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Abstract . Two multivariate regression models have been constructed to detect coseismic
changes of the ground water level. One model is
M N

gwl,= anipn—i+ S, bty i+ const + &,
i= i=0
and the other i 1s

gwl,= 2 Cigwly i+ E dipn_st+ 2 ity i+ const + &,

where gw! is the groundwater level, p is the barometric pressure, ¢ is the theoretical earth
tide, const is constant, and &, is Gaussian noise with zero mean. L, M and N denote
regression orders of gwl, p and ¢, respectively. We determine the regression orders and the
regression coefficients by minimizing AIC (Akaike’s Information Criterion).

These models are applied to time series data of groundwater level collected at the
Haibara observation well in Shizuoka Prefecture, Japan. In view of detecting changes of
groundwater level, the first simple model is better. This is, i) the standard deviation of the
residual of the first model is nearly equal to accuracy of the measurement, ii) with the first
model, the changes of groundwater level associated with the precipitation or the occur-
rence of earthquakes can be quantitatively detected, while it is not possible with the

556.33 :

519.283

second model.
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BANDE L OFFEB L > THRESNTWS (k2
1, WAKITA, 1975 ; FHIE 2>, 1980). HEFREFCIX
1977 EE L DR B IC B 2 TR -BTH A2k 3
B FHOFE 2T (BB TR RGeS N —
7, 1984), HITFARIZOWT, ¥ A ST - HIBREWHR
ExfT, HIBRETTIENL HrnidtBicryy
SELERBL T3 (7 & 2 ITHUBETER, 1981 ; #
HFAER, 1984). L L, HITAAICHNT 2 KE- Bk
BYHERC W TR AR TbhTE 6T, %
7z, FEROHTAMEMBEIIIE, BROBE - ATH
R4 ADEEWPE> T IZE0ORMENDY, HBIZL
L2 BEEOAZRET 2 FENEE > TRLOH

*WEEREL - CREDEER  HRETHCERTER

BIRTH 5.

AT, BRI IIHB I RITT 2T AMEED
RHEOBL ZEEE LT, #AREREAACET 3
HITFARCEERTI 25T 272012, KMILEEBDHBRE
DRI - [REER CHIZREIY 2 AR & § 5 SRR
EREFNVEDLD, ZhoDEFLORM MBI L
¥z 5 T AMEB DR D 72 » O#EYI % € 7 28R
TR2ZErRENET S, &, HTAMIHLERET
ER L7 =T VEERA LI QMBI & bR 5 KD
FHERUEROBEORESZDVWIERT 5.

2. B OBE

FEFTRR E LTS RBRREITRO S (81
), SidoEHE ik 58 m, FHRRKEEERTOLY 170
m, A b v—J (BEDOES DI KEBNOM T KOS %
M3 ENTHFEAT 2BFLMAE) 3EE 71-154m
whb, HHOBMBERR, BE0-3mi [u—-4),

—613 —




MEREMAR E05 218

MtAFuji
Abe River,
Fuji River
Oi River
Shizuoka
Kakegawaly g
138°E

v m e
4
{7

in this figure is a part of topographic map “Kake-
gawa” (1 :50000) published from the Geographical
Survey Institute of Japan.
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Fig.2 Observed groundwater level, barometric pressure and precipitation, and theo-
retical earth tide at Haibara. Groundwater level is measured from the well
head. ¥ indicates missing observation.
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Fig.3 Dispersion diagram of the barometric pressure
against the water level from May 1 to May 9 of
1982. Both the barometric préssure and the water
level are the differences between two successive
data points separated by 24 hours. (a) Correlation
between water level and barometric pressure. (b)
Correlation between water level and barometric
pressure delayed for 110 minutes. (c) Correlation
between water level and barometric pressure
delayed for 180 minutes.
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O | 3
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g 3
LI %o 5
a 400 * g
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K ® oO “;’ Fig.4 Standard deviation and AIC for each regression
5 300 %00 0000 3 =5
g I ® og 00000 000000 Oo 3 '§ order as the result of application of Model 1 and
g L I'YY ®ovee .QQ.‘ ® —E Model 2 to water level under the conditions of
200} 6%0e Bey & neither precipitation nor earthquake (20:10 July
Egm EEg 15-18:10 July 27, 1983). Model 1 uses present
LI T ITTY] LRI TTITITY and past data of barometric pressure and theo-
100 1 retical earth tide as a regressor, and Model 2
o U800 o uses past data of water level, present and past
ol , O atainisialula]nin]x]s] ogooog 90 data of barometric pressure and theoretical
0 5 10 Ord 15 20 25 earth tide. Minimum AIC is obtained for the
xeer regression order 8 of Model 2.
3.4 A . -3.4f
—_ Solid line: Observation value —_ Solid line: Observation value
g - Broken line: Calculated value g - Broken line: Calculated value
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Fig.5 Observed and calculated water level, and the Fig.6 Observed and calculated water level, and the
residual. The calculation is made for the Model 1 residual. The calculation is made for the Model 2
with the minimum AIC estimates (MAICE) order with the MAICE order of 8.
of 25.
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BT —F DYy F) SRR LREEE L, V7
NE A LTESNTL ZHTAKRMEDT —F i REH
HY, 19834 3 A & CIIEER 200 BFHIRRE, ZThlgR
600 REREESEY >V S B LB I LB TER. 205K
Db LT A TR R ITo 7.

