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Abstract

The Hyogo-ken Nanbu earthquake (M;u7.2), that took place on J anuary 17th, 1995, in Kobe
and Awaji area, caused tremendous disasters in the areas. After the earthquake, the Japanese
University Consortium for GPS Research (JUNCO) deployed more than 30 GPS receivers
around the hypocentral area to find co-seismic and to monitor post-seismic crustal deforma-
tions related to the earthquake. Data have been archived first by on-site recordings and later
by tele-communcations at the Disaster Prevention Research Institute, Kyoto Univeristy.

Temporary dense array terminated by the end of March, 1995. Further temporary occupa-
tions were conducted in May, 1995, in November, 1995, and in March, 1996, as well as long term
continuous monitorings at selected several sites. The monitorings ended in August, 1996.

Co-seismic offsets were observed at several sites around the source area. The largest
offsets amounted to 45cm at Iwaya site which is about 4 km east of the Nojima fault. These
data were used for simultaneous inversion together with strong motion data to clarify slip dis-
tribution on the buried rectangular faults.

Post-seismic deformations were also found at all of sites. They mostly showed temporal
decay and amounted to 2 to 3 cm. The largest one was observed at Iwaya site. The areal distri-
bution of post-seismic displacement vectors seems to indicate afterslip on the fault planes, but
not the areal visco-elastic readjustments. Relaxation processes at Iwaya and Kawaragi sites
were fitted by a logarithmic curve. Application of a theory on the mechanics of afterslip based
on the constitutive relationship of a fault surface indicated that the fitting give reasonable es-
timate on the frictional rate parameter or the thickness of velocity-strengthning layer of the
earth’s surface. Assuming that the constitutive parameter is ranging from 0.001 to 0.005 based
on the results of rock experiments, thicknesses of velocity-strengthning layer at Iwaya and
Kawaragi were estimated to be ranging between 500m and 2 km, which is consistent with other
seismological data.

Monitoring of fault offsets using real-time kinematic GPS (RTK-GPS) were also conducted
at two baselines crossing the Nojima fault and the Arima-Takatsuki tectonic line, respectively.
Though significant deformation was not observed, it showed a potential capability of real time
monitorings of ground deformations in a few centimeter accuracy.

L. @ C &

1995 %1 A 17 B4Rl 5 1 46 4 (EARERD), RO HAMHEIEIC A LI 3 ME T & %
BEELE LA, 6427 ROIEH « ITHRAE (1996 4 12 A 26 HEE ; HEEFA~)
ZRIUHELTIEANCHEL REEETHIRIC b5 L. COMBERIKEFICED 1995 F L
BrEtE thgshl. [EFICENE, <7=Fa2—-FRT72, ABEOEEIMEABEEO KL
BT (Jb#& 34°36° ; BA% 135°02) TESIE 16kmTH »72, 77, AEDA = X s IZHPEEH
DHEETNHIETH 2 (KRERZRE - KEFFHETAEHRE 1995). Figure 1 K AEB OIS &
LIFicii~ 5 GPS Bl 2 L 7 il 2 7R . AFOAFREEIMBL IHIBE SR > o BIEREETO
BT LA BRI & > TREAEEICHRE L (Hirata et al, 1996). Figure2 122 d 7' — 7o
Lo TRDLNIERBOAHKTH 5. FAKICHEABD A H = X6 biRe. Ko, RESILEL S
FAPSICHEDS 2 NE~RBMTBRICIN > TAH L TH Y, AESEEEHOIEH T TR » -6k Fh
WBTH 7ol ehbh b, OMBICKEL THEBEOTEMIBICRAKN 2 mIsizd 2 MEKEHE
bt (Bl EHEf, 1995). —7, #EAITRBERICENBRELNT, - 72,

