 24 REHEIH
Mok Sy 72 WA EKE L B2 Z 2137200
T, Fig. 32 DR TR4GEITAEC 2. AR
X, 4 LR L < 2000 4225 2009 0 10 FH &+
5.

EEBIC W= Z v 7T QDT A — X D %,
Table 9 IZR 9. ZORGTO HHERERHLTH AWV
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72 hours | (
multiplication 1
precipitation
(rmm) 2
50) 5
4
3]
B
7
o]
9
05 10
005 10 50 (rm) 1
24 hours multiplication precipitation 12
Fig. 32 Classification of lost time of rainfall 12
(1) Period of no rainfall 14
(2) Period after little rainfall
(3) Period of little rainfall 15
(4) Period after rainfall 16

(5) Period of rainfall
(6) Period after hard rainfall

(7) Period of hard rainfall (
1
Table 9 Values of the parameter of the tank model by 2
Ishihara and Kobatake (1979) 3 [ ]
(refer to Fig. 10 (q)) il [ ]
I I R
a, 12 5 [ ]
I S
Downward outflow coefficient (%/hour) | «, 5 8 [ ]
I R
s 1 7 [ ]
I
Ry 15 8 [
eight (mm
& R, 15 10 [ ]
—
R 15 M
Flank outflow : 19 e
Bn 10 I
B 12 15 13 —-—
Coefficient (%/hour) 14
B2 5
B, 1 15
16
BRTWDH Y TETNVQDNT A—HDEERT
OBRETHWEES, BARBRLEZA I LY Fig. 33 Ratio of lost time of rainfall
. . I (Q) Tank model by Ishihara and Kobatake (1979)
S’Z Z 7N Hi :
D% Fig. 33 (Q) a3, (HFAEICALE LT (18) Tank model 18
D720 bEKENRZ N (5) BHIIET TOKRN] * The classification is in reference to Fig. 32.
L TORNO®R] BT HB@RENZ N E, v * The station code is shown on the left side of the
bar graph.

TR AKET — X DEBHSA TR DDV D EIT
HHLDOD, HWNW=Z 7T ADONRT XA —HDfE
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(H1) PR DU T | Lt wlal Wl Mol wiow a
(H2) PN SO N NN Abae, | ok Moo oot ahon A b na

1 2 3 4 5 8§ 1 &8 9 10 11 12
Fig. 34 Data plot of calculated water level of tank
model by Ishihara and Kobatake (1979) at station
code 5
(Jan. 1, 2008-Dec. 31, 2008)
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HPEEEARETF OGNS, WTHhOBHAL, TO
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W2 UG, (9) BEfEARZE TN, ZnbH 0
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LTWD., IR - & (1993) & FE7, BEAKICK
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BY,FIELTI1983 4 8 HOERZEROYM TOH
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—J, ARTHRRELEZ L 7ETFTATIE, HHE
o RHEK I, KT, FFMENOZR LW
STEMEEBEAT LR, 3 BEOX 7 OMIELR
ﬁ% SX DT LK oT, BAKISEDIEMIEIED TR
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R1EBDOARTYET IV GITHAT, FEREM 2K
WWEEHDLBREEANTETCND AR TT /LD F N,
FEAKZIZDONWTH RWBEKMIEL 2D IET THD.
A - @iE (1993) 12k b &, R (37) IXBEKER
WWRESEL, SHICHDLRERLUBEIZIEP-L DY

RS DT AKMICH T DEARDISEEZRDED.

AR ET ML DBEAKMIEIZ LT, BEAKZICERM

IR BN E L SERVWZ &b+ FEBAETHY,

A - EfE (1993) OFRE TH KBKBICHEMA 22
ERAE T TWARWY. AR EFVIE, AR TIRZELE
B BT VICHRTHRAKLEDIFBEEEZR LD
BWEWIRIEIZH D HDOD, FHRIXINETOR
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10 mm/hour

o) | ‘ H\“ |

Fig. 35 Data plot of volumetric strainmeter and

precipitation at station code 5 (4)

(May 15—-June 15, 2007)

(A) Volumetric strainmeter data is corrected for
the tide and barometric pressure, but not for
rainfall (no rainfall correction).

(D) Precipitation data

* (D and @ are the ideal correction data when

the quantity of correction is 0 before rainfall.
However, @ cannot result from @.
Therefore, @ is the ideal correction data.
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Table 10  Old noise level values