KL T % RN DR EIZEE & DICIEHRBTHE 2 &
», SEEELEFVOFRBEEEICIIHE LRV,
Lbl, KEBRBENOFPELRZYTWS (2 iX
HWEFAER, 1983) DT, FAETRDEFNVIEROE
BLEOLSRELTWERHIBL DI, BIFXHE2
BRORZWEE L H 2ERHT THER 2T 7.

5.1 WEBIZE bR IKEAEHHFLVGE

5.1.1 BE@RALWGSE (Casel)

KEBHBEESEHWEFIL (Casel - Model 1)

B2 ONAEBOREERKN 2B WETL LT, 1983
#£7H 15 H 20 B5-27 B 18 R 287 B2 T L 72. K

Groundwater level (m)

Hick 3 AIC RUBRZEOFEREFEEZOEMLESE 4 IR
F. AIC i, 25 CTAMZERLIES, 25RO
LEBRRB/NEL., LaL, 6RMLETIIRES#EZ T
b, AICRIELAEEDS W, BEDRDHIT, 2B5RE
BEIRLI L %D Modell O FHER UEE 255N
AT, BE e OBHERE 0 DREE H 61K (253 mm)
& 25K (204mm) TRIFEAEEDL ST, ZFOMEITH
TAEZOBHAOKEE (£2mm) LIZIZRACAESTH
5.
KEBEAESTETIIN (Casel - Model 2)
BROFBPEHOREEZHER25KETL LT, Case
1-Model L {UF—% 2T L7z, ¥z &% AICK
VBRZEOBERZOEE2E 4Hicrd. AICK8KRT
B/ANER D, BIREEIRU 72 & & D Model 2 O FHIER
VBRER2E6RIRT. 20Lxp AIC OERVEE
&, DIE¥ERE o OfEIE, Casel . Model 1 25 R DI
B0 AIC RUBREDREREDME LN, 2R 2hhE
—FkRix 1 Th 35, Casel TiX, HE

Solid line: Observation value
Broken line: Calculated value

i
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Time (day)

'S
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Residual ( cm)
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'
™
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Residual m r\‘M WN“WAA'(\!\U!\Wr
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MMN\ J\y&recnpltaﬁon
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Fig.7 Observed and calculated water level and the residual with precipitation (18: 10 Aug. 11 -

23: 10 Aug. 27, 1983). The calculation is made for the Model 1 with the MAICE order of 25.
Standard deviation o of the residual is 10.3 mm. Maximum regression order for the

calculation is 25.
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|- Data to calculate
order and coeffi-
cients of Model 1
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. 4forder and coeffi-

. cients of Model 1 " -
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g | . - N
~ Precipitaion g
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Fig.8 Observed and calculated water level and the residual with precipitation. The
model is constructed from the first 90 data points of the water level before the
precipitation, and the calculation is made for the Model 1 with the MAICE order
of 4. Standard deviation ¢ of the residual for the 90 data points is 1.7 mm.
Maximum regression order for the calculation is 10.
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5.1.2 EmAH 354 (Case2)

