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Tsunami estimation due to the normal faulting earthquake occurred at outer-rise

near the Japan trench

AEEWEL (tiEERFmEIRFZEHRE Y 5 —)
Yuichiro Tanioka (Institute of Seismology and Volcanology, Hokkaido University)
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Figure 1. Fault model of the expected normal fault earthquake occurred at outer-rise near the Japan
trench. The contours are the coseimic vertical deformation calculated from the fault model of Mw 87
(slip 14 m)
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Figure 3. Computed tsunami near the Fukushima Nuclear Power plants from the fault model of
Mw 8.7. a) Fukushima Nuclear Power plants before the tsunami. b) tsunami arrived at the plant on
59.2 minutes after the earthquake. c) sea bottom appeared on 57.2 minutes after the earthquake. d)
Maximum tsunami run-up height distribution.
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Source process of the 2011 great Tohoku earthquake estimated from tsunami
waveforms and onshore GPS data and GPS/A data
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Yuichiro Tanioka (Institute of Seismology and Volcanology, Hokkaido University)
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Figure 1. a) Slip distribution of the 2011 Tohoku earthquake estimated from tsunami waveforms
and crustal deformation data. Blue star represents the epicenter, green arrows and
black arrows represent observed and calculated horizontal coseismic displacements,
respectively.

b) Slip distribution along strike. Blue arrows represent rake angles on every subfault, and
blue star represents the hypocenter.
¢) Comparison between observed and calculated vertical coseismic displacements.
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Figure 2. Comparison of observed and computed tsunami waveforms

from the slip distribution only.
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Tsunami earthquake
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Yuichiro Tanioka (Institute of Seismology and Volcanology, Hokkaido University)
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waveforms at Honolulu, Hawaii, due to the
1946 Aleutian tsunami earthquake and the
1957 great Aleutian earthquake and the
1964 great Alaska earthquake.

After Johnson and Satzke (1997)
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Figure 2. The run-up survey result

of the 1946 Aleutian tsunami
earthquake. (a) location of the
sUrv ints. (b) tsunami run-
i et ®
After Okal et al. (2003)
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Seismic Quiescence in and around Hokkaido
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Fig.1  Earthquakes used for making ZM AP in this study.
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Temporal change in seismicity. Positive and negative Z-values indicate seismic quiescence and activation,

Fig. 2

respectively. Asperities of the 2003 Tokachi-oki earthquake and the 1973 Nemuro-oki earthquake are
shown in contour (Yamanaka and Kikuchi, 2003).
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1968 E-+BMHBO BRSML OHBEERIAL. BMEEEdRL, FROATFAE, FiES
FEABRIZXIGT 5. 2003 F+BEFHIEBOT <Y 43454 21 & — TR (Yamanaka and Kikuchi,
2003). ALENiE 1968 FE+BHHBROARR L RBOBRSMETYT. KNFEES L— F EEORS
% 30~100km ¥ T 10km ffE TR,

Seismic quiescences in the focal area of the 1968 Tokachi-oki earthquake. Asperities of the 2003
Tokachi-oki earthquake is shown in contour (Yamanaka and Kikuchi, 2003). The main shock and
aftershocks of the 1968 Tokachi-oki earthquake are shown in open circles. The depth to the upper
boundary of the subducting Pacific plate is shown in contours every 10 km from 30 to 100 km. Red and
blue lines in the right figure indicate the cumulative number curves for the red circle area and in the blue
circle area in the left figure.
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=1 # — ¥ (Yamanaka and Kikuchi, 2003). FLENiE 1969 FEALiBER HHHMBOFE & KRB
Bhiofiird. AROMUIEEES, SRILZELRT.

Seismic quiescence in the focal area of the 1973 Nemuro-oki earthquake. Asperities of the 1973
Nemuro-oki earthquake is shown in contour (Yamanaka and Kikuchi, 2003). The main shock and
aftershocks of the 1969 Hokkaido-toho-oki earthquake are shown in open circles. A red line and a blue
line in the right figure indicate the cumulative number and Z-values, respectively.
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Present state and prospects of paleo-tsunami research in Hokkaido
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Institute of Seismology and Volcanology, Hokkaido University
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Fig. 1. Numbers of tsunami dcposit layers between Ta-c tephra (BC 2700) and Ta-b tephra (1667) at
observation sites along the Pacific coast of Tokachi and Nemuro, Hokkaido. Maximum and
minimum numbers in each profile are shown.
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Fig. 2. Relationship between tsunami height and tsunami deposit thickness. Example from the 2011
tsunami at Misawa coast, Aomori, and the 2010 Mentawai tsunami at Pagai Islands.
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Review for seismic structure and activity off the Pacific coast of Hokkaido
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Ryosuke Azuma (Faculty of Science, Hokkaido University)
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Fig. 1 Map of the study areas in 2004 (left), 2006 (center), and 2005 (right), by MEXT (References 1) and
2)). Red symbols denote the locations of the ocean bottom seismometers. Black lines represent
seismic profiles.
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Fig. 2 Left: The epicenter distribution of the JMA catalog and that of relocated catalog by using OBSs
data (Reference 2)). Magenta crosses denote the location of the OBSs and cable-type OBSs.
Contour indicates the source area of the 2003 Tokachi-oki earthquake (Reference 7)). Right: The
hypocenter in the area within the white rectangular in the left map projected on the vertical profile
beneath the line AB.
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Left: The relocated epicenters included in the JMA catalog, using OBS data (Reference 1)). and
epicenters in the JMA catalog since 2002 to 2006 (black dots). Black crosses denote the location
of inland stations, OBSs, and cable-type OBSs. Right: The epicenter distribution from OBS data,
except for the JMA catalog.
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The epicenter and depth distribution determined from OBS data since 2003 to 2007 (References 1)
and 2)). Contour indicates the depth of the plate interface determined from the hypocenter
distribution of interplate events and the velocity structures by seismic experiments.
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Fig 5 The Vp distribuhions above 5 km (left) and beneath 5 km (nght) from the plate boundary that
estmated from tomographic analymis (Reference 2)). Contour represents depths of the plate
boundary (2 depth of 60 km 15 lined by red). Black tnangles represent the locations of inland and
OBS stations used during the analy=is.
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Fig.7  The locations of wide-angle profiles by Hokkaido University. Asperities were estimated by
references 4), 5), and 6). The seafloor topography data were collected by Japan Coast Guard and
Japan Agency for Marin-Earth Science and Technology.
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Displacement Time-Series

Term : 1996/03/21 - 2011/06/02
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NI ZEbE=4 1 7 FEREL, EFHT —Z T FIEOBRR R O 217 9 0
QAFEFE ¢ 1 T KRB U GPSEL « Vo) L HUEELR A kG L Z v E COBUANKS S
ZRENT. P TR - N Y o COEEHEREY) T — 2 T, A OB RKHE OB
HETE, WBISHEEIRAE DN, ISIZAUHEE TIEORSE LISH, MBI K 5 Hh
NS ELE =2V T REEE L, EBitT — X T FEOBIRE LN 75 A
LHEE TRIA~O LR EZ1T O,
254 ¢« v U T MRERHIRGPSEI - U CHIEBBIIRE RN ST b=y =T
W, MTE - VU COEEHEREY T — Z fiftiT > Dl 5 o ER MR O ERE
HEE LHBIEASERE ORER & Ao THERMIE - BB 2 20, kNI )
AT =4V v T FEOMSL, EEFHT — Z T FIEOBFE LY T2 A LESE T
H~DTFIEOWHENT,

(7) “VRR23FEERR DL :

@ = o T COME - GPSEUAIC X 2 Ak

BT ACSERE IR T K 2 I 2 M s & FAE 9 A 7200, 1 o T RREIRIC
JEBH LTV 2 GPSELIIME 2 & Lo by & 7 Hillk O GPSBLRLE N S H e T — 2 D
FENT ZAT o 7o, FRNT AT o 7o BB BIRIE, v o TR 525 7 L — U,
YAV, FETE, VLAFy v i, ERFEHHT L TKIT00-5,000km DI
MEL TS, ZOE, HERHESZSE SR S, b E O ERLSI Zeya (B
JREERE2108km) Th o7z (K1) . B KREVWEMMITY T VAR F 7 THIMIS 7z
4.2cmTh 7o, Fio, 1ZDOBALRICIW TG W EENC K 2 EFZNL 2R3 51
DEREAT FADBIESITND. D ORI, R ES A A2 B
ZTa—=F 7 RENI, H2WIETEINEMME THRECKALEZ Lard L
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THY, FERICEAREETCOT L— MNED » 7V U 7L L DR —F o7 K
WESIZ & TR ATV D ATREME 2 7 Re 4 2 BLRTRUVVEE IR Th 5.

VT VA AR v 7 TI99TAEN B 2009 F- OIS b7 —XIc k5 =2—F o7

7L— MR BN OEE I TEM 1ImmEL FTH - 7= (Shestakov et al., 2010) . %
N E T D LA RIOBNITBD TRENWZ END0nD. ZDX T, UHE TR
A LT HIEE DS, i < BV ikl S F TN A RIFET 2 & 132006 IR TR THA L
THIECHMER SN TEY (Takahashi and Kasahara,2008) , dtE 7 27 s o
7L— NEBIET VARG S ETEBEE I 2GR WVEERTHDL LV S, B4R
ANZIE, 7 b— MERDEE STV D B ARMERRRE > B U g 2 s
TOHUIE CEFIIZEN SN DAY, TREESCHABECOT L—
v 7N 7B LUOMEROZEZ RE S ZIT TODAREENERMTE 5. [FERIZ,
2 TINEINO TR T TV RS, FEACAEICAE LT D IERTE R b [k 72 28
EEETONENRRINDS., INOEEFLTEZLNTELT L= L— |
RAR—Y 7 7 L— MNEFDOET WUEEIT O BRITIE, ERRo X 5 ZE#HE LD LD
IZET LT D0 EMGT T2 0ERS S, F2, EREOBHSICBWTEmE o
BN S TND Z L1X, SRIOHEORAEIC L > TTHEBEICB N TI T v
— MEFHEORE ZRET 2 HAICENFHA Y S22 E2/R LTV 5.

VI VH ANy 7 TORL3em A X U, ZEOBI A TR T2 B2 81| <
NTW5 (K2) . U7 VA ANy 7 TR S Ve A8 il TR A B &
35-40%IZHFHY LTHY, FL— MERTORNT Y OLTHHT 5 2 &3R5
Thb. HAMOWENEZHRO TIZH 5 B~ MVTEE TR s Z
EDRARFEDOKREIZ L VLN SN TEY (Yoshizawa etl.,2010) , fhopPEAEE
R U5 CH D AREM RN D D & DD, HEHKKIS» H & EWRERIZRBIT A
ThbHZ b, BROLMFPLETHD.

BN SN TR E O T — &2 O ZHWT, Wit L OHEE S I L.
BRSO T D TZ O REIFTRLS o T LE- 72D, 1 KDH)—F
D iEEWTE (Matsu ° ura and Hasegawa,1987) % W TR L7255123KkD H i
=MwiI8.7Ch o7, Z DEITEHGPSZ AW TRD LN HIEEE— A hO =53
DO—FEETH LN, mHMOGPST —# %2 AW CHIRFAIMw % PR E BRI A3
ZEIHHTE SR Z R T HDOTHS.

INFETICHI &R E, v o7 R ORI B 2 8 TN & 72 2 [kt
EBNMEOMERF 23 LT — 2 DL -7, 2055, AU AbEoF &
TAEATBRETIIA F—Fy MERHWCEREREEZ BT —F 22y ) o
UL AT TYTNEA LOZAGAIRE AR E ULz, F£7, U UEEERICERT 5
PR tEALMEOEH b o E T 7.