MR ARTIC RUTEE B DI ic 3 V0TI, M RSEASEUS OBIRIASIC 38\ T GPS BRI % &1
BNTHRHE LT\ 7ens, HIEER OHIRAEE 4 3 MICTHE S 3 DI IRKRDNTH 3 EEZoNn.. 2T
T, COHEOREEKRD SLEDKFED GPS HEE THMT 2 [GPS K@ | 13, FE LT
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Fig. 1. Epicenter of the Hyogo-ken Nanbu earthquake shown by an asterisk and the studied area
shown by shadow. Usuda (USUD) IGS site is used as reference site for a part of data analyses.
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Japanese University Group of Urgent Joint Observation for the 1995 Hyogo-ken Nanbu Earthquake
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Fig. 2. Aftershock distribution of the Hyogo-ken Nanbu earthquake (from January 20, 1995 to
February 28, 1995) (Hirata et al., 1996) and the focal mechanism solution of the main shock pro-
jected to lower hemisphere (after Osaka District Meteorological Observatory, JMA, and
Earthquake Prediction Information division, JMA, 1995)
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Fig.3. Site distribution of GPS observation by the Japanese University Consortium for GPS
Research (JUNCO).
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Fig.4. Data flow of the GPS observation for the temporary dense array after the Hyogo-ken
Nanbu earthquake.
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MBES N/ 1996 FEB A2l HE TITIEF L X — ¥ S G L, < OHIZEICBEE L 72 GPS Bl 134
TL.

58, 19954 5 B3GR IHTFHE OB RHIBTES) % FHE 9 5 7255 1< BUAR K B A3 [/ 1< B % o
GPSHRMIS 2 RE L1248, AMESICEEHBVTEL.

3. F—YOMIERLER

F =5 DT Z N ZNOEMIIGECTHHE L TERS Nz, BHTicid T & LT Bernese ¥ 7 +
v = 7 (e.g. Rothacher et al., 1993) %{#f L #:. Catane (1995), F& (1995a, 1995b) K ¢ Tabei
et al. (1996) |FHBOHIKRICE CHRAE TS W7 — 2 2 AV, HEBORIEESE 2 L /-,
Yoshida et al. (1996) BIRFIC & 2FEROM, HIEEEIC X 3 GPS « HHIHIEF — ¥ RO HMES 7 —
SEGOIERA vN—V s YEERL, BEWBEHLOZM N, P LVOANGEEREL . 1,
Kato et al. (1996) |dHUREFFLATICEY SN/ Trimble 7 — 125 W CEIBIICRT 2 LM L, HiE
BRORMEG EHE L /2. 51T, FEREPHKHERO 7'V — 73287 — 4 2 B0 T
BT 21TV, BESEALZORDEHNHLZHS,ICL, 204 =X L%52EE L 12 (Hirahara
et al., 1996; Nakano, 1996; Nakano and Hirahara, 1997). Hirahara et al. (1996) 1355 E¥iE % &
Wrd 2IREERERR T LD TY TS M4 L% X2 F 4 v 2 (RTK) HRIC & 2 HEEZS 8 o Bk 75 #E
BEEE L. UToHic, MEROHRESRERNEHIc> VSR ERT L, 2205
HESNIBR « ROEHBBIc>VTHERT S, /2, VT AVILL+%<257 492 GPS (RTK-
GPS) IZ2W\W T bR ERL, ZOERIIOVWTHNS,

31 HEROMRES L BRATE

HIFRFEHE IR & O M K & RIS « MR ASIC & - TREEHIA A S hERI 1< 8 W T EY
MIRBRIASERS VTV, BEEEHE TR, WEREHEAY (KOBE), EH (MAYA), A&
(SOIN), MFZEBEAR (AKS0), HEBMIIHFE AWAY), #4% (SANO), #& (MIDO), BB
(NUSH), BEMNTDEIBEHAETH R, 22T, HIEFICEHBSN-ERSIcB Y CHIESRER
BRERBL, AIREHERT 5T Lick > THIBBOMBEEB 2S00 5 2 E5RA . BEK
FHHBRRT L O BRI ERE L TORBRSR EHERICE S 7 — & & HB L TiB 1 I Ok EZE
8% Figure5 (a)iz/”"d (58, 1995a). I TIIMEKAY (KOBE) #L8& LTEMAERLT
5. HERFOBR[TS 2BM (MAYA) BlRISRIE~HIcm, HEE IWAY) FFE~K
43cm, 7BE (NUSH) BE~NW8cmBEH L TV 202 bh 2z, 12, #EE (SOIN) IZHIER{E T
MPERFICKH L TIN1emBE L2 2 & ashTnd (F8, 1995b ; Figure 5 (b)).