KEBEEEEAWETFTI (Case2 - Model 1)
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F—=FD3 b, BRI 90 D & % v T Model 1
DB R (R, WTAELEFEL-E LB

EEESMITRT. BEiX Casel-Model 1 0EEIZ,
BRIcL2BELEZOND LY RSN RT
BY, BNICL2KAMIOERBEDOEE L THET
BIENTE D,

KEBE4SLETIN (Case2 - Model 2)

BR OBUAEBOWRBETK 25 WL TL LT, ERR
HIFEDAUEEEEERWET L (Case2 « Model
1) tAUCTF—5 2KIEFR2ELETVCEFTL I
REEINERT. BEBILZVIES (Casel) © Model
2 LD e, BEOBEREIZRE W, L L, Model
12w Casel Lk Case2 Dk ¥ DBEEDOERFES
HBLIZBE LD b, BROBENIE W, LizioT,
Case2 Td, KMIHBREDETAVOENAKMEE S
ERVEFVEIDGDTREDN LN, 51, BRI
EHRIBREORMIZ—IMAL IR DS NS, Lorl,
ZDETFNVTRBERNIZ &b 72 5 KAEML 2 YR 3i8d
LTwiwn, —F4, BROLZWRETEERRE - [R5
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Fig.9 Observed and calculated water level and the residual with precipitation. The
calculation is made for the Model 2 with the MAICE order of 4. Standard deviation
o of the residual is 2.5 mm. Maximum regression order for the calculation is 25.

2RI Model 2 12k 2BRER &> TERIIHIGL
KB LB BTz, UL, Model 2 DBEEEEHTH
ZARMEEOBEOEE, MOFBEHRIT 2bL, KE
CEREWICH LU THS L IHIITRY, Lo THERO
ZORETYH L7 Model 2 12 X 2EER, BRIcE D
2 KM EEENCFMMi T E 2w, Lo,
Model 2 iz D\ CTRER O 2V KB CRE L KE - iz
RDTAIEFET 2 Z LA TR Tb AL o)k,
5.2 BRAAC HBIZE I KEEHHH2HS
(Case 3)

1983 8 H8 HI2W47T A ILFEBEE T B W T
M6.0 OHBHINFHAELS, ZOLZTRHTAOREEE
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LR IEE L ERINT W5 ERER, 1984), #2
T, 19834 8 A 3 A 17H-11 H 16 RO EFH 192 BE D
WTFAMT—FI2oWT, 220FFVEAWTERY
Totz.

KUEBBEE L WEFIL (Case 3 - Model 1)

BARE20RETE LT 12T RTH SR E

FEED EDLEREE 0HIRT. HIBSE Z - 728
A DT & »p R AMIELERD s hiz, 22T,
HBOFEAEH 110 B TE T VORE, REE2ROTTF
HIE & EROEER AT b OMBE LK TH B, - OF
TiX, HEB»Z L BERNZWES (Casel) @ Model 1
DFEFHERD? S AT, BRSZTHITRK 6 ROMBITT
LAMBEELISEBEINE I L, 1M0RBETREKR
20 RO T —F BBRBYV R s, BITIER
KOWTITo7z. BERHMBIC L b7 - THERIZELL
Tw3,

KB E45ETETIIL (Case3 - Model 2)

BATRB20RETELT, 192KHETNTHhoRE L
FEELLDOLEREE RHEFRT. 192 02X H
#HWT Case3 Iz Model 2 24Tk & &, &AL
BEZ2SERVEFL Modell) kIEAREBEII/INS L,
&5z, B/ AIC OfEd Modell X h/h&w, ZDZ
LED, BRBEL, HBPEELBEESTS Model 1
by, Model2 DAMAKLE LD XLFHL TS L
Wx3 UL, TOEFNVTIE, MBI L D% DK
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3.4- Solid line: Observation value
—~ Broken line: Calculated value
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Fig. 10 Observed and calculated water level and the resid-

ual including coseismic water level anomaly under
the conditions of no precipitation (17:10 Aug.3 -
16:10 Aug. 11, 1983). The calculation is made for the
Model 1 with the MAICE order of 20. Standard
deviation ¢ of the residual is 5.1 mm. Maximum
regression order for the calculation is 20. “M 6.0”
indicates the earthquake occurred the eastern part
of Yamanashi Prefecture at 12 : 47 Aug. 8, 1983.