1 L7 MR e A B e AL AR C o LRI ORI BT A EE S A r v
T OWFFEERRR LU T AW RFEEDIMETH LF ¥ v ADON P aT T A7 T
BRfEE L2004 T WS INE A3 - 7=
@ T EIRWITIAE Lol £ 0 B RHUE ORI

WEAE O AT 2 2 L, AT TNHIE CTH 722 & 2B 52 L7219584F
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FRIEHHIB IOV T A 3= 5 VAW TT R BEOMARE Lz, B
WA 3= a AW BISIE135 T DN B RO Kl it skl 8 s (FERE,
PR, TR, S, WEE, B, 2. &)ID, a7 ofiEiEki L1458 (Yuzhno Kurilsk),
ND A F| 70 ERFED B 2 DRt ekl 14,5 (Guam Island,Midway Island, Wake
Island, Hilo) T& %, WilgE 7T /WVIIMEFERHEE LGt 7 v GEI7225 ° , f6R
840 ° , TNV MA90° |, EEROEE37.5km) & Lo, EFEEIIXICRT X 91248
fHo/NWrfE  (F 225km., §20km) (Z3EIL, BRI A o X—Va U 2B TR0
FNBE COT R BAi R, S5IC, 77T AFERICHER L= A L—Y
T ORISR (4 - 4h2004°Babaetal.,2005) 28 A L7z, HHREIEA LoX—
2 VOREREZXBITRT, ATV IFL6mTHLMN, K& To7z

LTI — T CM87 T AL LD 7 L— MERAHEIZ B < B 55 EFIERED
BHES IR OGN, ZOfRERL ZOHMENAT ANMETH 722 L2 AR— |
T 5, M= %6.5X 1010N/m2 & KET 5 &, 1958F I B HIEDO 0 B4 &
DEHE SN HET— A 2 MEL7X102INmMw 8.1) & 72 %,

WEAERE19634 7 /L v 7B K HE O K Mw7.2, Mt7.9) 122U THEEIEE
AN=Va yEEBLTRYESAEZHE LT, LU, HAROBIIFEIERNEL
EIFI R O EE NN LRI CTH o 72720, 3 L < AEBED Rk A VE L,
LN IEMETH D Z Ll diz BT, 7 — X 2 HEEEREA > R—Ta v
R LT, WETT AT A—23EFT=225 ° , HE=15 ° , TR0 M=
90 ° L L7, ZOHBEOERIBIIERHE TH L Z L E2ZIMWEL VDT L — MNE
J350km x 100km FREEIZ14 D/ NETfE 2Bl L7z, /N8 DB+ X1E50km X
50km & L7z, HERIEIEA v 83— a VORERAZ KUY, b K& <42/
JE1313T3.2mD T ™ HEE STz, Z DBATEFukao(1979)<°Beck and Ruff
(1987) 72 EHUBILTEMAT 1> HHEE STV DT & IEFR U7 E CHRHET O 7 L
— MERTHD, SHIZI963FEARE TIIRE 7290 BIAE Lo I LB HEE
ENTW5, LMLZENEITTiEZed, 1.5-1.6mDOKE 270 Nl TH AT S
Nize ZOT R IIERORIFLERZ T 272DI2IXE D LTHMEE 25, U
&0 1963 PR 5 HEE O Fe KRR O BRI IS KV O 7 L — MR A 300kmiz
LIEST-RVEIRZBIE L2 LB 2 ohb, Jhud, EEIEORE 2L S 2
%o HIPEFRA4.0X 1010N/mM2 & ET 5 &, HIEEE— A MI1.1X1021Nm
(Mw=8.0) & #E:7E S 1172196948 H 12 H (& PHE# CTHAE L 7=Mw8.200 7 L— FEES
RUHEIZ OWCEERIRIEA v "=V g VA FEE LT BEoma2HEE Lz, BRI
43.2 ° N, 1475 ° E, B EZ33kmTh 7=, ZOEKRHEIZ L D KEFE AL, K
YERA R —Y VWA Lo, KRR RO A R — 7 WER Ol p TR S
NTZ23DEI T (A AROMEIEEER14 & T A B E2 G T KELED B 2 OIREIFT)
W, Wi/ T A —Z13EIT230%, HRME258, 30 M0 & e L7z, Wr
J& DR E Z1F50km X 50km D/ NETE 2 12{EBLE L7, 25/ NWifE T 8h 4 5
LM B & VR EN N L ERE LT, B OBUERREY, SR RERGE
IR 2 2 & T — R EDOZESETHES FiEZ W, FHE S HRERE 2 H
WTA =V a BB IR0V NEOT ) B4R, FOFERT ) &N
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1mPL EOmESEIZ200km X 100km & 720, FEIRAL T &25I8m & K
TN ERDoTn, HIEE— A2 ME1.1X102I1Nm(Mw=8.0) L HEE 7,
@ T 57 b ALMEE KR R HERE A 1 & 2 Al

FRERTRYE OB HEREY (K 5) 1TV TEEZRRNT CRIEERLER ST, SEA%HE
R, EERENT) A M Lo, EOREFEKoc2 (300FRTDEN 7 HE DT 7 F)
ETac (T00FRTOMEAMEKDT 7 7) OEDOBHEIZH 2 7 8 OENEHERY) (TS1
NHTST) OOAARAZHEE Lz (K6) , HlbdTS1ETS2% &72 6 Lo Hak I3Ak
B K E <, TS3ETSHIT LR OHEIRIT D LB SNBSS ol 2 b
DV L7z, B0« X F Xy o 2 R TRz ISR HERE A 2 S L7, X 7
IZIEE R CORERE R AT, BRI TIEKo-c2d Ta-cDMic4 J&EDEEHEREM ) & 5
ZEDPHBI LT, 4ABOFR THHEREM ORI AN H D Z LB BN TE T,
¥ 72 TldKo-c2 & B-Tm(10004F/17D FEAIL O T 7 ) DRI 2J8 OEIHEFEY)
MAEONS T2, ZIUTFRORER EFRECTH - 7o, HERHEREY 2 5% X O B K
WIZHZORPIZHOENH DL T ENRFTH- XV LTE 72, ©OF V400-500 4FJE
THRATHERMEICHEOHBICKRERELDEIDRHH T LAV L,
@ 51~ R I C OB IEAEE LA DG H

Rk 224E8 H I 195241 HIEE (M8.2) DOEJUKIZIK VT, =7 H v & HlEE
U AW THIER SR 2 FEM L 72 (K8) . 2K240kmORPIFRIZIH > T21H OHFE
HEFHZREL, TOLEEHFATLREDOEESNY v MO T T 2RIE LT,

Z OBITIGE LT 7 H Rk D, ERHEHR A SEAEY , PIEhERNZ S
WCIIIENEREA > 3— 3 L9 (Fujie et al., 2000) ZwH L7-. KEHRIZBIL T
1%, Elf~ o B 7% (Fujie et al., 2006) (2 & 0 KSR OZEM DA 25 Z &I
L VRHMEi L7z AEIDA 3= 2 N K DPIGHEEFEORRE, £9°, € X 14km
T CRISZHREZ (LN R b7z, R CRSICBWT, AR~y B 7 & T
%k, Nakanishi et al. (2004) 2»BHEE S D7 L— MEFUEE LRI THD Z
END, ZOBRSFHEN T L— MERmCTH D LRI 5. HiflHsiI4 5 km/s
DOHEEEZ R L, FEER 7 Bl EEHESEOME TH 5. 7 L— MERE O Fekmic
BOHE 540 L, LAIAATHFET L— FOTRE EAR S5, MEEER
136 7 km/slfELEE A IE8km/s D EEZ R LT 5.

~ v BT ST R O ZER oA & 19525 B HIEE O 0 By A & bl
%, ARBERFICRKRIMT Rofz EHEE SNV TV D EBRICEB N T Lb— MEFREOKX
FERENZ ER Doz, —0, 19TFRELEPHE M7.4) OEJRIEMTIZ
BOTIEHMEICZ L, 19524+ B HIEE RN & ORISR 7238 O SR80 Hi
%, il M EET KO T V— MERmEIIKHECZ LWEE X TR,
FHMNIE LW 51F, 19524 BT HIEE DO BRI & 573w F1E, 200341 HiE
RVITIFRE L EMHIFED L 9 72Wbwp 5Bl OHIE & 135872 50 K2 F5o
AIREMED B D, RORPEICE T Z &1F, Si%EEk CIIt AMIS IR £ D I WERER
2D Lz, MHEHTFO T L — MEAOBEFRGUIIT N E B X HiLd. 195240+
IR I I B R ERE LR DAY, BERHIEE > 7-0ht Lvzu.
@ R =RV T OVFEHIEERIINC K D 2 — X QOFERNTHE R
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REIHTIE, 7 — MERRRHEOFRAITLE S M N ETE B O K22 R 72 22 8l
EIZ DT EEREME LT, SCTRF AR LRI X o CrERF e B s s 3L
R, ARERT L ILFET, 1973FRE i HE (M7.4) OARERHZT D OX
PO TER (T ARY T 1) L ZODIEET10B Z5%E L, 20411
ANSERNZIT > TS, SER23F LT, 23T H I EHIERF D A 2 fE3E
ZAT o723, NM.S05, S06, SIOD3ENENLTE 2o 7c (K9) . £z, FRk214F
6 A I ST — & & W TERIRE 21TV, BAGE R OB E 2 AV C,
a—4%Q (Qo) DHEEEIT-T=. AT CIL, EIFEEE20kmIIN, % &30kmlAiED
HEO ETEIR S DO E2 N KRR« 7 ¢ v 2 — (A%, 4, 6, 8, 12, 16,
24, 32Hz, /X NIg, 2, 3, 4, 6, 8, 12, 16Hz) (2 L, Takahara and Yomogida
(1992) D FiEZE W TQea RO 7. T XIEITEEESHE O EREFDO2EN 6, IRIFS /
A XL~V DAUFITIHETE L2, 20084FE11H9H 725200996 H 16 H £ TOHH
TlE, HMEIEEDEFIECH S 272D 10ELL LOMER N DQez RO H Z LN T
=B IINM.S01, S0202577 172 7=, B57-Qe 1D JE Bk ZNE % [X101C
R ANTEE T, =T — « R—MEHEREEZ LT, Qc 1DBEREKGFES
Qc 1M=Qc 1(Wfn EFFEWE) <TET &, BHENM.S01TIL6 24HzD &%
#HTQe 1(1)=0.022, n=-0.74, NM.S02T/E8 32HzTQc 1(1)=0.019, n=-0.75&
ol ZNHOMEE MRS TRD DIE LT 5 &, BARO NIRRT
DOHIFEN B SINTAE L ITVMEIZ 22> T, F 77, HEETEOENFEF 1TV,
1973FEAR R BIHHIED T A 7 ¢ EOBSATOQe 11X, Z DI OB X
DNSVMEAA RO N, 2D OFERIE, T X EHEOCT I L o TABROMK
MRMETHD.