—7%, TR &I Tabei et al. (1996) |3 Figure 6 12774 & 5 IS HIER OZSRI N2 b VAR,
Table 2 1IN ORI ZRT. O TId, AKS0, SANO, MIDO ic> W Tk E# (KYT )
ERESLEL, TIEAREE LA, IWAY 2IGS (EEE GPS + — & 2 ##) BHRlA0MAH
(USUD) %##eL L7z (Figure ). R SO AR LS I HEWED SWAkmBHICH 2 28
(AWAY) OoBHIATRBBERRTHAAm IDE 3 BEHEHROEMAS RSN, FE (1995,
1995b) DIEREFNHITH 2. DT L RWITHE (KOBE) ICKEBEMMIID - 12 & & ZRE
LTW3, BRDA V=V 3 YORERVRT LS ICHERZENBOREALELE LS -TVWHWY S
Bl LI L Cwicien &, MERATRETBSHBICEH L TOEL - ERNBERTH A S, M
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Table 2. Co-seismic horizontal displacements due to the Hyogo-ken Nanbu earthquake.
unit: m (after Tabei et al., 1996)

Sites North East Vertical Amp. Azimuth
Akashi .360£.002 171.007 1441007 .399 N 254 E
Tsuna -.352+.029 -.018=%.041 .218£.049 352 N 1829 E
Midori -.081£.022 -015%.032 .130£.040 .082 N 1905 E
Kobe 019%£.004 -014+.012 .133+.023 024 N 3236 E
Iwaya -.059+.004 -449%£.013 -.025*.024 453 N 262.5 E
\ 135" 00 j\,( 4
(a) - AN =/
N

s
| — 7

KOBE (Fixed)

<« 2cm
@  GPS stations

Contour intarval in meters

‘m .
135 14"
1

34743 =

Fig.5. Co-seismic horizontal displacement vectors of the Hyogo-ken Nanbu earthquake.
Maya (MAYA), Iwaya (IWAY) and Nushima (NUSH) Relative to Kobe University (Terashima,
1995a). (b) Maya (MAYA) and Soin (SOIN) relative to Kobe University (Terashima, 1995b).

(a)
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Fig. 6. Co-seismic horizontal displacement vectors with 95% confidence ellipses of the Hyogo-ken
Nanbu earthquake (Tabei et al., 1996) .
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Fig.7. Slip and its direction distribution estimates by the simultaneous inversion using geodetic
and strong motion data due to the Hyogo-ken Nanbu earthquake (Yoshida et al., 1996)

FEEBER, BAEOBR T ZNZNH40cm, S5ecmOKEBEMDBH LN S, BH, LHBEAY
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TW3,

Wi, B0 2E GPS #EfEAl 2 7 4 (GRAPES) M4 TcicBE Lty (Bl 38H,
1995). BHBRSHIBHOEHAEBEE LV L WS OBAIETRONZ A, SEEEASS I, -
flEbdbh., TORAEMIIEAH 4cmTH -7z (Hashimoto et al,, 1996). T4 D&l = — 4,
HEEBED GRAPES Ic K 2 BRI E Z OB%EM L - =ASI1CB1F 3 GPS #illlic L 288, RUBEF—
7 b c[ERE A /Y=Y 3 v 48 Yoshida et al. (1996) ik - Tirbh, Wi LETOZ Y v 74
oS Iz E N, Figure 7T I Z OFEREZRYT. KK KRB >REZKTH D, KRB
RoWEEH DR ) » 7REEM~S bVERT. WEBHEHIEKEEMIE2E R 2HEb 0, B
BREEOHFENEETOLETIMBETHY, HTEEMICT + v 7T 3 3FEEOMER GER
N43°E, % SE75°, & & 24km, f&16km), L3N EZEXKI 2ETIREIcT v 7T
3 12IFEEOWIER (EM N52°E, fHx NW85°, K& 36km, IE16km) 252 Tw3. N» 545
25 &5 ICRFEMEL EBEWBEMEE MICHBEMS 2 mET LS TR LERBR TN S, —
77, RESHD»STFHREIN BB EICIMERIBIEE TREMSAE 5L, EFEEHMEDE W E
CATREMAPREAEEDIGENT E03bh 5, WESH S IKBOILHIROBAE — S EE
HETHEETATHEL, KEUFEEOS - EpMEINTEY PR TARERGEE - 52
FrtiEFAHEHER, 1995), BBKEWV, T/, CITRELEZMBEIRVWHOWS ‘B0 (Filzi
WEA, 1995) &0 itz @EY, NEEHBRICH->-TVWELEEZTVWAE, WMBNEEZEEHEL
HEBR b Yoshida et al. (1996) 2L > THENTWVWE, AT — 23 TCRAETLELEIEES H
B—EBRICZESRVEEDLNEY, REAHLELSETOMBREZOENBE T2 LE2
ZO0EYEEEDLNS,