Noise level of no rainfall correction Noise level of the old rainfall correction
Station K ¢ (strain/24hour) (strain/24hour)
code (h:ur) (n:m) Period of no Period of rainfall Period of no Period of rainfall
b 2 rainfall (V,) +(P)) — (M) rainfall (V,) +(Py) — (M)
1 39 5 +2.7¢-8 +2.5¢-8 —5.5¢e-8 *1.1E-8 +8.3E-9 —1.6E-8
2 45 1 +2.5E-8 +3.0E-8 —5.0E-8 +2.2E-8 +1.9E-8 —2.6E-8
3 48 5 +3.1E-8 +3.2E-8 —4.3E-8 +3.4E-8 +3.4E-8 —2.9E-8
4 42 1 +2.4E-8 +9.0E-8 —1.3E-7 +2.0E-8 +3.4E-8 —4.4E-8
5 42 1 +3.0E-8 +3.0E-8 —2.0E-7 *+3.1E-8 +1.6E-8 —7.4E-8
6 48 3 +2.0E-8 +1.6E-8 —8.0E-8 +1.8E-8 +1.1E-8 —3.5E-8
7 45 1 +1.5E-8 +5.7E-8 —7.7E-8 *+1.3E-8 +2.3E-8 —2.6E-8
8 36 3 +4.3E-8 +4.3E-8 —9.0E-8 +2.6E-8 +2.1E-8 —4.6E-8
9 42 1 +9.0E-9 +2.0E-8 —7.4E-8 *+2.1E-8 +1.3E-8 —2.4E-8
10 48 5 +2.0E-8 +6.0E-8 —7.0E-8 +1.5E-8 +2.1E-8 —3.3E-8
11 48 0.5 +2.3E-8 +5.0E-8 —2.1E-7 +5.0E-8 +4.8E-8 —1.4E-7
12 42 1 +5.0E-8 +5.0E-8 —1.8E-7 +5.8E-8 +6.8E-8 —1.2E-7
13 48 5 +2.6E-8 +2.7E-8 —7.0E-8 T 1.9E-8 +1.9E-8 —2.5E-8
14 33 1 +4.8E-8 +4.5E-8 —1.0E-7 T4.3E-8 +4.1E-8 —4.6E-8
15 42 1 +2.4E-8 +2.4E-8 —1.2E-7 +2.2E-8 +1.2E-8 —1.1E-7
16 45 5 +3.0E-8 +4.0E-8 —1.1E-7 +2.6E-8 +2.3E-8 —3.1E-8
17 48 1 +3.0E-8 +6.0E-8 | —1.0E-7
19 48 1 +4.9E-8 +6.0E-8 —1.8E-7
*1 K is the threshold for rainfall period judgment.
*2 C is the time of precipitation accumulation.
T, BEZl 0 ORKET — % R, & RBAKREERR K 72 DF B, BEAKMIER LOT — 2R TIHEAK M

TR L2 BeKED, BKHERE C2Bx T 5
A IR BRI & HET S

Table 10 {2, Z#LFE TRET THEAICH W TV
FHHIL O EREOTHEHT -2 D55, 24 ReffpE 2%
BT 2 /A AL LRREARHEICE T 237 A —
Z OfE %R . KRR R & R ACHE Bl D
T, TNETORKMIET —& bBEKMEZRLOD
F—& LB OE A VT2, Table 10 DR C#
RO ) A RSV OEE T D &, RIENIZC
NETOBRKMET—X¥DHFDN, BAHERLOT
—BIZHART A AL DIEDOER /NS, Z 0
X oz, miE (1995) 1T & B2HKAIE & BRI
BALLEZEILE ST, HEBHEOHIIKT Y O
MAEE L L2 R’y nD. BL, (9) EEEIER
R —EOBRATIE, ZNETCOBRKMET —#

D) ARV OEOIERRKE . 2 E TOREK
FIEIZ & o THEKBICE U DM EIC L D%
BLEENDID ANV, FHUBRATH- T
b ARV DOEDOTE ZAT - T B A R 55
BHLEEINDT-D, B TERWZ LICEE
DHETHD. Ik, 7 B 8 HETIX, Table 10
DX IR 5 b KIIERO DI HE R
(17) BiF#ERREL O (19) KEBGEMICONT
LEEHT 20, I E TORRKEIEOMICFEH K
WDIE AR ET VIR D BAKMIER T T
STl Ths.
ARV DEFRE PV TLIZRE LT,
Fig. 36 12 (5) BHJIBIZBT 2 EBOT HEHT —
X024 KM, /A AL~V OfE, BAKET —#
O 42 BRI R R K & 2R3, 7o B[R U HIR o (R %
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[6e—8 strain/24hour |

A IAF — A

—

160 mm

11 0 mm/hour

(D)

5/21 6/1 6/11
Fig. 36  Data plot of the difference over 24 hours in
the volumetric strainmeter data and precipitation

at station code 5 (May 15—June 15, 2007)

(A) Volumetric strainmeter data is corrected for
the tide and barometric pressure, but not for
rainfall (no rainfall correction).

(B) Volumetric strainmeter data with old rainfall
correction

(C) 42 hours of cumulative precipitation data

(D) Precipitation data

* The red line indicates the old noise level during

the period of no rainfall, while the blue line
indicates the old noise level during the period
of rainfall.

* The gray area shows that data does not exceed

the noise level.

* Whether the period is of no rainfall or during

rainfall is judged by the 42-hour cumulative

precipitation (more than 1 mm).

OFTHFHOT—HIL, Fig. 4 (1) IR L TS, =
DB, BAMER LICERT DL, FEBRKYIMT
X 24 RpfABEZER A N LY REFE &2 503, Bk

(strain/24hour) (A)
1e—7 | |

o lghaEs:

—1e—7 CRiL o {2t g

@

—2e—1

—3e—7

—4e—7

—He—7
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(strain/24hour) (B)
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—1e—7
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Fig. 37 Relationship between the 42 hours of
cumulative precipitation data and the difference
over 24 hours of the volumetric strainmeter data
at station code 5 (1) (Jan. 1, 2000—Dec. 31, 2009)
(A) Volumetric strainmeter data is corrected for
the tide and barometric pressure, but not for
rainfall (no rainfall correction).
(B) Volumetric strainmeter data with old rainfall
correction
(C) Volumetric strainmeter data with rainfall
correction by tank model 18
* The red line indicates the old noise level during
the period of no rainfall, while the blue line
indicates the old noise level during the period
of rainfall.
* The old noise level of D is too large.
* (2 certainly exceeds the old noise level.