@ T EVHEIN 7 L — MR OISR

FBHEER OO T L — MNEFRTOICTPIREEAHE T 72012, BB AL
T CRIE SNTCHIEBD A I = X LA LS T Y A X—2 3 U a T L
2o TORBET L— FER%20km X 20km(Z3E LTz, X SICHESHANT T L— hME
iz FONCE E10km & LT, ZORERN S ERRKFIS L 7' L — MR E OFHE
fh& DT AE (A) ZHEE L7 (K11) o HESMERHIE OIS B E.
KIBORAL TIIAE (A) F30ENHL0E LD Z LN, 71— MER
[ CRE R BB N TSNS (Ghimire and Tanioka, 2011) . = DJE D IZIXEE
PR D/ NS W DT D 2 &R inoTz,

@ iR S B B O T E L & 8 5 O Hat oilBicE H

FALH G AOPHEHNEEIREIZ 1328 < OB CIEESCRIFROWNZ L 57— % Kl %
BTz, ZOK D RHREA T D 72 OICBIHIY AT AOTUEALICET D et 217
STz, BARENZE, BRS TSI T 7 BT, RONEERIT 7o) T 4 Bk
KIRIZAENED X5 RELEEZ R Lz, EEENEST OR8N TIE, Ny T
U —OREITH & & 2I8, a =T EREA T Y —BHAAEE L, ®KTH1
HEEEHEA Y > KT a— 2 THRZITWT — 2 2 A N7 —C& HBEANARIZE L
TW5.

RRC R EE G Tl ) 7 o T OEIR b LE R0, TSI L TYH
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[FIERIZ AR L A 6D 7.

O Hat0ORE L LV ST O 2Lz BfE L7z 1 mROT Bt OilREi 2
Bt L7, 2O EMMbESIUE, OF HFHORENE N F RV THAMREICR D,
7 L—{bx BT L NEBLEMEE IS EROMEIZOW T ORI DAL,
RBatle> 7508k LT Y, O AMEER RIS W IR A TRER T —
2 2 BAFTE D AREMED S mV. Ziva: B ARSI S Al C i B ALE 34X, DCHE T
RLERTRE/R BB o — & L TR ATRE CTH D, EIE RO & LFIT BTG
AIRETHDH EEZBND.
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(9) PRR244EFE SEhE Fm O
Onr ¥ 7 HIE T OISHHT RS - 0D > mEE TR HEELH 2 kvt S
BT —2 OEREE T 5 & HIT, MR TUNEE - 43 0 s S T
DRTREMEIZHOWTHETT 21Dy, ST VRS TO b X 0 ZE 72 HEE i o B R s i
WraAT 5 T O ORRET &2 32T 5.

Ow o 7 s e TOGPSEL 2k L, 7 25—/ 7 L — kO REHAITOME S 4
@ékw@¥~&%a%ﬁéﬁﬁﬁékk%:,Hﬁﬁ%@%%ﬁ%f%&?éﬂ
BT L— MMy ) T INYEHIR O T 7 N =7 AT 2 BRI OV TR

AEITD.

OTF-BHN I NTHAE Uil Lo ER MR O RIFGEFE O MENT 2fke L. HEFEW D&
Wit - HERE A £ 7 VATHLY 3A A T2 EERE B R R TFE & ot O ARG SRR IS URRRES
5.

OAbHRE R TEN - =R CHERR SRR A 2 /e L CRE L, T - Ak
T AREPEIN ORI IC L > TE LNV U TV 2 BRI L, B
WA X SO ZHEET D, S HIZH Y VEFERCOEE HERE YRR F B ikt
T5.

OREE - +5mh CHlg M ERAE 2 R 1 5.

OREE « P51 C ORGSR X - MIESHEREIIR R At U, IS 2 kAt
25 FEERRT .

OQUT AMERIFTFOBIRHEIZ 31T D FHC B O EE KT 2 & & big, OF
It D IREI 2 L L2 B — A v b~ 7 =F 2 — RRIEEE FEOBIFSIZ
T PR BT 5.
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RERE & DO ILRIBFZE DA « 47
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(12) ZOHFZER-E (F7-1380AEE) OEkEHYE
K4 - BB TRR
FTIE - AL E KRR FBe BT Bebf B s k| LaF e il & o & —

N4

_:'Quu\; p,

1. GPSEUAIC & 2 s 7 R R & 2 i IR R b 28 B

Site Lon., deg. Lat, deg dE, mm dN, mm

BLAG 127.521 50257 47+1.0 —6.44+1.0
ZEYA 127.286 53.757 14410 —4.0+1.2
CHMN 133.041 51137 25+ 1.2 -674+1.3
KULD 131.738 49236 63+ 16 -794+1.2
VANB 140.254 49.091 ~02+16 ~49409
GEOO 135.052 48474 58+ 11 -11.341.1
KHA] 135.046 48521 60+ 15 -11.04+1.1
GRNC 132,166 43698 329+ 15 ~2024+14
ARTM 132,19 43359 360+ 1.6 218+23
VLAD 131.926 43197 375+16 ~2094+13
DVGU 131.887 43125 367+ 15 ~185+1.3
CHAN 125.444 43.79% 152+ 15 ~6.44+09
DAE) 127.374 36399 195+ 19 1.8+14
SUWN 127.054 37.275 198+ 1.6 1.3+1.2
KUNA 145.861 44035 29+15 97+14
SHAO 121.200 31.100 36+10 13+1.7
BJFS 115.892 39608 33+09 —14+13

2. ABLH A CHIEER 120 B BN S Lo R0 25 )
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XI8. HBe ISR A Sk L 7= JIHR & 1962 HRE1HHIE, 1973 R=E LIS, 1952

A EOmEEE; (Hirata et al., 2003; Yamanaka and Kikuchi, 2004) #1734
ERE DT OITERIE LI IR OALE,

145 146
il
o
o
@ g’ %
“Koﬁ,“‘
- 020
Oo 00 ° (=%
o
& ° &
o
o 00:-Y Zf
o @ §
090
o
9 o
o
o
° o o 0
o
vNM.S07 © o °

YNM.810

5 km
o o
42 o

—

50

9. BUAISAA (Z6) & 2008411 H9H 72265200946 16 H £ TOEIASA (FHHL) .
PR A D REIR X197 SAEAR - B i i EE O, (Yamanaka and Kikuchi, 2004)

104



oot 001

NM.S01 NM.S02

0.001 T T v 0.001 v T
2 4 8 16 32 2 4 8 16 32

Frequency (Hz) Frequency (Hz)
4110, #BLAIANM.S01, SO2OHEREIEH 53R D H 7= Qe- 10D JE Bk A4,

N

I—

42°

[{=]
o

~N @
o o

40°

(2]
o

Angle (v, ")

50
40

30
38’

0 100
Scale (km)

140° 142° 144° 146° 148° 150°

BA11. e KBS & 77— NESRIOSRE & D723 D 4347 (Ghimire and Tanioka,
2011)

105



WEES : 1003

(1) Shutkpas
AbHEE R

(2) BFocifE (7213 8ERe) 4 -
BRI Dokl 7 v v b TOHIERTRE BeE 0T vl

(3) &b PEIEOTRVEFEOIHA
2. 5% - KILBLGHRIA D 7= 6O OB FEOHEE
(2) HUE - KILME KT 2 eI e
(2-1) HEEAE(HHER
U, OFTHEENR O RKIA & REHERTE A O U@

(4) ZOMBh#ET HEHEOHE -
2. HIFE « KILERGARAA D 7= b OB ZE O HE:
(1) BARINE ROV ORY] « IR OHIE « KLBI5
. MRS & KILTEEN O A AEH
(2) HI5E « KILMEKIZ A 5 M R
(2-2) KLk VEfE R
7. v U~ L& - ZEEE

(5) AGREDSMEDORZEHE

JEHEE IR OIEE K LD Y, BT & iE > THZILRC KL E 27 < &
) IRIEWTRE MFER T, WNEEHEII I VT TWNERICORIZEFT L THRAETDH LV D
%@ﬁ%é.:@iiﬁ%@%éﬁﬁ?%ﬁ*%A% I - RN VT T
a7 A N7 40—V RE UCEREBE - BRE BRI - Mk - Mo s) - &
I - ﬁ%ﬂ%-ﬁ%ﬁ?~&ﬂ%%%ﬂ_ﬁé.W@%@Uﬁﬁ%ﬁﬁ&ﬁﬁ
IR EBLERFTEEBEZONDUHEL COT L— D » 7V T ORGSR T
T AT = a AAZOWNTHRETT 51E0, RBHS IR LT 7 THDH Z
&N U~ EiEnE & NEIEORAERRIC O W T H I AN T Vb % B
5.

(6) AFRBEDS)EGHE O
ERR21AEICIBNTIL, OThER~ v Er 7 21T 5 72O DOGPSEIH A 6 SR EEIC 3
WCBRtET 5. F7-, BEFHEBIS O > H1EFT & RHb 32 & & HiZ, 1938
EF%%%%%F%%@%%%TMT%E%%@#% Fio, HEBNS ORLER
DU DU THRES LT 7= 70 8L S ol 7L LR 2 559 5.
iﬁmﬁf %wfi(?%wﬁﬂmﬁék&%_,w%ﬁ FRARH I B W oD
WIZe 5 E\Z K D A L ORI E R A 2 Ehi 3 5. - 7o s

106



BUASRRE AT - BRI 2 M L, "RECHhIVUIREMEEEITH.
PRSIV TIE, GPSBURIZ ke d 2 & & biZ, BifFOES) - BdhET —
ZIZBL TS B N2 O BIGOmIAT DT — X Z Nk L CHL FiE& O fIE 7 v

EVERRT B, 70, 1938FERIEHIEOWEET VOHEEZIT .
WRR2AFEFEIZIRBWN TS, GPST —F ORI A21T 9 & & HIT, fRiréilE 2 uifhE

HERDJRIRIZIER L, MBI TOT L — I v 7Y T BN L= EEEET LD

s 4. £72, 1938EMAIEHERERIEIC BT F Lo Tt a2 I L,

ZDWIE/ T A —Z|ZONWTDIEFREFGD.

R FEIC N TIE, FRLT —# &AL, RN U CHIER D %S

BT HZEERIAL D DT NAVEERT 5.

(7) PR3 FERCR OBEEE

ORI O HG OFi A

E T HEEBEGEONET O F3fif 2 VT, Aty s s o O3 A D REZE 28I
ODWTHFZITo 7. ZOHIROEE, KFEESL— e HRAITL—~oh v
U X VEREI S CWND. ZAROT —H & WIS RN B, KFEES
L— N DIRFAIAE 5 4x1007/yrFREE DAL P — B G AN 7 1A & & DI EARTE S
BT ZERmonTngd (& x0E, Al - B4, 1999) .

iR 21T > -], 7 —# BRI ATEEZR 199640252011 £ T Th H. AR
FENTCIE, BB COEREE & LT HEOFSEIEEL i E. 1 HFRE OB T
ORI L, EOEWMIZBIT 5755 % AJj7—4% & L CShen et al.
Cw%)@%&%ﬁmfﬁ%ﬁ%iﬁiamm&LTU#A%%%ELt.k$¢f

MIEIRABAEZ S S TEHIZBW T v 7 U 7 L TWb I, RO

#ﬁ@ ﬁim&@@7v—b@&ﬁ%h&ﬁ/7)/74@ﬁﬁwm®%@%§
FTTWBEEZLND. KVEEET L— MIFIAAHT LY & BATIZIE—E DL AA
HAEE O ENHEEIINTND Z LD, ﬁ%&f@ﬂif‘é@éihi@Lﬁ%T TO07
FDZERI P — T FEARINZ b L TR TAT E 2 13T TH5. K11 ,*m
Hsk oD Bl S iz & P77 L — MEARIABIEIR 2 W2 358 I & i 12
Téﬁﬁ@#&kﬁkﬁhﬁ@fﬁ@%TW#ﬁﬁ%%Tﬁ.@ﬁ@?ﬁfﬁék,
Kilizay MZZoT- BN RO B EL 720, KRKEAWOT T [REE 2 itk
EQOEEERD. £, EERITBWTHIA UL — 7w Fihz & HOE
MEEORNENHESND.