32 RIEBHBRAEEZDOAN=XA

(a) GPS iz & 28

INFTELOMET, ABREBRREVHIRICO I > TRYUZEH LB S TV 2 HH IS V.
1923 FERAHHIEE (M 7.9; Scholz and Kato, 1978) +° 1946 4R #1Z (M 8.1; Fitch and Scholz,
1971) B EDHBERVICB I 3B TEBTECRSIK/UDET LMo T WS, 1994412 A 28 0
WKHAELK TZBER 2] (M75) Tid GRAPES ic Xk -» THBEEATEHSIEI SN TV S
(Heki et al., 1997). —7, HEETHMBEC X2 R/BEHOHEB TSN TEY, HATIZ 1896 &F
FETBEE (M 7.5; Thacher et al,, 1980), 1974 FEFRGHEMHIZE (M69) GEFAR, 1980), 4
ETid 1966 F£/¥— 2 7 4 — )V FHIEE (Smith and Wyss, 1968), 1976 7 7 5= SHIE (MT75;
Bucknam et al., 1978), 1987 % Superstition Hills #1%E (M 7.1; Bilham, 1989, Sharp et al., 1989,
Williams and Magistrale, 1989) 73 E438% 5. F 7, 1992 4E Landers 1= (M 7.5; Shen et al., 1994)
TRIFCHTHRBEALTD GPS Bfllic L O RIMEFHEZ ShTwa, NEE TRHEICLES %)
EH) 3BEIHRICHAREERSE FLEMR /NI VT EBB V. -7, EEEFTHEOR
WEBERA 21 @ZBNBVERONE B0 BBETH -k, 1, GPSOEREAE ->TTh
i, COXIBNESBEFEEBRICHAT I EMLTEETHEEELI N, COLH I, RELER
IR 13 GPS M5 L TURBEA BRRT I LD TORBETHOAZINMETH D, RYIEH
KOWTEL DI EEHOLIRTEILVEETH - EbWVI LD,

KRUEHOFHEMEWHS »ICT A ICREVWHRIch - 3 AESKLETH 2, T TRHIER 1 FE0
IR oNIBEHCE S RMEFHITO VTR L TH L. Fiflilcdbid Lk e, HEBBROIT~XTD
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7 5 BEHAMEBICE S h, CCTEBMOBITITh . © 2 TIREE LT Nakano (1996)
K& BBITEREICS EDnTRLTEL.

Figure 8 (a) ~ (0) I#ERO—IARYT. B L - HBEHEEE» CRE 1L BZTTh 2,
o, BHEL L TRELMERE GRAPES O fid (MITU) Bll&2 &0, CIi2RHeE L
(Figure 3). Figure 8 2 obh 2 L5 CRMEHRZEEALOBHATRESATVWE, L
LEDS, ZORBIRHENTIILL, BREKICEET 3 &5 BEMERTAPEBNICER LT
WA, &5 W3R & ic BRI o B a2 8RS b & 3.