BHC 72D & 24 BRI EIX Flo e . Zhid, B
KIZE > THRBEOT BT — 2 B3 DB E 25T
BT, ) A AL -ULOE S 42 Wy RS MK &I
U CIERARMIM O/ S g (Fig. 36 OIRBRE) b,
[ 7k I8 D K & 728 (Fig. 36 D FHR) T v b 5.
Fig. 36 CRTHIMIZIZ /) A ALV OfEEB 2 DL
Bix7 . 72, 2R E TORKMIEICERT 5 &
Fe KM D 7 A XL~ OEITREARMIEZR LICH~R
T/NE720E (Fig. 36 DHAR) THHLOD, BEK#E
AT BB RERICL ST/ A XLV DOfE%
ffEIPEBZTLESTND.

J ARV DEREBIOREIN S0 T <

— 138 —



B 7T M EDEBEOT HET — & ORKFEIZ SN T

LK & LT, Fig. 3712 (5) BEJIMRICEIT 5 42
BRI ALK RIS T 5 24 BRRIMEZE O 4546 X & R
T Z OBRUTFBEAK ORI X D 24 BB ZE D RN T 5
THAEZTRT LT, MOEMIIMAKRL, KMof
M2 NIE R Z EERABKERLZ VRN THD Z
EERT. FRICBEAKAIE LTI, KMIZZ2E
HITE 24 REIBEEBADOFIIZKE L ANT DA
MNBEE TH 5. 7B, Fig.37 (A) KO (B) D%
AKMERL & ZHE TORKMIEIZIL, Table 10 @
ARV OES FHREORBRTRT. (5) EH
JIAR i, 42 RfBEERBKENS DT Imm ITEL
TEBECHEARMIMEESH, /A X LLOED
FERE KW OWE (Fig. 37 OARAR) 205, KA O
K& 7¢hg (Fig. 37 0 FM) 2o FHELS. Zo»
B, BABIMIZOW TITHEMBRAED ) 4 X L)L

DEF2OOMBEENH DL EN—HWARTHD.

1 DHORMBESIX, L2 OROBEITIE ) A XX
NOERERIRIEERERELRSoTNDLHZETH
% (Fig.37 ®@). 2 > B OREAIL, HHBREDK
HOBEICLTLEE>TVWIEEAD ) 4 XL ~UL
DExEB2HZ ETHD (Fig. 37 P@). ZhET
OHEIBRED ) 4 AL_ALDEFRICESTIE, B
K TH-> THIEAZNENFELMIC 1 FIREE
DRESOETHNTHRAMT NEFLH L LTHR
ENDHED, BABBO ) 4 XLV DEIEZE O
EHRICBIT 2 2BHORNOBEERKEIZEL 5T
WRED. DFV, BAMIHKO 4 XLV OHEEE
TV IIRPIE, BICTHEHHEICK TS 2FEBO
RWNOBHEEKELZ LR 722 L 2B W T 5720 T
o T, HBREBHGOBEIITEIL > THRL.
FER, (5) BHEJIR TIE 42 BRI E KA 160mm
Eiz7zde, WTAD/AXL_NVOEEZBZT
LE9. £72, ZNE TORBKAMIETS Fig. 37 (B)
TART LI, KRIZRNIEZR 213 & 24 BERIPEE N
BADF MK E L AT O EM T B IEZ LICk
NTHEINLTIHEVWDI DD, ZHE-TVNS, &
H1Z, Fig. 37 (C) TxRT LI, Aoz 7%
T L DBEARMIETH, RRIZR2IE 2513 L 24
RIS ZE N IER W F I K ELS AT O EHAMR R BN
L. BAMEZNWS GHEL TS 26 ORMBEE i
WTsZ 3T, BAEIRO /A ALV E
FORBELIIXLEATHS.

Table 11 (T) True events in crustal deformation

Station code (T) True event

1,2 Short-term SSE at Mie or Aichi
Seismic Activity off East Coast of
15,16 Izu-peninsula
17 Seismic Activity at Mt. Hakone
19 Seismic Activity at [zu-Oshima

* These events should be detected.

72 CHhETOERBARD/ AXLANILOESR
DEHRIRIL

A& TIZBABIM D /) A AL_LDEHDRE L
MBETHDZ EERBERHLEN, Bk
WRET»EEZ D021, /A4 XLV DER
DEHRIEDLETH D, P -t (2001) 1 HHE
HMEORNKT R OBEREF BN THEREE
HIES DB A2 B2 72 Fp 2, BRI L]y F
Ll BL, ZOHEEREELHET HBIMEIT,
JA RSNV OEEFEREL LTWDEHO0, WFEE
B5ETHD. £, /- aFHE (1999) @/ A
LNV DERBEDLDIZHONT, TNETHEER
FRERMAT T Z i, bk - gk (1999) O
L, TNETIThbNTELHBEBR T — X DX
JET VTR DBEKRMIEDOTRE & Rk, BUED LS
BREENHERERE CITDNIZ L DO TIE RN T,
ZTOURLEBERILAND L, BRIBYOEHIZE-
THERENEEICESTWVWD., ZOETIE, Zh
ETCOHEMBIAD ) A XL~V DEFROFERRGE
BT LT 5.