GPSDOT — & ) BHEE ST HEOT & & i K AMWTOT D5 %ﬁl%lz NN
9. HROTHOGME R THAD L, JBREEI VT Z BRI VT Z 20T To
BTN B W TRIC R E 2RO/ N R T O BB STV D Z L 3.
—J, BREABOT AL, EEOTHIIEETL WD EIITITRARN. 20
AT 21T > TR, O AN ﬁ%htimﬂz BV TM4.0LL EOHIEEIF R A
LTELT, MEIENC L > TESDELS NI AEEMHIIE OBV, LI LR D,
vﬁ*%:~k@¢é@ﬂ%iﬁ:mM%%@%ﬁK%5@%%HE%¢b&Lf

Kbz wvr M- TEERAEL TV D

107



S ORERE, ALHEEHERIC wfk$¢7v~h®mﬁﬁﬁ L VRS
2 IR 722 ONT B IG O R CIREHE 1 VT 7 B RIFEE R VT Z 1200 CTORRD, O
#ﬁﬁ [P LT TOTREHRR) Lo TS 2 E2RIET 5. 2 OHi

IR K AMERAFAE L IR AR & Evy (b sz F&JRFAART, 1995) .
ik,%Eﬁifﬁﬁ%%ﬁﬁ%éﬁ,Eﬂ%ﬁw??®$bﬁm%é?Fﬁﬂf
)kM@ET’ixwb@T%@wkéﬁmﬁ%ﬁﬁwﬁwffﬁﬁiéﬂfm

I E) TIX1938FLUREIZM6 7 7 A DIEFEHIFED Z DIGFTICEH L T4EPEA L T
b\é.

Z OGRIT CERIRINICOT B 2 Z T OV T, KIEET L — oy
TV T OEMBRAREE, HDHWIE, TiEHEds KO R~ h LT oRgRE R
DD E LTHIFbND (F2& 21E, Loetal 2004) . ZOHi CEIHISH S
T WREE RS L IEEIRO 72 KILBEDTEAEY, MR DR & 0370372 V) TV ATREME 2 7R
LTRY, REMEDORFNIABRORERFETH L. £z, @EELHEBINLS
T =2 O CEEMZRBIRZIE L, FHTRS FHO FIRIZOWTHRETZ1T 9 &
TWRH S, HEOT AR THEAMOT A TIZE A EEFR RS 72 OB
1%, ZOHBIDEAMTOT B A PO B2 K D il B 23D A T3 = X LHME T
% A[REME 2 RIE T 523, IHEOHIE @@i%h_ﬁﬁMT&w AHFFECRER L C
WAHGPSERISOT —2 215 L TR VEEMRES 2Rk D L &b, mEOHE
DAN=ALNEERGTT D ERMETH D, £, MEBOESEZEDHRS)
B DFRE AN OV CIRESCERZ 1A & LIZHE R TS LN DT — & & FLIT s
ITHO ZEBEEND.

OG P S#EUHOfEE

ZIETICE &k & ARSI LT 7 N O 7 O AR A L 2 BT 5 729
G P SEMHZBEAT Tk Lz, 209 b 2 sUIZB W CIIERR OEFH LD 7= H i)
FAE LT —ZICRBIDNAE eI L OB Z B L. 2 b7 — 2 13k
FE7 O BAGT 2 JERNE 1 VT Z JEL ORI O AR fiRir iz i CRIH S b 1
EThHD.

O1938F- AR H KT o HiF HUE R A: & WrE £ 7 LV Okt

KIGLHII T1938F- 1384 L7 J A 52 (1938, M6.0) i Mg | 2 £ s % & C it
HYEIC B 2 Mat 2 (M) JALimER SR B 2ET & LR CERE L 7=, 4
EREIY, 1938FICHIBL L= HIEEWE D 5 B, FIBREEAHEORIUZ DN Tt 2 5
fE U7z, PLIEFFED T OB FEENE « HRIEEE - L — X —EREZ L,
FRIRE W IS BN T 35 OFESH FREE ISR T 27 — 2 ZINEE LTz, SO E R
EaBB Il U TEMMZREL, T L —X—%2HW TEROUFRICB W THRES
FEHE L 7=, Wi 2R3 &L 9 iR/ 2y T X MIGRD Lotz £z,
1938FEMTERFICHN - A DFE#RZ b & ICWIBET L ORG2 R AT, BRI
KIRDL~YL & 725 T, iR ORI EEENBIEZ SN TWDHR, FE TSy
WA CE A L 5 27 LV OHEEIZIZE S 2o 7=, BIER I 7= 28 3 g
BT D HOTIH R L, FRBTRENCE S T R0 ED L O TH ST alREME L H D
FAFE LRI ED L D e mlietE b 5 0 THEMRFIZ1TH TETH .

108



OFMEIEHEE DT= D DIRFERIE T — # IS & T80

WMEHIEI I D LT ZILE L TR Y, B RE DS HIER AR L ORNE L7203 A
LRI ELE 52 TV D Z EHB 205, Y23 S BB OISR
FIRHZBME L ERSEAFIE L TND I E0D, 0 OHHIFHIE SR
RIS 5T — % OWWEEA FEE L=, T E THUERIZ TN T — 2 _X— 24k L
TWDHB0FTIINZ, AREMHEAE L0 FTOT —& ZWEE L=, JBEHg LT
FRPEEAI26km, FEALEEKI20kmDEEIEZ R L TEBY, AT TEEOFEBER DS
FUFBABETIE 22, LT INOFRERIZIET X7 U KLz & Uiz
HEERENGTET D, IAVT ITHICIET MXTY, BE, KRR, FnZHRes
DVER ZFE 5 Bk EEH-OTEE, 2%, oy, Wi, 12K, %% < ol
SRIBHI OISR 5040 LT D . AU O HEE O KE /3 1 IE XIS BN 72 & OBILE b
JBBHE I NT FNOKINEENZ L > THTEHINTVA LD EHEEINS.

KBIZIHRE T n 7 7 A VR L. BET a7 7 A VOBEITRENTIL3OD
A ATINFETE D, B 1T FESOEE AR B TRE L, I CTAREI /N
XD XA, F2FH TR COMBABRIN NS ST TREL 2D XA T,
% 3IHREARNTE—E CEAOIRE ER 7244 7 Thb. ZhHdD 320
B A TIIENENBOKKERICI T D EAANREE AT, FRARIRE A, (55
RUREE5AG E ML TN D, ZDIED, 7 M X TV ERIO a X >, o, Wi,
AR, B CIEES O B X ] C iR SR 23 i sh 9~ 2 4 5 BV R B 554 & 7 .

HIVFIZWNTIE, 7 X7V EOEIROMER &1 5 HEJRgEoIT45 C 555
BURE S A2 R LT\ D, VT FRETHEL VT ZNO—FOHIHTIX, (miEh
R 2T, J1VT 7 NOJROWEIH TR K H 2 VIERKD FREIZ L T
RSN TRRBNRE D 2R LTV, 2608, REHS ) HIEE F
FAOEHED, @B KMEOHE L ARHEKMEOHE OB & 72> TERY, ZoOft
I TTFEHNLOBMEGED, EREOnBHOMEE LE>TnD b0 LHEEIND.

TVT T N TR ILPERASCEVK « HE F K OIFERTTENC K » TEOBEIN THh
TWDLZEDHETH D, HMARTH L&D EEKE DR FEE L7 il T H Hi
FRINELALOEIRIRFEAET A DX, HUNEEE O O _EAGERE S M TE 0 KE
R RFT OBV T — ) T INIERSTHTZY, AN OmANGR#E S
TWAHTEDEZZLND.

NT IZHOWRET 0 7 7 A Wi, B EIRROHFISBOHIH T EFHR—E
T TRENVENEEE 54 2323, LIS CIMEER DR AG & 72> T D,

OrfJE Hlsk D 3Vk T FL A%

AAEFENT, R B W CHRP IS T T L 03Tt b 2 T, B b2kt
1 Z FLCSIR TS AL L, SIRL 7 4V — RET U U 7 4772, 3IRTTAEIETE
FIVTHI T 2572 5. fENTHRLPE O MR SKIBkm &8 X 7= 572 0 h HHEHT
TEORNEI S BAL, FAUTIREIZIAN - TITL . FOIRPUE & IR EE SR>
5, 7 MXZ VU KLDOE FIZANL FBHDHWNEEDREDIZIAN 5

BUKIGERIN 2 & A O EMEE S5 . BLl X T2 HEE Ofeskt by 7z
WA B, K4R LTz & DI OE S OACERIE XN G, FRAKE R HEE )

109



?Tﬁi%@ffﬁ‘é Eﬂi@ﬂ‘ﬁiﬂ“(ﬂﬂ EDVRBAE L TV DR D300 5.
PR OET VEIREIZIIMICAP-G (W - 511, 1999) MW=, F£7z,
@wm SMSPC(¢H £, 2005) , [ETHIFREEGEONET F3f#is L OV AT
— It bENZ V.
23 3R
Tio, Y., T. Sagiya, and Y. Kobayashi, Origin of the concentrated deformation zone
in the Japanese Islands and stress accumulation process of intraplate earthquakes,
Earth Planets Space, 56, 831-842, 2004.
JipE SEI TS PR, AL E R AR, 1995.
WNEEZZ N « THVER, MR EfET % 7' v 72 LAMICAP-G DBR%¥E, H#iE, 52,
101-103, 1999.
ARG A1) =,2005, H EOHETLEIHFITSEIS-PC for Windows D Z @ 8 4F,
H AR 222005
FMFRETHH THEP153, 2005.
Shen, Z. K., D. Jackson, and B. Ge, Crustal deformation across and beyond the Los
Angeles basin from geodetic measurements, J. Geophys. Res., 101, B12,
doi:10.1029/96JB02544, 1996.

(8) WH23HFE DRI BIEDRN G DT, WERR2MEEICAR SN E Ay G
- s EE)
KEE A HEER, GEONETT — % & FW - dWHREIZ BT 2 O B O RFZER 534,
A AR50 TRRSE, P-13, 2011.

(9) VR4 =gt oM
OJERIE VT T NIZERE S VTZGPSEL RO T — &% Z W T V7 Z R OFHE
ROTHOIA EHEET .
ORERIET — % % b L IZIRERRIEE T VO TR A 5.
O Z OHUII T Feiii 72 RO EE RS A T L, 2z O BRI EEEZ21T -
BEIRO TR O ZE MBI ONWTT — X 2155,
OLLEZ#AEL, ZOHIIZOT AEF T DS OO OET b Z1T 5 7
DO T LR A bR 5.

(10) ZEftkBIDOZINE KA £ 7 ITEEF4
AEHRE R R BB AR R R K LB o 7 —  SisTE e, AR,
A [ 55 TR, %&%,ﬁiﬁm,ﬁm%,ﬁi%
flFERS & DILRBFIED A HE « A
it/ﬁﬁiﬂﬁ’f’fﬁmﬁ FTEED 7 4

(H) F#:/~A&~yz%ﬁ¢5WwAbﬁ%
B4 - ACHRE KRB STbe it e sk LA e i & o & —

ELP

110



FEan - 011-706-3212
e-mail : isv-web@mail.sci.hokudai.ac.jp
URL : http://www.sci.hokudai.ac.jp/grp/isv/isv-web/

(12) ZOHFZEE (F7-3B80AEE) OEfEHEYSE
K4« ElETs R
AT - ABE KRR F BB R IE R

X1. B S RKEET L — FOIRARIARET VIV HEE SN EEOT A& () &%
KEAWTOT I (FF) Oofh. RI60kmF THREMHAE & U THEE Lz, B3 s
TN ADTZDEMRIT .