Figure 8 (a) %BE (IWAY) 3HIEROZM TORADOEM AR LS TH D, —RIHME
EWHZEAZR LTS, 19954 4 ALK bl ER S Nz tim TH D, 2 OBRIREH X
Chn B, K 1995 FHIE A ICEBROWTICKEBIE SO E MR LN BT N IEBHIMN 15 B8
£%bDLFEZ 5N %, Figure 8 (b) IEFEWIERINIEV—E (ICHD) ofiths. L0 EE G
~6H) DRERBRECESDVTVEYN, KXURKMEFHIE VLS Ths. Figure8 (0) 3012
IEORM O (MIDO) Th 5. BROMBOEIETD b EHAR SN 3%, FERIIRHETSH 3.
Figure8 (d) 3#FFEEK (AKS0) OREFHERTHY, EFLAZD K Y 7 FEM S B TERA
& 5. Figure8 (e) 3% (TKRZ) OTERTH Y, HFIA~DOFY 7 rHES5N 3. Figure
8 (D) WEZH» oM km ILMOEM (TAMS) BlRlETH 2. BEHOKREXZIE oo xicHE> 30
FREREC LS BEMOBETITH B, DS BILE WV LILFEHE~ DL B0t~ L HEE
DER[DFTRIL (ABYM; Figure8 (1)), 5#8 (KYT_; Figure8 (m)) BETOH LN D, &
n &R Figure 8 () ®BII (SHKG) EEEFEAIE, 3 7h BHIEZR & [/ U A s Z467 L
TW3, o9 <CHEflloREAR (KWRG) (Figure8 (h) WHUIBEARICEMLTED, BRI
2LV, CORKEVHWYWE “BRKOE OHEOMMEDBM S TH 2. Figure8 () MEA
FRA (1180) oZEAITHIIIEE UREH~ DR 25T, Figure 8 (j) EMFE OItfillic# vz 35H
LD TR EATITIC & 2 NEREG OB I S BlA (1181) THEA, &2 TIRHEEED S 2
AOBO DRI T TRERERNOEMMSBRS N, OIS AIc—BEELEL > IR
2%, ZORFEIERSBEMARSFELTVWE LS ICbRL 2, HIBEEOKXERYEHOER
BOERZICAHTH 3, UOLUEZRAT L ABRCRAAESHOBE S S ERWEEbA S
DT, KDEBHIE, FIZRFILAOEEAENOBEHEEZI TRV LD EELN S, Ik
BERNBENRVWECAR2RE2E, S00ETICERAERD THOA L b S, Figure 8
(k) (U SILFES I 32 km B 7- REEE R F I BHh MBS (1184) Tk, E
[EC &5 RILPAA RN DI DEEE TdH 5. Figure 8 (n) FKKEM D ILEEIIE (TOS2) DR
iR TH 5. WRERIEHTSHOEMBICERT 2 HMICKEREMER L TOCEKEL, 7
DEROEMBFIET W LFIRL TV B, K%z, TOS2 & BWEAE T TR TEE AWAY)
DEEANICAIE S 2% (SANO) TIRTOS2 &b & 5 ERADEMME SN (Figure 8 (0)).

Nakano (1996) 3C 5 LT ohcF— 5 ictl, < OHIBOKELE(LL % LR O BITEE R 5
HELTHIELRE L CRBRASORNEHOBMEE LB LE L. chick-THELALE
BRROEREE~ 2 b V% Figure 9IRS, RHSHOMB X S, WIBEEOBH &S T 2 E
ROBERET N L FMMEOEMART ENBE VT Epbhsh, g iJLEITEE (TOS2) Ok >
CHIBERICERT 2L ) BEMERTAGH 2. T, AE - SHEGELHLOBR ST, o
RS EDOEN P ER L THY, HEREMOEE - FELIC LWL S BENAHEERT. < O
TIIHERFEM L IRTE T 0y 7 DEFNSH 2 EEZZHBL VDS LA,
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Fig.8. Temporal changes of horizontal coordinates at GPS observation sites; (a) Iwaya IWAY),
(b) Sano (ICHD), (¢) Midori (MIDO) and (d) Kobe Gakuin University (AKS0). Horizontal axis is
the Julian date since the first date of 1995 (after Nakano, 1996).
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Fig.8. Temporal changes of horizontal coordinates at GPS observation sites; (e) Takarazuka
(TKR2), (f) Tamase (TAMS), (g) Shukugawa (SHKG), and (h) Kawaragi (KWRG). Horizontal
axis is the Julian date since the first date of 1995 (after Nakano, 1996).
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Fig.8. Temporal changes of horizontal coordinates at GPS observation sites; (i) Kobe University
Supplimental (1180), (j) Rokko Farm (1181), (k) Hyogo Kyoiku University (1184) and (1)
Abuyama (ABYM). Horizontal axis is the Julian date since the first date of 1995 (after Nakano,