FHEMIEO FiEE LTI, AT &34 L LT
24 HERIEZED ) A4 XL~V OfE & 8 2 72356 o [
RN EZBPEZ SR BRIV TE,
(T) EoMizE®Hig, (T) BAZL, (R) BK,
(0) Zotho 4 SoO5EE L. D055, (T)
HOHBRESHBR L L, A —RY v 7 (X
YV ERHFEESRF MO MBIEE R S X8 T,
HAKH) 72 4] % Table 11 12779, 28, THLETO
JA XLV DOERICBNT, (T) BEOHREEHR
GUIBRAT REXIZFLE LT/ A ALV OEEB A
L2 ERFICHRET D, £, (P) BAELELLE X
HFRMA TR ABDE(T, BENRENE
Table 12 (IZRF. ¥, TNET/ A XLLDE
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Table 12 (P) Peculiar changes in each volumetric strainmeter

Station code | Subject of the noise level Peculiar change

2 Exclusion (3%1) Irregular extension at period of rainfall
Exclusion (3%1) Pumping of the neighborhood

: Exclusion (3%1) Step or mitigative change

7 Exclusion (1) Step or mitigative change

8 Inclusion (3%2) Extension every 6 days

10 Exclusion (1) Extension of about May

. Exclusion (1) Extension of about May or June.

Compression of about Summer or Autumn.

Inclusion (3%2) Pumping of the neighborhood

4 Exclusion (3%1) Step
Inclusion (3%2) Pumping of the neighborhood

o Exclusion (3%1) Step

*] Rare peculiar changes should be detected.

*2 Frequent peculiar changes are assumed to be normal noise.

F#TI, HERDLROVEAELIERm T RENSHRL
LT/ ARVRLVOEEBADZ L ERINCHRT
DN, BB LEALEMITEE O/ A X &R,
DT EITEoT, MIEICETLNR T/ A XL
NOBEOEERES LBERNWESICTLHLE LI,
BEBFIZES>T /AR V_RLDMEEBZ 5B
BERWE ST LTS, BHENDZRWEAELE
B H 5 [EHZELDO RN DV T S Table 13 1757
LTWA. ZNETO/AALULDEFRIZBWVT,
(R) Bk (0) ZoMiT@EED /4 XL Red.
A B LB KM IE O A & R C 2000 422> 5 2009
£0 10 EFTH D, HL, 1990 ERICHBHREH %
fTole (3) WA=, BEWT (7) BZJFEIEFHIZON
TIX, 2000 FRYIED / A ABIEGIZKE WD,
FEM 2 BEMBER L WD, £, oA
Hiov, MRS (FEHOEHELED), KEOT
BRLONNVT A =T RSP, RIS o
A Ay 7Rk, MBEZRORMARRDEHICTON
T, HAEHE»SRA LTS, &bi, (1) H
JEAR L CUILBLURLR O B THAK BT hi T % 5
ERIELTWSD (1A - fll, 2008) DD, HEIC
FOMERAET /A AL_LOEEBLZTLE S I-
B, AEHMOHSRAALTNDE. ol, /A4 XL
NOEEBZZBNEGE L CODSEHAICIE 1 20F
Ble LTz, BHPICT BZEWZESICEERLENR

BOEFE L TH2DIZEETS.

Table 13 ICHFZMALIToToERERT. ZDH
B, BAMERLOMKRICERT D L, HifFHERO
16 OB T 10 FHIC /A AL~V DE A8 2 7
FHOEFIY, SBR S TEE T 5 LK 500 BTH
ST INETOIARXLNVDOEREBEEZD &
16 OB KT 10 FHITHI 300 [E1X ) A A L~LdD
WEBZDZEDRFREINDN, THIZHERD L 2
< ZW»w. Z205L, FTFRMTE (T) ZO
MR AR BBLRIC OV T, RO 2B HATHE
FFLTH DT D 18 B TRIKDK 4%F2 BT il £ 72 7
Sfc. R R (1999) IR DA XLV DfE
DOIMERT DI YL, VG I O I 2 o —
2ZY T A N b UMK - i, 2006) RETEHERS
NTWRLST=DT, ZOMBITHDHBERCT 215
TWEEBZOND. E, PHEEEHEG O BTG
HZOWTIERFEOFEFELRAMTETNDZ LD,
Wik O E A n —2 Y v F A X P REOH
BEHBR L L CRBEI LT, O L (T)
HOMBEBHS Z RN TEERIIEZ N2 E
ZHND. WIT (R) BEARIZOWTIE, FIfFHIEO
EENETEFT 2350 B TREDOR TEE S
D, BENLoTEholo., TNETHO /A XLNLD
EREBEADL L, b LEBAHBIZ, A XL~ D
BEBLT-FHANETHEKICLDBDRLIE, 16D
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Table 13 Old noise level investigation results