-————————aae C T o —
0.2 -0.% 00 01 02 0.0 0.026 0.05 0.1 0.2 0.5
oum ppm

X12. [E-HPFEFREF3f# & Shen et al., (1996) D FiE%2 AW THEE SN EHRBOT 4 (f)
RREAMOT A () #HEDOSAA.

111



[X]3.

200

1500 —

2000 ' '

RS VT Z BN OIRERET — 2 IZESSEE a7 7 A L.

112



144°00° 144712 144°24° 144°36' 144°00"

D=-2.2500km

144°00" 14412 144724 144°36" 144°00"

144712

4. JEFHEE VT T MO = Re AP IS

113




WEES : 1005

(1) Shutkpas
E| RS ENE S

(2) WFgE %é(ikiﬁﬂ@ﬁ)%:
TR Z g % MRS SR O BLHITIE

(3) IbHBBEHOENEGEOHEE -
2. M « KILNBISAEA O 7= 6D OB ZE D HELE
(3)  HUERFEAESCAT - AR & K LVE KGR TR
(3-1)  HUEEFSAE e Timee
7. BT — 2\ XD AT SO

(4) ZOMBh#ET HEHEOHE -
2. HUEE - KIUBIEAREI D 7= 8 OBLARFFE OHEE
(2)  HEE - KLMLKIZEE 2 M ER
(2-1) HUERMERERE
¥7 O T AR ORKIA & NFERER A O Y
(3)  HERFSAESCAT - MEERR & K LME JmfE
(&D R A AT IR
1. FATHRGOI R ORI

(5) AFREDSIMEDOFEHFE

MR AERFCEIUTAT T D BRGNS CBI STV D23, £ R
AL EHAT AW RET UL, WAWARZRZIENTITIW SN, BEESh
HOITZE AR, AT, AbiERER A T BU R OB 2170,
TNENDOBERLHLERED AN =X L1 5T VOSSR Z D X U8
TEATI, TNETOBREFRLZZEL T, UTO4HEBIZOW TR EZ D
Do
A. UL F 1 CEMREIS

ZDOBIGHE, IR CHIRR OB OEZ BT 25 Z LIk VITH D, F0%
AT =ANE UL, BRIk COWMMKOBENC X 5 AL £ 72 1 TREN B
AEEAEIC LA REEROBAENEZ N TS, EHLLIZLTHLEROHHMT
Bkm —H+km Tkl Z 2 B 23R TEIHIATRE R 22 b & LTI S D 0303 e KD
METH D, Rk PSR L it HERICR&E 288035 & H &2 wlHe
ML dH2OT, ERBROMEIHEE GBI L T, ZOREEZHOMNCT D E LI
iﬁwﬁﬁ%?w®%%%w§¢o

TEINARTE A H
Wﬁ%@ T Al LAMABIE T 2 B MBI AT L CREZ 5 2 E 3P4k ©

114



BHIS TV D, dBEE KT T H 200247 5 18 N O MR AE 5 sk CBLRIBAAA L T
%o ZIVETIH, BEOMRHOGEEFFHIC R TE /S, WG T R Uit
[AEHE S D HEUADORIM, £ DOE T OMZFR TOHEMNZEMEIN, KELBIHIC
L0, HEOEENZEMOERCIEICG 2 TS RELZ BHAMICENIT S Z Lick
D, REERE L HE L OBEAHRAT 2 ET VOREEH ST,

C. B & O HAIEA

HIERF S DUV MIEDOFATEIG & LT, EEEEIC B BFENAE LD Z &l ST
W5, FEREEOEENERIIIET M CRGITHIRDOBIG L D1 v 7Y I RB D
NEIDEFEmTDHZ L ITEHE LV, GPSHEE & >7-TEC (MEH) BLUS%E
BEE ORI EZE=2 U > 7T 0BG FREL e o72D T, ZO L9 BN L VK
Hi5E & B D& b & O AAERIZ DWW TN S,
D. S HZEENC L D g 2

WD D EMEEIRIZ LY, T OIS E LSRR DZE L & 7o TRl S LD
AIREMENM R S, FOBUAIFTREMIC DWW TET LY I 2 Lb— 3 U HiThiut T
Do TORMFIZED & HTOBATRE MBI LELELA L TND Z &0
Mo TETz, o T, LMoz BT, BT COISNELED L 9 7a/ 34—
VT E D ONET VHEEZ RIS EED 5,

(6) AFRREDSDMEZ I O
R I BV TR,

A, TEHEHUIBR COHIRE, AL OBIIIIXE | X ke iTV, HIEREHNCHE © E8ho L
2179, Fiz, B, 20 b, B EHISEO RIS IEIC OV TR 21TV, HE
R AR I O LU IE 2 OV Cilgam T 5,

B. A&, EAMUSIZ 31T 2 VHF R R R B E SN Mk L, BELIRO HAr o
BOXTE L BIURIRA = R LDETFTNHE 2R D, Fi-, EbHE RS
ARRIET D,

C. HIERIZPE S BHEfERE 12 (TEC) O LRKRXIE TCOE(\LEGPSHET — 4 %
HWTIRS,

D. JEHTIT > T D HIBE QBB 2 /Rt 9~ 2 & 3512, A OHIREBLIIIT1T > T
%3 IR DEILIZONW T HIRETE1T 9, £7o, MK OMIHERIEZ1T 5,
RR22AEFEIZ BT,

A, TEHRHUIBCC ORI, HIEEA OBLIIXE | TV, HERIEENCHE © Z8ho#LH
119, £z, HERARE O GRS ICOWTRFTETT ),

B. H&., EH, B LHRIZ 31T 2 VHF R B R F B L, (B A 1 =X
WNG R

C. HIERIZPE S BHEEERE 725k (TEC) O KREE TOE{LEGPSHET — 4 %
HWTIR~R D,

D. JEHTIT - T D MRS BB A /e 9~ 5 & 3512, AL OHIREBLIRIT1T > T
% 3R HIE SR D ZEALIZ DWW T S RFT AT 9, IR OMERHERIE 21T 5,
RR2BAEFE 2BV TR,

115



A, JERHUE T OHIRE, HIEEN OBIANLS | S E1TV, HIETEENC L 5 28O BLHI
179, £z, HEFRARE O EHHREE ICOW TR ETT ),

B. HE. EAHUEIZ 51T 2 VHF R ER AR B E ATk L . BaELER O AL 0B
I T L L HIBHR A 1 = X LD ZRA D,

C. HIERIZPE S EHEERE 145 (TEC) O LR RXIE TOE(LEGPSHET — 4 %

HWTIR%,

D. JEHTIT o T D HIRE RSB BRI Afike 3~ 2 & LI, A.OHIESEBLIC1T - T
% 3 I R D AT DWW T S RET 2T 9, F7o, HIBEROMHEHE 21T 9,
SERR244FFE 12 BT,

A, TERHUIBCORIB, HIEEA OBLIXE | Zfe TV, HEEEHNCHE © Z8ho 1
179, iz, HEFRAHIRO TS IS OV TR 21TV, b7 —4 %

FEITHRIZRE S M, HIBENL AL DO ATREMEIC W Tl D,

B. HE. EFMUSIZ 31T 2 VHFR BRI AARRE R BRIk L sl A 7 = X L DfE
B &2 5A 5,

C. HIERIZPE S BHEfERE 12 (TEC) O LR KRXIE TCOE\LEGPSHET — 4 %

HWTIRS,

D. JEHTIT > T D MRS E B 2 /e 9~ 2 & 3512, A OHIRERBIIIT1T > T
%3 RO HIERDELIZOW T HIRETAE1T 9, £7o, MK OMIHERIEETT 5,
W25 FEEIZ BT,

A, JEHHIE COHRBR, HIEEN OBLNIS | ZFE ATV, HIEVEEHNCLE 5 Z28h oL
1T, Fiz, HEFRAHIRO TS IS OV TR 21TV, b7 —4 %

FEICHIRIZRE S i, HIBENL AL O RIREMEIC W Tl D,

B. HE, EAHUSIZ 31T 2 VHF R BRI SR B BRIk L, Bl A 7 = X L DfE
B 257, = OHE T EI~Ow A S\ TRE 5,

C. HIERIZPE S BEEERE 125k (TEC) O KRAE TOE{LEGPSHET — 4 %

FAWTHHAN, #ETE~OmHAMEIC W TR 5,

D. JEHTIT > T D HIBE QBB 2 /Rt 9~ 2 & 3512, A OHIREBLIIITTT > T
% R - SR DA LIZ DWW T S IRET AT 9, 7 — & Z FTS 1B FR O o A]

BEMEIC SOW TR D,

(7) “VR23FE R R OMEEE
A, MR A
3H 11 H OMIERAEL D & IR/ BN A B2 L S e, FRC 20 HBIHIFTCIE
REBREEBNHL SN, SANTHERRERRICES, L bICTRERETH A
iz, TOHBRIRFRIZE U THIEMICRKRE REZEDEH S, ZOZEE)NI3H12
HOTO0EE CTHIETH Y . ENLBRITIRES/ NS < R0 RBIRIC/R 5, ZDOEH)
20 HBREET CBLIH S LN itek & LS RHE L TR Y, HERICE D HE LA H)
EEZBIND, MEMNEIEE O EERTHOT, MEMNEEOI ML E
B OB N THITE B,
B.VHF B aik 2

116



Z 0 HBLAIFTT89.9MHz (tiffiE - TAERFMF) OB ZBHIL T\ ek 2 A,
201046 H 27 H X 0 BB 22 B 5 2SI < 4, 1H Y472 o BEBLHIRER O 11322010
FI0HEZE—27 L LA L, 213201142 H 250 £ Tl /-, 89.9MHzDE
5 ci%?)ﬁfam:iﬁu VA TFIRALER O BT SLRE THRT 12 35 A FMAE RS bIRE SN T

CHUC K DBERPRELE LI EZDLZEHTES, L, 2HRETOE
= J‘aﬁfé BT R & T U, £ 0B FEBIR OMFNZ205 7582 |
2720 . 20 HHE CREBRIICEN S - BIIEESF & ~ 7/ =F 2 — K &L OBIR
Kl LUE, ZORFIEII~/ =F 2— K8 ~9 7 7 ADMBEITHIET 5,

ZORFII2AKLUBT E A CBIS 0 o723, 48 B X0 OB 22 L)
MEMLTWT, BETHEEDSME LT D, LacL, ZoXEENTZ v HELINET
720 CEI & 4, IO T L TV 5 89.9MHz D & CIIBLH S 72 DT,
FAIVDN KHEBIZEMR D D H D E D Do B2, ARFERIEF B TV D80
,ﬁmiﬂiﬁﬂf;m LOHMNZT 7 FZikiE L CRE LR OIS Ma2di~ b b &

iZL7z, 72, 20 b, BE, REHIRCIX10kmIE & ORBE CEELOBIRAIT A
M?: RE L, BEBGOIENY bR & & Lic, &Y A TR0 mII 53
Bab X TWANWARGING OEREZET HZ LI Lz, 20114£11H24H
OFHHIE (Mw6.2) Ti, 20 bHUOEEOY 1 N T11H21H, 22H IZHIRE
IRRERENEN SN2, ZOT =205 B RIE AR 2 TEELROSGETRE O
BT Hikims TE D,

F72, 20 L HEEOFYS ETYOHLRIAS TIX 7 ¢ —/L R U KD KREESL OB
ZBtA U7, VHFH R O R LIMERE 2 4 U S 2 8ELADS EZ2I1C T it
T NAD XS E THIUE, TR KKEL O TR SN D ATRERD 5,
EEEZNFE TITOHG, B ERERE & RKREGEMHER AL NTHIRH D,