1996).
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Fig.9. Distribution of the post-seismic displacements at GPS sites (Nakano, 1996)

(b) RUMEFD 2 51 =X A

HEOREFH I 2 OB BEHEELICHRT 2 L2 BEHTH 5, TORKMEHITIVWAVS
BHorHonTVws, HEERCRONZEERY | BEEOEHORMEH IO TAHIH L LE0HE
FeitftIciBZA 5NAB T ENHY, [Ro—T -2 92— | REEFINTWS (BRI Kawasaki
etal,1995). INLDRVETHU EOBMER AR ORPEH FRMABICL - THEHOZX S
N, BeBAHN=ZLPRIBENTVE. ThoD5 5, BELAO, HICEBENEAME NS R
MEBO VT RETBO THERARND R Y v FOEEBEARREE LTHOonTHWS BRI,
Thatcher and Rundle, 1979; Kasahara and Kato, 1980). 1994 4F 12 H [ =[Eid 2 hHIE | 0% D
HWIEBC b > THES W ARYEH RIWBE L TEMS#EIT LIS, [RAe—-T—R7 Y =—
7| EERENTWS (Hekietal, 1997). ThiELV, BHHEICOZZEHORUDEH IOV T
B RS~ v bV OEEEREIIAEZ SN TWS (B1Z1E, Thatcher and Rundle, 1979; Thatcher
et al., 1980).

EDXSNHERE LI L, —BHCHBEORDEHOEL SNS A =L L TR (1) H
e L~ v b v oiEdAR, (2) MBELORYKZY v 7, 3) WMBAB~DOXY v 7Dix
BUENEZIOND, EOAN=RLERETEIMICL>TEFVEKOED>TL 5. Shenet al.
(1994) 13 Landers HIB DO RHEBNC, FeRBILL, B, ~=EMH o 3BoEENEH T
Bk, F—shoEnNSEEIENHTEIEIZTERM»>72E LT WA, Nakano (1996) &
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Shenet al. (1994) LEBKDREAEIT-TVBDPRIBY, ENbIChEIBEREL->TVS,

TERMTHEORS, RICRVEB MR « Eif< v b LT ORI b - 72 I ORI
RABREZRHL T2 b0 L EX THREBMTEMT 3 &, PIATHEELSRYMEAShTuL 55
B (IWAY) « A (KWRG) Ti3% DOBERIIH50 HE7 5. TNid Shen e al. (1994) 12 & 3
Landers MR DIFADHEME X LALF U TH B, O S HhEk « L=~ b L ORsBMEY 7
B, bLHsLTniE, BREERSECO: ZRENBEI Y — v & L THESNE T TH
A5, LipLEA S, Figure9 24 3 EAMOMBEDERS, RVEHIMBOTHBRONTEY,
LIHIRIFZAL S [F CARZ RO TOZBRAHSE V. DT ED S FRD & 5 SEBER 722 12
ZRICV. LA, WEBE L2 VEZOFLTORMIR Y » 7OHEMATEL TV 3 LS5z
Bbns,

Wi EORTES) & Z L1 5A, PR IRBEEHEMOPOBREEH 2 bDEZZ 26T
L. RUEHORHKHB S RBEROBIREICUTVE &, 0, FIZITABRAREEL LS
BNERADBHTEELENEIONE. 22T, RUEHP(1) 2RO L 5 H~NETEIC L -
TEWYT 52 & %E A7 (Nakano, 1996).