No rainfall correction The old rainfall correction
Station Number of times over noise level Number of times over noise level
code Mean of noise | (T) P) (R) (0) Mean of noise (T) (P) (R) (0)
level (Nyg4n) | True | Peculiar | Rainfall | Other level (Nyg4n) | True | Peculiar | Rainfall Other
1 | (*2) D | (*2)

1 3.031e-8 0 (*3)0 4 0 1.129¢-8 4 (*3)0 13 2
2 3.120e-8 8 1 6 0 2.221e-8 15 1 23 0

3 (*4) 3.306¢-8 0 29 18 0 3.321e-8 0 26 2 0
4 6.000e-8 0 0 16 1 2.795¢e-8 0 0 15 1
5 6.664¢-8 0 0 17 0 3.704e-8 0 0 80 0
6 3.046¢-8 0 0 44 0 1.987¢-8 0 0 12 0

7 (*4) 3.771e-8 0 5 0 0 1.802¢-8 0 8 7 0
8 5.038e-8 0 1 36 0 2.836e-8 0 5 11 5
9 2.509¢-8 0 0 15 7 1.994¢-8 0 0 15 2
10 3.498¢-8 0 1 47 0 1.899¢-8 0 9 46 0
11 7.908¢-8 0 0 63 1 7.306¢-8 0 0 29 0
12 7.882¢-8 0 20 36 0 7.396¢-8 0 1 13 0
13 3.335¢-8 0 0 16 0 1.998¢-8 0 0 20 11
14 5.691e-8 0 18 5 0 4.318e-8 0 21 9 4
15 4.198e-8 7 0 26 0 3.758e-8 7 0 31 3
16 4.441e-8 3 30 5 0 2.632¢-8 3 153 25 0
17 5.858e-8 0 0 47 0
19 8.386¢-8 0 2 0

*1 (T) True events in crustal deformation are in reference to Table 11.

*2 (P) Peculiar changes are in reference to Table 12.

*3 The pump correction (Matsushima et al., 2008) residual error is excluded from the target.
*4 The investigation period is 2000 to 2009, but the period for station code 3 is 2001 to 2009, while the

period of station code 7 is 2004 to 2009.

B T10FEMICHI 200 [E11E /A X L~V DA %
B ELEHRL, 2RO 6T% U EEEDB L L
L., INETDO /A RAL_ULDERNSTNIEZ
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HEFNZNENIRERNL S, BAMMO 4 X
LUVDEZEORBELRAMBETHDLEEZD. KIC
(P) EAHEZED S LEHEIZHDLEAEIZONT
X, (14) MPrEAMS (16) BT LZEIZE N T
104FEH T 20~30 [BIFREE ) 4 XL~V DE% B 2 7=
HLLEBEHRO/ARXELT /AR OEE B AT
FHNETZOBEAEITHD R HIE, 10 FMIZ7

FEREEL ) A XLVSAOEEBZ DL EHETD.

INETOIARXLRLDEENLTNIE, %
HTEH L. £, (P) EAELD I BLEEND R
WEAERIZONTE, 3) BR=E, A% (12) B
A IS IV T 10 BT 20~30 [EIFRRE /) A X
LARLVOEEBR . HETIERWELT, /A4 X
VARV DOEEBA D Z L BRBICTFA L TV DB,
WED ) A RXE R LI R R WVIEEOBEE TIL2R
V. IS (0) ZoficonTix, b 9 [T
BIRDOK) 2% | E e o Tz,
COfRREREZ S L, BARBIMO 4 XLV
DEZROABELOLENSH D H OO, FERKMIMIC
OWTITEOHIB AR R 2 RN TLOICHE LR
WRERRIEERERE L. 0B, THETO
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Table 14 Redefinition of one observation station’s noise level

Old definition

New definition

Noise level values during the period of

no rainfall (V,)

One change is permitted

at the investigated period

99.9th percentile at the investigated period

The threshold of the rainfall period
judgment (C)

0.5~5mm

The value which minimizes Ny y

Time of multiplication precipitation (K)

33~48hour

The value which minimizes Nz v

Stage number of rainfall period (m)

5 (maximum)

Noise level values during the period of

One change is permitted

rainfall at the investigated period

A maximum and minimum value by only the

rainfall at the investigated period

True events of crustal deformation

These should be detected. (Exclusion from subject of the noise level)

Frequent peculiar changes

These are assumed a normal noise (Inclusion to subject of the noise level)

Rare peculiar changes

These should be detected. (Exclusion from subject of the noise level)

The Change by the earthquake or

trouble of the strainmeter

These should be detected. (Exclusion from subject of the noise level)

Me/K Ml IE O FE MGFEE Table 13 T8, #aREE
DOFEFRTH-T-. AL, (16) BUETZEOBHKIZ L
L EEEIZDONTIZI0FER TI50[E / A AL~ L
DEEBELZTEY, BEDO /A XL LTHRETIH
XY H@mnicEn. BELEZ /A RXLLOfEIC
MERD -T2 52D,

73 BHBBAAD/AXLRNILOEENREL

ZOFTIE, TRHETDO /A AL~ULDEFHRDORM
MBS ZBSE 2T, Table 14 ToR$ & 5 1 HAMBLH AL
DIARLRXVOERDOABELERET .