F7o, #L, B@%&ﬁfﬂﬁ SIEENDERRIL L CWA DT, RS, B
A R - B BLRLS 23R E L, RMUE & BRI & OB AT\ 5,

C. GPSTEC (FEEfPEl ’Mf%%o DRI
Cl. ERNIE Z - /- FEEEE 2B RO ED R

201 1 H AL G AP R (Mw9.0)IZBR L, HERI4057 /10> b AR L2200
%ﬁ.fﬂiﬁ*il W AET A RETI(TEC) D IED i BSER S -, Z UMD E

\ZEERBE S - EHERANN > 2T A(GPS) D % v U THAARZEDORERAIN B 5
7ebDT, T—HDOAFLMEHILE BICHHETERNEL TH D, REROFTIIKZL
&::czomﬁzﬂ DOF U HIFE, 2004F120 DA~ N THIE, 3 K U194 b HEE B 5 i
HEIZBWTHL REHEINTEY, ERMEICEENZR D DO TH S AREMER E,

/\IEIEE L7=Dix, HEDKIA03 AN AEE » THIEIR A EEEREIC BT 5 £ Tk
T HATECOERTE Th 5, RESIIM R LR EZRESRAT NV EREE O
e KT A7 1 (]9300km) & B < mi (2 ol F 3B 19 % SIP & FES) ASEIR EZ2ic b
5HGPSH TR E < GHETECT2TECURRE), EFEMM BN D120~ T/hEL 725,
ESi /J%%Jr/\ ZHfEN 7 EEEEE T ICTECOARE N A b5, 7BTECEH
(XCID (HiEERFEHEEELE) NRES72RITITEICH EoTWnD, Z0O X 9 e iEE
AIOTECZE(LIZRE L T, #EIZf 9 B4 (UT5.2-6.0) & BRUNTHEE L7=ET L

117



5 DOFEZZENETECD B (95 &, HIBERTOR: S TR IEOTECEE V&
JRUTEE EZE 2054 LT D, ZeBREROXIT26/27TF AR Z VT L Z R T
x5,

C2. FALH T R IHIEE R OB IZfE © TECZEE T DWW T

201143 H 11 BIZHAE LT AL RO EEEMP B IXE R pdl 25 [ S22 L2, o
A I AL AR RIS LS D & b, W KREEE A L=, 2D
T EN I EE E CERIEL, ﬁ%l77%v@%ﬁ%a%t L7z. Z Dk 71EGlobal
Positioning System (GPS) % H Tl =#17-TotalElectron Content (TEC)

Z FHN T2 8UR CF & s ST A [Liu et al., 2011, Kamogawa et al.,
2012,Kakinami et al., 2012]. HERIT X - ThHbkd Sz SN EREE I BRE L, Sl
TECEH % RE7-0bh, yEn - Mk s FERAOMTHREEZR L, —ERH0E
a2 Res—7, &< EHE2EDT, TECHED )L ARG T 285 Roho
7=[Kakinami et al., 2012]. Zi1UZ5| E#He\ T, EBEFRAREK 224 Fi b Lf:#ﬁ?%
100km O #iPH THTECU (1ITECU=1X1016m/2) OTECHEHD LTW\W5 Z &M
- 7z[Kakinami et al., 2012]. [FEEDTECHD 320044F- A~ b+ 7 EithHiE kmn%ﬁ
FIUHETH R o0hoTc. —FH T, THHOBGIIEREORA L TV 1999FH
BFFHETITEN R -7z, ULDOZ ENBEERABICRONIBHTHD L
Ez o, HEOBRMERIIEITOND L EN5.
D. JEHHUIBIZ 35T 5 HiIRE B

TH B ORER RS T, 200947 & Hiths A = Al /ot il & 2 520 L T\ 2
201142 % TlT, BER D8 ETOMER R T NI W Tl E L2 F i L7z, Z 0 ﬁ%
ZWT, BRSSO HREEIR « R DEWICEERT 5 BT Ok EZ2 L
AV Tr—ra o) ZRED Y, B S TKFEEIC EORRE RLNT D
FEEIDNRA L TV D0 Eiim L7z, TOREER, HRIZX > TE, A TH 5 L
BIORS - ffs & OICKRERBTZVRH Y, V=T — a3 UhRITEET N
ETRWVWIENRHONI -T2, 727121, HEESN=A ) =T — 3 VR
FEEB SN CE K ERLOMEA L 132 o A THY, ZOMEEMIEST D &,
FEOKFEECTHE, WEANIHRTETRENVL D LEZZ B, ZERIZON
THD &, 1990FARITHEE STV KFERIL L D b, 200058 -0 T7 53] & 7>
ICREL 2> TERY, FOFE £ TIiENishida et al. (2004) THRE I 7~ )0 IR0 5
EFN LTS L. F2T, Ve — U EST L (IGRF-11) #HWTA
WO KETAVBR ZHEE L, TR E OREREND DA B LT, TOFEE,
T — )V IR AR BN T E I R S — S B B A T L TR Y, FERERIZBI S
TWDKEBEOER & H—T D2 ERHLNE o7z, FHE SN D kG EhE
ROKELELZRIH T 272012, ZOIRREEE L OFAICER LT, Hubmo
BALRZRDIZ & 2 A, ISSIBEGHFT T IR WA G b vz, 7275 L
Z DFREROFENECOWTTEROSRMNR H Y, B SN T KEZLD, TRIsAEH)
S EREAERE T B LTV D EEXINIELWAEELES N TV D, Z0HE
UL, BRI RAGRITRE SND Z L2250, BRS CINEEHT 200X
L, SROBIAFERZHFOVERDD.

118



(8) FR2MFEEDHRICEEDRN S DT, F2IFEICAR SN ERFY Ga
X s ESE)

Heki, K. 2011, Ionospheric electron enhancement preceding the 2011 Tohoku -
Oki earthquake, GEOPHYSICAL RESEARCH LETTERS, VOL. 38, LL17312,
doi1:10.1029/2011GL0479

Kakinami, Y,, M. Kamogawa, Y. Tanioka, S. Watanabe, A. R. Gusman, J Y Liu,
Y. Watanabe and T. Mog1,2012, Tsunamigenic ionospheric hole,
GEOPHYSICAL RESEARCH LETTERS,, in press

ARG - SR - VA =16 - A HE - JHEKEY - R - IR0 - RETE &, 2012,
18 UCHILE O MR UK R b & =l oottt &, ALiE KPRy B Fe s
75, FIIH

HeRE, BOR%E, 2011, REIMOMET 2 —EHIC X 20 askIE ]I, B AH
TR TRE201 14K RS, A32-10

A, BARE, BHEET, 2011, 20 &g CEU S A7z AL HIEE,
S RE D HIEENI AL S, HIERTERGA - HIERE R A5 1300 L OGETES T
FrifE, A003-19

(9)$&M$f%ﬁ% DS -
EHE IR C OISR, HIEEA OBIHNIXA | E &7V, HIEETRENI (Y © B OB
%ﬁoo F 7o, HEIRAHE O IRHUEE IS OV TRETZ1T 9,
B. HE. HEE, HEHIEIC B 2 VHF# B GBIk L, (i A =X
IO ZERA D, C. HIEERIZfE 5 BEEERE 14 (TEC) O Lo R&E oL
ZGPSHET — 2 ZHWTHAN, ZORREHED, DD R ESLOBING ki
T 5,
D. JEHTIT > T D IR S EWBIN 2 fikke 92 & 32, FGOHIRBEBIAITIT-> T
VN % Bk HithE @KMuOWT%ﬁN%ﬁﬁoﬂ%ﬂ@@ﬁﬁﬂm%ﬁﬁo

(10) SERFEREIOSINAE K4 £ 71T EEA
AHRE R FEFIFIERE 6 4
oSS % N v
ULF &G ; A%, BHES
VHF EREREEN  FRaRFB, SARE, ERE, HHES
TEREE A LB - A&, P E
ik %@ﬁm ﬁﬁ* VR, HHES

RS & oIt ®ﬁﬁ'ﬁ
R FHE Eﬁjuﬁﬁ SRR, AR AR - REETTIEN, TUINR B
WHEERE © Hocis

%@k%@ﬁ?ﬁ KA, TEERFPHEHAIER - e c

(11) AP A — A_X— I #E T AR ek

119



HIE 2 | AT WANE Y NE 7 At e e D QR ot T gV ey
Al 0 011-706-4679

e-mail : mogitisv@mail.sci.hokudai.ac.jp

URL : http!//www.sci.hokudai.ac.jp/grp/isv/isv-web/

(12) ZOWFZEE (F7-380AEE) OEfEHEYE

K4 8%
AT« ABE KRR E R Be b B = X (I se @il o 2 —

120



BREE S : 1006

(1) Shutkpas
E| Rl ERNE

(2) WH7EdvE (E7213BUIEE) 4 -
PPN I 2 R B IR DHEE

(3) &b PEIEOTRVEFEOIHA
2. HUEE - KINBLRAFIA O 72 D OBLAIRFZE D HEE
(3) HUERFEASEAT - MR & KM KR
(3-2) HFERERIHTE & 5REE)
A, RS - R OARGEE

(4) ZOhpET 2EdFHOHE -

1. HiEE « KILBIS RO 7= D OBLIRFZE DO HEE
(3) R « KILBBICEAT 5T — & N — 2 DL
7. OHE - KBRS OREET — 2 N— R

(5) AFLED 5 »r FEOR|EHFE

BUE OB AT OV I i TN RS 7 — 2 25 D HEE S5 HUE T E £
TNEFRALTIThivs, LovL, BEMT Y OMEMRE S, B ORI HE
W ORNENS TRT D ENHELWGERD D, AT, HENEET VA2 M
WAHDOTIER L Bl SN EETE) O BEEEEm A 2 HE L, RS2 Tl
THREEZRET D, 6, VT NNEALTTHELITD DI, BLAESE RO
HINE & HITHHEE 2TV, R & O TR 2 BRI dGE LTV < FELBRSE
T 5, BBIT, BERHEHER AR FRMGEE BiE L. B E L
TR B2 EET 255038 5,

UTHIEEI 6T L ClE, BT L7 — A & LT 2003 EHs B OB R A U 7= HEY

FRRICINE O E T ERA D, Z OHEBITEE Sy — 7 VR E A3 E S
TWDIEFTCRAE L, 6 OEEEF CHIEIC X 0 B4 L= ol n il s h
TEY, FEOZLEZFHET 5 ECha /el Ch o, ERBURE R & O iRt
(2L > CTHEER Z bl L7z A s 2 R IR E R S HEET 2 FIEEZBR L. Z oMt
R X DS & T AT O,
EHREE OFET )V — A L LT 2006 FH T HH-EEIC K - TRAE LI HER 235
CHARNFETOWRE T ZRAD, = OMEIZ L DER I NOAA - PMEL 73 K FEE
CRRE LT 7 A NEEFHC K> TSN TR Y . KEEEGRE L CTHARDEICH
o RAT T I HRE e 2 R FEOZ YL MEZFHE T 5 F O el ch 5, =
HIEEE 2o G & U BRI 0> O Vi i A8 8 A B | CHEE 3 2 A& BAFE L. 2006
T SRR K D HRE T IR 21T D .