P(t) = D{(t—t,)/7,}' P+ V(t—t,) +e

CIT, DREBRIEBORIBERD %5 2 — 5, V IEHNDIEEE, ©, JEMEEMIEE, » i
N%%W@47?y7x,%um%%éﬁ%,eﬁﬁ%?%é.%%ﬁ®ﬁ§®%%ﬂ@6upm
BLZLITEWETHY, EEEMBHEDCEHEAIR L1 ERD SN TV (HEHKEHET « HEik
FHIRDIFET, 1995). LB 7, 250 HE LT ERARMEHOEBDOF — 212 b T ik -
Bap=111 575N, REMOBFBIEL LWHHEFEYT (Nakano and Hirahara, 1997). {H L,
REBOREBE (KHRAR) LAVEHOREBRLEBER VO3 LRTEBVLDT, CoT
m%m%%wﬂﬁﬁﬁ%h®&%%WTé6béh%%@&%f§ﬁénfméﬂ%ﬁﬁﬁé,&m
ST EEERMmLTBEL .

T, RERVEBPRBEOBOEMDRETH B ERELT, REA S/ =Fa—FeE—2 Y
P OBIRRERVTHEMSHREMICET &, 2ORBREBLZ8mmTH 2 EAFEah, B
RSN RYEHZHAT 2DICBES TRV, §6-T, BAISN-ROESHIHE 3820k 3
HBREBORETRIEL, MohrOFMBHEOBEELSATVWE60EEZ 503 (Nakano and
Hirahara, 1997).

TNTE, RIEBOELZRBEORE 1 THL, WBHELICIEHEED T~ ASHIER b5
1LDIZEERBLEEDEISBIEBRMBDIEL D, TDXS BEZH A ELREEROEE L
DOTHIBOBEEMERANCD > & > THIAL LS & F2RA25 3 (Bl 213 Scholz, 1990: Marone
etal,1991). Marone et al. (1991) (3, HGEROREL L, X O FEFOMEREGE B, BiEE
B & ICHIBE LT 2 VbW 2% EELE (velocity-strengthning region) 1275 - T
BLEEATVD., IOLIBBTIHBRARIC IHESEITT L HICL DTN BEIDT,
RS L THIRRFICRAIGADBRRS TV, C OBRBIGAHSHIER O IS EMEREI & - Tk
N, RMEHEELCDEHBRENE, TOLSWBAMKEN U,(1) REANK AR VRO
TEUEh 3,

U, () = aln{(B/a)t+1} + Vit
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Fig. 10 (a). Least-squares fitting of the post-seismic displacements at Iwaya site IWAY) by the
logarithmic function. Residuals are also shown in the lower figure. Dashed lines are the cases when
a in equation (2) is changed with amount of £10% of the best fitted one. Horizontal axis is the
days from the first day of the observation.

Fig. 10 (b). Least-squares fitting of the post-seismic displacements at Kawaragi site (KWRG) by
the logarithmic function. Residuals are also shown in the lower figure. Dashed lines are the cases
when a in equation (2) is changed with amount of =10% of the best fitted one. Horizontal axis
is the days from the first day of the observation.

Table 3. Estimated parameters; a, 8 and V;, by the least-squares
fitting of the logarithmic curve to the post-seismic dis-
placements at Iwaya (IWAY) and Kawaragi (KWRG).

Iwaya (IWAY) Kawaragi (KWRG)