FJ, THE TRAKHERME A B X 25 A OREK
HARIE 1 BeBE L 7e oo 7228, MRk 311 4 B B 7k
BN U THEBOBREBICRK YT L 2 RETS.
Flo, TRETOIICEAEMbETD /) A XL
LT/ ARLRADEEBZDZEEHFRTHOT
37 <, TNETNOEEIZEIT BB EOR K -
B/MEIZT A2 EICE o T /AR L_LOEEIB X
LEEHRLRVIEBRET D, HL, K-
HMEETHRHRIIH ETHLHEKRKDOEBIZLDF
BlOHTH - T, BAKUNADEREEENLTVDHE
B, BEAKET —Z OBRNATAIL S ORBER AT

TW A REVED & 5 70 & O Fp FA) 72 B K S 13 BR <

Fig. 38 121%, (5) BMEJIMRICE T B 42 RERIFE R K
KRBT DH BTN L DKM IED 24 B
M EDO MR E, ZOBTRETD /A A L)L

(strain/24hour) (C)
D e
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~zemlg 100 200 300 (rmm) 400

Fig. 38 Relationship between the 42 hours of
cumulative precipitation data and the difference
over 24 hours of the volumetric strainmeter data
at station code 5 (2) (Jan. 1, 2000-Dec. 31, 2009)
* Volumetric strainmeter data is corrected for the
tide and barometric pressure, while rainfall is
corrected by tank model 18.

* The black horizontal line indicates the new
definition of noise level.

DEDA A=V HBBRTRT. X ITETAMICLD
BKMIET —# ThoTh, RWNIZRNIERDI1EE
EABFICKRELS AT O HmEEELXT, /A4 X
LUV O S FERBKBIZIE U CTEMBIICE 2 T
. ZoXxsicThiE, 7.1 @iTHERBLEZ A XL
AULDEFRICBIT L 2 o0MBEAEENTA IR T
5. O9FY, PxOROHETH /A ALLD
EABBIC KX RMEE 25T, ERRKEICRS TR
AR IR 72 2 E BN RY A XL~V OfHE
AL ENELS D, LEER-T, BAKIZES
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TRERBIT/R->TLEI LW MBER LI ZICAE
C%. L2aL, 71 BitHMLEZL I hETO
J ARV OEFRTIE, BAMMICENT /A4 X
VAL DER B Z T2 & ) BEDEO MR E S B4
DIRANCELSL > TWIRMP 2Tz, ZOEHRDORLE LIC
EoT, BAMMIZBNT /A XL~V DOEEIB L
oD FEN, HAEMMIC 1 ES 8o 7R R
TR THDZERGND. A XLV DOEERB A
LW HEENEERER AL OLOICRDLZ &0
5, AV POV AV v FOERENITEZ WV E
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WIT, FEBAKBID ) 4 ALV DFEFIZHONT
X, RIEICR LI KD ICRAFRFRMIEER TH -
s, AEXZ2THLMERZRWY. HL, /
A RV OEE B2 T2 FH 2 T Z D & RE
WCFEMAPNDE Z L, H 2ol o
99.9% % A NMEEWVWILLETERT LI L ERET
L. B, ERAMBICEBNT /A XLV fE%E
MADHBEX, TNETEIZEALEEDLR.
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Mz ThH, ZHET36HFM»D 48 ETO
M TRESINTE. BRKOEERNOETED
MIZDOWTIE, 5§ BCRLEIIICBAIAI LI
e Thsn., Zhoofix, B EoREME LT
KdDpZ LT 5. HBHEORKT <D OERIL,
W 7k 1 [0 FE B /K 1 ) 2 R b 2 IR IC b 72 » T
HMANRMETLHIEREE LY. T, £HM
DEY R ) A XL~ ofEx BIREEE L, 2o
A b /N & < 7 2 B 7KCHI E BIE & B KRG R[] &
7Yy Ry —F THRHET D, 2YMOVEHR ) A
ALV DE Nypan &, FEBEARBIB O 7 4 XL~1
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NN EEFEITRSEERTER LD, BFDO /A
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Table 15 Redefinition of the noise level of two observation stations

0Old definition

New definition

Noise level values during the

period of no rainfall (V,)

Same value of one observation station
(One change is permitted

at the investigated period)

99th percentile at the investigated period

Noise level values during the

period of rainfall

(One change is permitted

at the investigated period)

Same value of one observation station | Same value of one observation station

(A maximum and minimum value by only

the rainfall at the investigated period)

PICTFMBR 5. 20 L, #lziE 1 >OBH S
4 SOERKIND D XD REMH 0T HEELTO
2 REREILE LD L, 16 DMAGDLED /AKX
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Table 16 (1) Values of the new noise level for tank model 18 (1)

*1 K is the threshold for rainfall period judgment.
*2 C is the time of precipitation accumulation.