(
(

121



E IS, ERED 2 ODOEITK U, HIFRFE AR A NHES 1 M RIRIC & bl
WBLHIR TR S AU 725 T A AR FE COEER I & THIZ ATV, £ ORM OB
THERER 1B S D S TRl 2t L CTIT< FEZ BT 2,

(6) ARFED 5 5 HFHE OB
21 A
VT HIEEIE 16k U B AT R OBIEL I 0 DY A8 2 T3 L, 38 CToEg
& TR 5 FIEEHET S,
22 HJE
BR¥E S 7= FE% 2003 A HIEPHIEEIC L 0 FE L8R I L, EBRoEE T
M EYNC TE D XL HET 5,
PREESS
o HIEE |2 56k U AR C OB S 2 S AN 2 il L, B AR COHY
Wz T 5 FEERRT 5,
24 HJiE
T IR L ek U BRSE S AL72 Tk A 2006 4 H 5 PRI 10 5828 U 7o e o
L. EBEOER TRINEYICTE 5 X 2 8ET 5,
25 H-JE
FHNCHEE TN ZAT 5 72012 HERER 1 RBHAIRE R B BRRIC T 2 88 LTl
FEEHT D,

(7) Rk 23 FEEERCROMEEL
@1 T IM) LI AT 72 2011 A HALHILG RSEFE T HIER OO FE IS AR R AT
2011 AFHALH G RO EEHIEE O EJRIR R & T — % - GPS HisAA 87 —
H o WEIEHRE BT — & & W TTREAT L7z, BRI & U CE 3R ET
(TM1,TM2(3E 5t K% - AL k%), KPG1,KPG2UJAMSTEC)) ,GPS #Htift &t
(GPSB802, GPSB804, GPSB803, GPSB806) , DART-NOAA(21401,21413, 21418,
21419), #dlEeEk (2 v b, #x WA (GS11), FH(GS19)) Trosk S 7z
BEMH+T 25, bk GPS O ERMBRA LB B EZHEIIX 7 I2RT
(JPLftp://sideshow.jpl.nasa.gov/pub/usrs/ARIA) ZfEH L7z, ZiUIZiE B
RITHMBL U 72 iis GPS HERE AU o il 7 — & Geavh 1, 2, ‘=i 1,
2, T, W ERELT) B Lz, /DEEITE S 50km 1 40km & U 45 {ET)E
m BICELE L7, 1T 202 ° ICEE LT, BRI L— FoBRICh» TELS
72, GSP 7 —% « K GPS 7 —% - ERIEIT — X OfEkEA L N— 3 T &
NEINTEDOT XD EETXVMEHEELL, Mo 3—=Va i EoRT
D&M 1a iR, KT 44m DT BEPRHEE S Rk bHHEL Y TH 40m
BHZ DT BENHEE S, HIEEE— A2 T 5.5X1022NmMw9.1) & H#EE X
Nic, BFROBRIFIEFICE S BB STV D, WEEYE TM1,TM2 <° GPS
H R GPSB2,GPSB4 (2R BN DS OHE X EZH A 2 Y 72V, Tanioka
and Seno (2001) 3B ¥ = et HiE o0 HERGRZ AT L2 W T il e 5 0 N > 7 2

122



N> TRIOHEFEM DL L DR EFTR LA =V a VLT, #ER%E
B4 10 127, X 2 (BRI T & BHRLEN I D ik 273, B oL 139
R ESATET LD EFELGRBHATE TWADONR S0 o7, EEEOEIE ORI
HIYE =R MR OB SR X < 7o o T2 HIR & U TIRE SN IR O RN H -
7= Ebhs,

@2011 4 HALH T ASEPENMPHIE O s K OV HERE A

2011 AL AR HIER OO HER O ERER K &) - HEl s A T E o KT
&U%@%%#éﬂfﬁﬁ%%%bf“éﬂ Z 2 CIARRE R CIEE L 7 A
FERZTEEEDD (X3), 21X 1896 4FBATR — Rt R 2 & 2 Hu s
& 1933 FIEFN = [ethEE _;5¢&@Lﬁ%éb@frﬁ' A RIOER IA T RN+
T 30m ZHIXDHHER LS TND I ENDND, IHICERESCHEERTEH 20m
VT DB & 72> TRV . BRI =Rl L0 & IAHIPH CHR AR E < 2o
TR0 D, S HICHECER CIEARIOMEIC L DHE9 L0 &G0
RO ZFEE N R E N2 E LN > TE T2, BB ESEICLY ., £+
DRR A SN T AUNENRG S,

2011 ML T AP R @&&TR&Lt%@%@ oA, JEFE, HEREREEIC
OWTCHEMZR AR Z B 2 e o7z, AL, FHRFE SR, BLO, AF
WA B KEBETC, 725~ < BERDIRREIC ﬁb\i@%f‘%}%ﬂﬁ L7z, Fieo ko7
BRI BN o2, 1) BRI L X872 T, W ECE R E DR R
ETholz, 2) BHURHERMIT, REWON %f§<%ﬁbf%0,§ﬁﬁﬂ%%
b EBEIT—5USHEL D0, BAKBERETHOMRT D,

3) MEMHTIZRE ST WHIER 20 b, R HEREY) I3 < A
KTHD, £z, HAAITEIRE, B, BEORWHEKEHL &, BE iﬂﬁ#é
4) EREHEREII IS T, WO OBBEIL UGkt 35, £70, B
FEDHIMT D, 5) B E L, HEWORES « KiEORIZIE, BERBRIX
B2,

@ B 5 KHIEEC X 2 B b = BIREHE E 1RO B %

FACH G AOEEM E R HE O 2521 T, BEREEO TR, HER A HHE
Wil EEDOTFRETY T NAEA LTTTL2FEZHBT L2 ENEETHL Z &
ﬁ%%ﬁ*@otoﬁtﬂﬁﬁiﬁ%ﬂ (K DEE W EE oA e T H B0

E&miHHﬁw&ﬂ%®%@%i?ﬁ%<iEO<oﬁﬁnfiﬁﬁ%
@aﬁﬁ&iofﬂ%)7»&4Afﬁﬁﬁi%&ﬁﬁﬁ%%ﬁ#éi&@ﬁ%%
A LT,

ARFETBERHEOBRDRE S LFRHZ 1) W 72— XEFH LA 3 —
Val I LMEA =L c HIEEET— AN B huA REHEE, 2) ETNE
JE£1Z Hanks and Bakun(2001) O W CHEIR W & g L=2W Z DIk
JEET VEER. 3) HEEWTEET L& I CEE BB R 2 S50t L, El g -
EEW EEETHT 5l L, 2NDE U TAY A A TEET D TEEZRRL
7o AFEZFACH S OEEERMEBICEA L. ZOEMEZ TG L=, £,
B 5 I F-Net TEBUIIS 7= W 7 = — XOHIERTE 10 BLA 2 VT b

123



AN AL -HEE—A bt buag REHEL., BiaET v E2#HE LTz (K
4 )  EFTH 221 FE LD UEBROEITN S T THEE 725 Mw 13 9.0 & BA4F
(ZHEE &7, IRICHIEEFS A% 10 o OMEIRE (18 MR % AW ClRERIZH
BAN=AL - WiEETNVEHE L (K48F), 17207 E, Mw 1% 9.0 & gy
B 7efER—NE O T, X4 I 2 & O 7 69 BRSO MRS 2 - fif
B R bR TR, X5 I2IEK 4 THEE ST 7 L0 H R —RERT TR S
T EER W B E HE R A R, BT O T D BRI AR 5 AR ORI A
T FRMTCIIER M s - EEE s & Bl NEZ e > TV D 2 E 3 0n D, Lo Ll
ERA 10 0 OHERE 2 O T2 fE R Tl bbis iy BT < Al Bk & dul s 2 7
HTETNDZENGND, IEEETORELFERETHT-, DF0 ., SEOH
BRICBWT O IR A% 10 M ORI 2 25 2 & THUSOHLE M E 4 Hrigir
EFRSHERTELZ LB 0oTc, R EY TV A AT RIFIED A IED i
MO BTz,

(8) ¥k 23 FLE DRI BREDIRN G DT, pk 23 FFEEICAR SN EREY) Ga

X mEEF) ¢

[1]Gusman, A. R., Y. Tanioka, and T. Takahashi, Numerical experiment and a
case study of sediment transportsimulation of the 2004 Indian Ocean
tsunami in Lhok Nga, Banda Aceh, Indonesia, Earth PlanetSpace, in press.

[2] Tanioka, Y., and A.R. Gusman, Slip distribution of the 2011 Tohoku-oki
earthquake, The 7th Taiwan-Japan Joint Seminar on Natural Hazard
Mitigation in 2011 ? Typhoon MORAKOT & 311 Earthquakein Japan, ed. C.
Shieh, published DPRC, NCKU, 1-9, 2011.

(9) Wk 24 B S fEF m OBEEL

W7 2= XnHA =g VKD ELNOHEA I = X A HIFEE— A M
s R DWIEET L AVERL L, RSB S U2 R T3 ) 200 A0 12 Sk
S, BRET N AYGEESE, HUIROEE M ik - 3 EEoHEEREE BT 5 FiE
DBRFE 2 Fhid %, A 1 50h UATE COBLIIERR ) b iEm A ®8h 2 Tl L,
H AR e COEE I & 2 T3 5 FEABRR T 5. SR Ikt U CI3BllEns e
BB HAR~OESE 2 T 5 FE2 B L2006 Frif TEHEIC L BAE L
B IZEH T 5,

(10) FEhERERI D SNNE K4y £ 72 1T EHE4
A BTIAR « PR —
RS & DILFEFZE DO - A
HURR T HIEE Hn%

(M)ﬁ%ﬁ:/~A&~?:%ﬁ¢éWwAbﬁ%-
WL - ARRE KRR BB = I se @il o & —

124



Tah : 011-706-3591
e-mail : mccopy_mm@mail.sci.hokudai.ac.jp
URL : http!//www.sci.hokudai.ac.jp/grp/isv/isv-web/

(12) ZOHFZEE (F7-380AEE) OEfEHEYSE
K4 ﬁ@ﬂ% THER
AT« ABE R RGBS b B = A (U se @il o % —

) No Additional Uplift b) With Additional Uplift
a

Ship [m) Slip [m]

45 2N _(73_ — 45
.. (&5 P,

A7
40 F \~J i 4ac

.
35 40°N J‘ e 3¢
&

30 of /QM/‘“ 7 3C
25 350 {;/ ( £y 28

42°NF

40°N

36°N 15 36°N
(‘ -~
10 L~ 1c
o
.i
34°N S 34°N % I 5
, » P TR N W
138% 140 °€ 142°% 144 %€ 146 °6 138°% 140 %€ 142 144 % 146 °E

l1 B & GPSEL « WEEGPSENNC X 2 BRI A F ORIEA L X— g v
Z RO HEE U201 VAE AL AEPEMPHE DRV &40 An (a) & UEHETITEE CoOHE
%ﬁ%@%{ﬁ/%%f@? L7=9 Y &54F (b)

125



Elevation, m

X 2. HHEEIEE TOHER OLTE 2 B8 L T2 56 OBIIERNEIY () &

% OFR) DLk,

BNONBO

Erimo

50 100
Time, min

126

GPSB802 GPSB803 GPSB804 GPSB806
8 8 8 3
6 6 6 2
4 4 4
2 2 2 1
0 0 0 0
2 -2 -2 1
0 25 50 0 25 50 0 25 50 0 25 50
™1 ™2 KPG1 KPG2
8 ) 8 ¥ 2 E 2 -
6 6
4 4 1 1
2 ; —/\’- -__/\tq
0 0 0 0 "
2 = A -2 i “ =1 L ‘ -1 x 4
0 25 50 0 25 50 0 25 50 0 25 50
D21401 D21413 D21418 D21419
2 22— 2
1 1 1
1 -1 -1
50 75 100 75 100 75 100
D52402 Katsuura Ito Mori
2 2
1
0
-1 -2
200 225 250 50 100 50 100 100 150