a (cm) 0.314 0.264
B (cm/day) 0.192 0.167
V, (cm/yr) 0.858 0.923

27T, a=(a—b)o, h/G Ta—b IWBEDOHEK 5 » — % (constitutive parameter), o, (ZMr
BHEICEB IS OEIHREOEME (effective normal stress gradient) (B & % 15 MPa/km 2
), G RHZROMKER (3&LZ 10GPaEE), h #HEHLBOES, S EEF{LBORT
DOEEH ISR EALEE, V, BEFHREMEETHS. #-T, CORZRUDEHOMERICH
TROTazET 5 ETEBRELE YT 2 -4 (a—b) LhDBHEOFITKDONE, a—b ZHE
DAYy THRAERET IEERB/ NI A -7 ThHY, IhMBEOHTHEE/LES| SR L, A
FEERLEZS|EEC T, FMEPRBOIMBEREBIOIEL, BRESHBREBICIET 2 LEZ
o3, COREIFFEER/N_FTAYUC L > THE L EARBRIEICH T3 4% Figure 10 (a) &
Figure 10 (b) iZ/RY. F1z, BHEE/ X574 — 9% Table3 itk &»THL. Figureld TIF#nZ
NOBAENOFENHRE L1 EMOBTT oy F LTH3B. Table3icRrLikLHic, BEEDES
a=0314cm, ERDEHEE a=0264cm THY, Inoh SWBEFEOWHR X5 A —5 a—b 2 HTE
THILENTES. BB, HLEEOBREELZRLT, KR0S TRIDICHRILE o 2 5[
510 % KRS EBA OB ERIKICHIRTRYT. a RTOBEEM LI BLEEITLIVTHAS
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Fig.11. Constitutive parameter (a—b) vs. the thickness of the velocity-strengthning layer (4).
Laboratory experiments suggests that (a—5) is in the range from 0.001 to 0.005 which are drawn
by the dashed horizontal lines.

5. (a—b)h OHIfR % Figure 11 IR s, HABEERD O L HEEB/LBNTE a—b 25 0,001~
0.005FEETH B &R ENTHEY (Marone et al,, 1990), D &h SEEELEOE S 13
900 m~ 2km f2E & RiE b 51 3. Hirata et al. (1996) RFUESABA KBFZRRT (1995) 1T & 411,
REAMPORES 2~3kmBELVEVE CATERBORESBED TOE VW ERH SN TV
TAHEDHERLAMNE V> TEVTHS 5. HERRFENBOBAER AR LIIEH LD 130 Lk
A LT D, MERERICIENSHBEMTETREP s LTOREBETIRE VL, —F, EAR
WrBIH DZENL S BEI 78 /NS {15 - MIBHLIRER T H 0, MR K X BIEHEMD S » 72 & & E
ARV, TOFBELESEHEBOREVVDLYWE “BKOE ohichh, 20 &hEBET
DIETHEMZBRL TV 3006 LAV, a—b it LThbhic LT ZNEERBILRD SR TL
PO TREBVOT, FLLEREITELVLY, THEREESEVDOBETEE VLSS, 4%, 2%
EBOFH L O - ZRAHESE  OBICS L THS M NIE, 205 REEYIMEOHIE IS
HEICENCAVWON TR L S 2 T L 25 LTH X1,

59—2D/F X — 5 BIREREDHA 0192 cm/day, EAT0.167cm/day 725, T IHIER
DENEE OHETEE %5 2 553, Marone et al. (1991) 1 & 4113 HIESE 1% B ~ 2 B B > & B3
BITORTOIEWEEHEHEBNSL ONABVELTWVWS, 1z, V, 3EEB T 86mm/yr, EAK
T92mm/yr L8 ->7z, ARB& L7 (MITU) BESHSHBIGEVC EE2E2 2L 2h 5 DffE I
PLREVEIICOEDLNE, ThoOKEOEZEIIFNDOEEIZDE D 72\,
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Fig. 12. (a) Baseline of RTK-GPS crossing the Nojima fault, and (b) temporal change of baseline
components from February 14 to February 15, 1995 (Hirahara et al., 1996).

AEDEA, HBSHREEVERARIEHNEPERLEARD 2 504 THD, I Ih SWiEHE
oM EAYMATREMA I LR OM LY. Ei, HEBEMEE SOHEEBELLITOK
FHIEE R D S DB EETH 5. BlOIIED» 5 RIZEBO & 0 FEH S HERIZERAEREES 72
HIT I, AE@iﬁﬁﬁﬂf@iﬁ+ﬁT@< SRARYDEE D O HBEWER L OYERR S R A
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Fig.13. (a) Baseline of RTK-GPS crossing the Arima-Takatsuki tectonic line, and (b) temporal
change of baseline components from February 14 to February 15, 1995 (Hirahara et al.,, 1996).
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