No rainfall period A maximum and minimum value by only the rainfall at
K C (strain/24hour) rainfall period (strain/24hour) (*5)
Station
(hour) | (mm) 99.9th 99th
code ) )
(*1) (*2) Percentile | Percentile | ~30mm ~50mm | ~100mm | ~200mm | 200mm~
(Nw) (*3) (*4) + /= +,/ — +/ = +/ =
+6.9¢-9 +1.1e-8 +1.0e-8 +1.2¢-8
1 31 36 +7.5e-9 +4.9e-9
-7.5¢-9 -8.7¢-9 -8.3e-9 -2.4e-10
+1.9¢-8 +2.1e-8 +4.1e-8 +1.6¢-8
2 44 32 +1.4e-8 +1.1e-8
-2.0e-8 -2.0e-8 -1.9¢-8 -1.5¢-9
3 +1.6e-8 +1.7¢-8 +1.4e-8 +1.6e-8
79 44 +1.3e-8 +9.8e-9
(*6) -1.3¢-8 -1.4¢-8 -1.7e-8 -4.2¢-9
+3.0e-8 +2.4e-8 +5.7¢-8 +7.0e-8 +2.1e-8
4 37 11 +1.4e-8 +7.5e-9
-4.0e-8 -3.7¢-8 -5.9¢-8 -7.9e-8 -4.1e-8
+2.1e-8 +2.2e-8 +3.1e-8 +3.2¢-8 +6.1e-8
5 72 26 +1.2e-8 +9.0e-9
-2.8e-8 -3.4e-8 -6.2e-8 -1.1e-7 -1.5e-7
+1.6e-8 +2.1e-8 +2.5¢e-8 +3.3e-8
6 43 24 +9.8e-9 +7.2e-9
-1.5¢-8 -1.9¢-8 -2.4e-8 -3.1e-8
7 +1.1e-8 +1.8¢e-8 +1.3e-8 (*7)
25 11 +8.3e-9 *+6.1e-9
(*6) -1.3¢-8 -1.1e-8 -1.0e-8 (*7)

*3 Values of the new noise level for tank model 18 at one observation station during a period of no rainfall

*4 Values of the new noise level for tank model 18 at two observation stations during a rainfall of no rainfall
*5 Values of the new noise level for tank model 18 during a period of rainfall
*6 The investigation period is 2000 to 2009, but the period for station code 3 is 2001 to 2009,

while the period of station code 7 is 2004 to 2009.

*7 Rain during investigated periods did not exceed 200 mm.
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Table 16 (2) Values of the new noise level for tank model 18 (2)

No rainfall period A maximum and minimum value by only the rainfall at
K C (strain/24hour) rainfall period (strain/24hour) (*5)
Station
(hour) | (mm) 99.9th 99th ~30mm ~50mm | ~100mm | ~200mm | 200mm~
code
*1) (*2) Percentile Percentile Y Y y y Y
+/— + /= + /= + /= +/—
(Nn) (*3) (*4)
+2.4e-8 +3.8e-8 +5.1e-8 +4.2e-8
8 54 31 +2.2e-8 +1.7e-8
-2.6e-8 -2.8e-8 -3.6e-8 -4.1e-8
+1.0e-8 +1.4e-8 +7.9¢-9 +1.0e-8
9 29 29 +8.8¢-9 +5.8¢-9
-1.1e-8 -1.6e-8 -1.5e-8 -1.5¢-8
+2.1e-8 +2.3e-8 +2.5¢-8 +4.5e-8 +3.8e-8
10 54 14 +1.1e-8 +8.5¢-9
-1.1e-8 -2.2e-8 -3.9¢-8 -8.3e-8 -8.9¢-8
+2.8e-8 +5.7e-8 +7.3e-8 +1.3e-7 +1.4e-7
11 64 22 +2.2e-8 *+1.6e-8
-2.8e-8 -4.8¢-8 -1.1e-7 -2.2e-7 -2.6e-7
+5.0e-8 +5.9¢-8 +1.0e-7 +1.4e-7 +8.6¢-8
12 44 10 +3.5¢-8 +2.8e-8
-7.3e-8 -9.0e-8 -9.5e-8 -1.0e-7 -6.3¢-8
+1.8¢e-8 +2.5¢-8 +3.7¢e-8 +3.5¢-8
13 50 17 +1.7e-8 +1.2e-8
-2.2e-8 -2.6e-8 -2.8e-8 -3.7e-8
+3.7¢e-8 +5.3e-8 +4.6¢-8 +4.0e-8
14 64 44 +4.8¢e-8 +3.0e-8
-2.9¢-8 -2.5¢-8 -6.9¢-8 -3.5e-8
+2.4¢-8 +3.2e-8 +3.0e-8 +5.0e-8 +5.9¢-8
15 39 18 +1.6e-8 +1.2e-8
-3.7e-8 -4.5e-8 -9.5¢-8 -6.9¢-8 -9.1e-8
+2.7e-8 +2.9¢-8 +2.8e-8 +1.7e-8
16 31 40 +3.1e-8 +2.5¢-8
-2.2e-8 -2.7e-8 -3.3e-8
+4.2e-8 +8.9¢-8 +1.2e-7 +1.6e-7
17 113 40 +2.8¢-8 +2.0e-8
-4.2¢-8 -7.8e-8 -9.5¢-8 -1.4e-7
+2.7¢-8 +3.5¢-8 +3.5¢-8 +3.8¢e-8 +4.4¢-8
19 23 28 +2.9e-8 +2.2e-8
-3.0e-8 -4.2¢-8 -4.1e-8 -5.6e-8 -7.3e-8

*1 K is the threshold for rainfall period judgment.
*2 C is the time of precipitation accumulation.