BB EEWICRE L TW3 LidWv» 22V, 238, Model
2 ORPEEH TH KM EHEOBREDHER, MOHEE
Byhbb, [UECEREYCOEUTHS 2L TR
WOT, HBORERO T —5 RETHRE - ke KD
7z Model 2 12 L 2HEEIC L > T, HIBIT L 72 5 KEE
{LIZFHIE T & 2,

Rz, WMBOHMBTHETRM 22U T, 2hZhoR
Bz DwT, Model 2 DE#ERKE, HREed oz
ZDr 20R/NAIC L BEDSEE, 2RBETH L7z
bOEHbLET, BIRORT. HBORMBTT K
MESUTRE, B2 Lok, 2KETLED
T BN, BN AICDED/NE WL, 2O LD
T, BTHRT 5.

Solid line: Observation value
Broken line: Calculated value

Data to calculate order

g
'E 3.5 and coefficients of Model 1
- M6.0
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360 SN
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~~ *[" and coefficients of Model 1
g (= —>M6.0
—g 0 il VDN l
3 w
a L
=
4+
1 L
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Time ( day)

Observed and calculated water level and the resid-
ual including coseismic water level anomaly under
the conditions of no precipitation. The model is
constructed from the first 110 data points of the
water level before the earthquake, and the calcula-
tion is made for the Model 1 with the MAICE order
of 5. Standard deviation o of residual during the
110 data is 1.4 mm. Maximum regression order for
the calculation is 6. “M 6.0” indicates the earth-
quake occurred the eastren part of Yamanashi
Prefecture at 12:47 Aug. 8, 1983.

Fig. 11

6. & £

LERDOIODT—2T, KMEER2EGELET NV
(Model 2) 2%, AfiEHE%2& % \»EF L (Model 1) X
D YKMOEE R LHBEL T3, Lrl, #HBEICL
bRIKMIOBEERHEEEN L T5H5EERRET
LT, KEIEFZ2EERVET VORI, Kigs
PELETNVED BV THS. BEEUTRANS,

MBI { BRI WS (Case 1), #BH 7% RS
b 3G (Case2), HMBBRELBROZVWES
(Case3) M3 DDTy —RWDWT2DDET N % HEE
2%, Modell iz, Model2 Dt AIC, Hs=
OFMERZE L HIT/N& W, ULkeddo> T, Model 2 08

— 621 —




wERETARGELHLE F1S)

Solid line: Observation value
Broken line: Calculated value
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Fig.12 Observed and calculated water level and the resid-
ual including coseismic water level anomaly under
the condition of no precipitation. The calculation is
made for the Model 2 with the MAICE order of 6.
Maximum regression order for the calculation is
20. “M 6.0” indicates the earthquake occurred the
eastern part of Yamanashi Prefecture at 12:47
Aug. 8, 1983.

Model1 &Y X SAKRLEHAL T3, LHrLERICL
b3, HBVIEHMEIZ L bk KIELEEERTIZ
BRET B ZERTERL,

iz, FElEk»robhd XL, HESFKEELUER
g (Case3) TiE, KAIE&2ETET )V (Model
2) BMBORI®RTT — I BRREEFT L, €TV
DOHTREONEN, 202kl Cased3 DT 3F
rER AR =71 (KITAGAWA and AKAIKE, 1978) %
AT, MBI L b KN LORKREZE b &
DB EBTELIHEENDHZ ZEERLTRS, Ly
L, ZOBBREZIZL ED5LHEER, BHBRER
DTF—IBPLBETHSB, £, KMIOEERZ ELEDD
ZEETERY, RHFRORKNLERETH 2 HEICE
1T 2T AMEBORE T, HBROT -5 2#>
ZERTEY, a5, MIOE{LERHES LR
hiZzskzwn, PDEocr Xy, KMIEEE2SLET NV

Table 1 Minimum AIC estimated from the whole data and
that estimated by dividing the data into two
parts ; before ((1) in this table) and after ((2) in this
table) the earthquake. The summation of two
AICs ((1)+(2)) is smaller than the AIC estimated
from the whole data. Maximum regression order
for the calculation is 10.

Standard Regressors
Minimum deviation of L
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