*3 Values of the new noise level for tank model 18 at one observation station during a period of no rainfall

*4 Values of the new noise level for tank model 18 at two observation stations during a rainfall of no rainfall

*5 Values of the new noise level for tank model 18 during a period of rainfall
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Table 17 New noise level investigation resultsresults

Station | Mean of Number of times over noise
code noise level | level
(Nyean) True | Peculiar | Rain | Other
*D) (*2) fall

1 7.530e-9 16 (*3)0 1 15
2 1.440e-8 31 3 1 9
3 (3%4) 1.367e-8 0 32 4 6
4 1.931e-8 0 0 4 2
5 2.132e-8 0 0 8 0
6 1.077e-8 0 0 11 4
7 (3%4) 8.791e-9 0 0 2 4
8 2.349e-8 0 7 1 6
9 9.109¢-9 0 0 3 7
10 1.457e-8 0 15 5 2
11 3.677e-8 0 0 9 2
12 4.510e-8 0 21 8 6
13 1.822e-8 0 0 1 9
14 4.725e-8 0 11 0 0
15 2.093e-8 8 0 6 1
16 3.082e-8 3 30 2 0
17 3.951e-8 0 0 17 0
19 2.954e-8 3 14 4 0

*1 True change in crustal movement is in reference to
Table 12.

*2 Peculiar change is in reference to Table 13.

*3 The pump correction (Matsushima et al., 2008)
residual error is excluded from the target.

*4 The investigation period is 2000 to 2009, but the
period for station code 3 is 2001 to 2009, while
the period of station code 7 is 2004 to 2009.
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Fig. 39 Ratio of the mean noise level on the basis of
(A) the conventional noise level having no
rainfall correction

(A) Conventional noise level with no rainfall
correction

(B) Conventional noise level with conventional
rainfall correction

(C) New noise level with rainfall correction by the
tank model
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Fig. 40 Detectability of a Tokai Earthquake pre-slip by one observation station’s noise level
(1) Noise level with conventional rainfall correction
(2) New noise level with rainfall correction by the tank model

(3) Difference of (1) and (2)

(improving the detectability of the new noise level with rainfall correction by the tank model)
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Fig. 41 Detectability of a Tokai Earthquake pre-slip by the noise level measured at two observation stations

(1) Conventional noise level with conventional rainfall correction

(2) New noise level with rainfall correction by the tank model

(3) Difference of (1) and (2)

(improving the detectability of the new noise level with rainfall correction by the tank model)
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Fig. 42 (1) Relationship between the cumulative precipitation data and the difference over 24 hours of the
volumetric strainmeter data (station codes 1-2) (Jan. 1, 2000—Dec. 31, 2009)
(A) Volumetric strainmeter data is corrected for the tide and barometric pressure, but not for rainfall

(no rainfall correction).

(B) Volumetric strainmeter data with conventional rainfall correction

(C) Volumetric strainmeter data with rainfall correction by tank model 18

* The black line indicates the new noise level during the period of no rainfall, while the blue line

indicates the new noise level during the period of rainfall.
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Fig. 42 (2) Relationship between the cumulative precipitation data and the difference over 24 hours of the

volumetric strainmeter data (station codes 3—6) (Jan. 1, 2000-Dec. 31, 2009)

(A) Volumetric strainmeter data is corrected for the tide and barometric pressure, but not for rainfall
(no rainfall correction).

(B) Volumetric strainmeter data with conventional rainfall correction

(C) Volumetric strainmeter data with rainfall correction by tank model 18
* The black line indicates the new noise level during the period of no rainfall, while the blue line

indicates the new noise level during the period of rainfall.
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Fig. 42 (3) Relationship between the cumulative precipitation data and the difference over 24 hours of the
volumetric strainmeter data (station codes 7-10) (Jan. 1, 2000—Dec. 31, 2009)

(A) Volumetric strainmeter data is corrected for the tide and barometric pressure, but not for rainfall
(no rainfall correction).

(B) Volumetric strainmeter data with conventional rainfall correction
(C) Volumetric strainmeter data with rainfall correction by tank model 18

* The black line indicates the new noise level during the period of no rainfall, while the blue line
indicates the new noise level during the period of rainfall.
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Fig. 42 (4) Relationship between the cumulative precipitation data and the difference over 24 hours of the

volumetric strainmeter data (station codes 11-14) (Jan. 1, 2000—Dec. 31, 2009)

(A) Volumetric strainmeter data is corrected for the tide and barometric pressure, but not for rainfall
(no rainfall correction).

(B) Volumetric strainmeter data with conventional rainfall correction

(C) Volumetric strainmeter data with rainfall correction by tank model 18
* The black line indicates the new noise level during the period of no rainfall, while the blue line

indicates the new noise level during the period of rainfall.
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Fig. 42 (5) Relationship between the cumulative precipitation data and the difference over 24 hours of the

volumetric strainmeter data (station codes 15-19) (Jan. 1, 2000-Dec. 31, 2009)

(A) Volumetric strainmeter data is corrected for the tide and barometric pressure, but not for rainfall

(no rainfall correction).

(B) Volumetric strainmeter data with conventional rainfall correction
(C) Volumetric strainmeter data with rainfall correction by tank model 18
* The black line indicates the new noise level during the period of no rainfall, while the blue line
indicates the new noise level during the period of rainfall.
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