AR



T 10
(m) sl i 1 1 i "
491210.401210.1401 2101 0
G5 BB | AR

[X]3. 20114 B AL ASEPETR IR 2 2 2 H0R_E R ASRE B & 18964FBYA — FisiE <o
1933F=REFN = e & D i

127



40°N

38°N

36°N

Lo _j' WCMT, Mw= 8.99

",
RO S

i g

WCMT, Mw= 8, 9
(5 minutes)
strike/dip/rake :
221.1/24.2/137.2

WCMT, Mw=9.09

}; >~ (Final solution) (10 minutes)
= strike/dip/rake : strike/dip/rake :
199.9/13.2/88.9 207.0/17.1/89.4
L L L 1
140°E 142°E 144°E 146°E

4. W7 = — X% AW HEBHRTEA v —2 a L OfER EEE SN WEET v, ik

@;’cﬂﬁ%%ééz‘»%5/‘F§@i&%¥ﬁﬁ%ﬁﬁm@&*
FAWTHERE, FRITEHER 2 50 THEE,

128

FITHIER A 5105 O ER T 2



o
—

4283(.: 00
Tsunami haight (meser)
| -

428 ZOIOD

Azawlao

42‘600.00

4283000
2

Tsunami height (meter)
Py
=

4282\20(2

4231000
it

428301CU

537000 538000 539000 540000

& i

g
2

: |

g

&)

g4

§

4230(230

T T T T
537000 538000 539000 540000

5. FF =REHT COHEGH B RIEER, a) HUEIAEN 5 OMERREI OHEE Sh
TWIE 7 v GEFR ST B i, b) HUEFEAED S 103 H O MR
I DHEE SHIZWE T 7 /L0 BEFR S 7ol B & R, o) TR b & O 7o
JEE TV DEHR S AV EEEGH Ik & RS, AR AL T R R o0 R
i

129



FREEE 1007

(1) Shutkpas
E| Rl ERNE

(2) Wt (EITBRER) 4
AR A A Bl & U 7o A BRI 30 1T 2 IR e K F AR G O RRRIEWT T

(3) IbHBEHOENEGEOHEE -
2. M « KILNBISAEA O 7= 6b OB 7E D HELE
(3)  HUERFEAESCAT - MR & K LE TR
(3-3)  KILmE kAR
1. WEKOHER L ZERMEOHE

(4) ZTOMMPE D EFEOEA
L HE - KIWBR TR 7= OBLBTIE O HEME
(2) HEE - KIUBRICEEHT 2 TR AT LADOREE
(2-2)  KILWEKTFHIT AT L
7. KT TF U A OME

(5) AFED 5 rFOEEHEE
AFHEIO HARIE, AER2000458T LA R4, A—V 7 ERE L Bl b LTI
JFERRE 22 FP R SO R 28 ) 70 E OZ I BB ZATV, BA~Y 7~ &R d 5
LB, KRKUER DORAGOMKIEENZ IZIEZE LT BUKR D IR Z RREE L,
TAYA NEA~ T LD R— LMK OBRZRD, ORI TR OEEE
HEDHZ LT D.

(6) AFRED 5 5 FFHEOBE

2009 FFEREDFHEMEEE ©  IREEEE OAFRBLA - BRAIZSEAT LT 2000 4587 LMK vE
HEZITVY, 2000 AFHLCHEIT L COAILBOBINANR 21T o . El-FamRaE L
T, A=V THET — X ONTICHE L S HMRAE, MTRE, RSoKE
B Eamn 2L OTE HAIHMEREORIET —2 DIUEZITH . S HITA—
VU THREOREG Z AT 2 2000 A8 LHUS O N ES OIRE A HEE T 5 729DI1T
IR 70 CIERGE R A HET 5.

2010 FEOFHEME : TV E COBIHNIITCHBRRERE R 2 251, K& EM
B, i BRI, MRS S OKYERI &, R EIIE, In-SAR
FENT) ZATVY, 2000 HEHTLE FOBEA~ 7~ &5 X B DR IR O E %
FHRNTT 5. BB A FEhi U T OIRE DA 2 HEE T 5. 2000 4871 L Hiek © 920 <
Nz MT 3RE - EBREEZSZZ I L6, NLTHEOHZEEREZITV, D
AKESADIER Y ZAEHRT 5. 2ERITIH T > T U728 - B OfTRE 5

130



iee L, ERZRESIR E2ZE LT, MHMR A IRET 5.

2011 FEOFHEMEE : KIUEHO5AR & BUKROFENEE SN DHHEND
R 200mETY A Y —T A VTR L VAT 5. D%, JEAL L THREZITV,
ZOfNTE TN 5. Fiz, A=V 7 a7 OKIUHERN « S0 T b
KIBIECME AR DRI OWTIRETT 2. a7 2 FEm L, MBS
U CHELIHID HHEE ST A& O FRNT 217 9 .

2012 FEOFEE . HHIT —Fh v T o T AOMEEN) - A AR
ENZFEDWT ARy ha T 2B LeN HIRE 200m22 5 500m % THEHIL, #EH!
T HRRERE R EICESOWTHHE BT AT S, gL, 27 - T o
VT AOHME T - BRI, 2 7SR, SEICIS UL OHEE S
WG DT 21T 9 .

2013 FEEOFEME . BkKEBR7 EOFLIENGHI S, HEK - H RO - 4y
WradT o, 2R BT 23070, KA - KIRBUAZBAA3 5. #RHEIT—%, 1L
FHVE, MREMATAER, BKERER, HiEK - TAOOHTRERERE L, BEFOLLIF
BELE B, KRAKUBEREOFAESEUKROREICEIRT DEEKERE (&EKES
AT KREE DO KIRER) 2R L, AR ESGORESLE A~ 7~ OmELRE
ERETT 5. £z, BHBEISICELREEIRD FEDE1TH.

(7) PRk 28 FEFERRFL O

ARSI IATRBE O L & 729 1EEE 500m SREEEA OVIFEEIZHT- 0 . FE 200m E
TRIEZATHFHE CTh o7, Lo LEWRKE T 1% O LRFLCFE P BR 4k ke D FLPIR I e
TR BT ERIMEE R O AR RS I A EHI L 0 b, REE 500m E T
OFSERA & U CERT 5508, #iEH TREAGHN T, K0 EbE T, A
%R T D 7o DI D 72 WEREER A GRS 72 5. 2 2 CREEREI IS FE &R
FEFEOFHE & AW CEMT 2 2 LI L, SFEEIIVERE £ TGO N THIE
PR, S EE AR 28 PR SR SO BB 7 — & DT 2 D 7.

@ \ [HUERA

PRAEIE 2001 A & [FIRRIZ 2000 A48T 1L A R arg AL BT~ 2 R 2 3¢ 1 15m[Hig
THUEF 2 3RE, A T~ FCRIELZ. RIEMBIZEITET 100m, KEHETIE
30mMRETH LK1 C). JEIHETITES SOmFLE £ Th P MG R b
72X 1 A). 2001 FORER L b9 5 & 2000 487 LOALAE (A FEIE)SOME K 1 4346
O R 100m B i), 35 L O o D EE), 2000 FEHT 1L O RIAE(C fEiE)
T PG OBMMTED ST, 722> CTh B aEE D s X IR EE S E% 0 D
W E DILREO NI SH T2 HFNUTATICALE L, —DOWRBRRE &3 2 5D [N
FRIZETRATND Z &, FIZ 2 DOMEBIC DI TWD Z S lTaHA =R L T
JEBNHEIT L2 LA BESE D, [FRRIC A SEIBEE B T oM BRI IHER L 7-M
HDOEENFRK EZZ HND. 2Bk L D fEIE ORI IR A2 #E L < |
SRS .

— 05 BRI A SEEN THEC, A SEIROAANCERO bivd. 205 H A fElk
JEA1E 2000 FEHT 1L O IFED S ILEIZ 23T 7= B ¢ Bl ISR R 2 5210 C

131



WeS, ENDTEREOMATE & bITiifE L, ZOFRO#ER T2 & LTwn
L0 Lt A fEIEk FEBOMEIK T iX, £ OWG OIRWEIFHT 2001 405
2003 a2 —7 & LEEREAEEORKENED L TE Y . ZHUTBR L72BUK R
DOFIERDFE L TWH A0S LivZau.

FOHE I EAEDV D 2 W G TR AR E B 72 h o 7223, 2001 F-O K
Wit 2 & AA7E T 2 AT AME R 50m i KOV F 50mAFiTiciBd Hivi= (X 1
B). 5O HIE 2001 F A THFROAL53 TIHRL | BIFROR ¥4 TIEFE U
TERREL 2o TWD L HICH A 5. IRROAL5y O S T E & O A
FEIN THEIZER D DAV D MR T 27~ 35, o1 B sk oD 8 s sk L s
Je Uy RO —BUTHEREEDZ(LIZER L TV D O0s Ll T HDK
SHANTHFRO AL 03 Tl B & RRICEE S . HRE 0 TIlE—8 L T b L H 1T
ZDMENDBRKE V. Lo L, KEHOBEE S mOZEbiFRE <, alRetkidiEf <
XD HDDFEMNFED.

mEIEZ L & BIFERC B OTEENZRIR L TV D XD ICR X 2263 & 2 K,
SRR A b H 0 . EEEIC oW TR, REEEE RS A2 Ik L CHBEATT
INENRHA .

@ K= R 2 il Sl &

K ILTEE) & BEREAR 22 - UK ARV AR AT I DWW T HE B e Bl 7 — 2 B L OV
2—VLETAERWTHRETT 5 & &b, EBlxoa VT > 7 OREE R/NRIC
A 72D BRI Ly O A2 FIREE 35 2 L 2 B L TR SN IERAR M =
vha—WEEEA UC, B £ TTE D2 10 AR O IR IR R 28 b D Fcks
EREE-(X2 A). HiZ, o ci s iaicegEgEns 47—
va VIR KD RN OB EEAMT )~ VEATIC L > CRHMI L, & O FIEH]
TERAAERFANICE CEH 2 LR LTz, 72, MEEEICRD=Hm )y ¥ 7 v g v
Tl CO MMM AR K5 BT A 70 HURE AU I R 8 S B ) 72 MR A S s
ML E R Lo Z — R L, Bl @) 7 v a U EToOZESUEETY

BIRERENE LN TNWD Z & &R DT,

W A S T IRF T ZR AKX 2 1T 2000 AT Ldak,  (LTE K AR K OWEFETIL o> 3 Hi
W AR 258D BTz, ZRHITWNT b EEHITE 5 2 5TV g
efdm &R L, 2SR ED D OHEE D ESMEZ MR L72(X 2 B). i T
ORI Z BN, BBFETLER L7 &, FEROBLRITIZH HAL TV 7RD)
STGANC L RIERZEZ B 2 2LV RB STz, T b 13 EBIHISE TR+ 2
VENRH LN, JERR 2 b —/MEDBRREOE S Z R L TNDHEEFR L.

& 2 AT 20 A O KIEEN TR STz R— A0 KD D720 T, 1910 FE DN
KA U =B UAHTIIIE B2 BUEERD b e o7z, Ziud, # EEHIC
EDHRBILTVND 2000 FHr L TOHBLRZAL SR & & ik L Tnas Z & &
bbb, BAY IOV A ARmEARREE B 2 5 5 2 THBRZE .

NLELNZREE . AERILTHRFMZ AR T E 72 2 & I3 2 b O I
BT 280 K LSRR EOFINE « ERMEEZ S OICHERLOL L. Fik
WO B TIZ D > 7203, PR R = v b v — VR85 72 Mg S RE R 28 (b & R

132



TEXDHAREMEDH S Z & LRI LT,
@ L1

WA |2 520 U 72 28 FR RN BLRNSOOK BV R HIC K 2 7 RBLI O fif b 2 D
% &L bz, BFEOBNRAIT — % % &1 T 2000 487 LR LY 1977-82 4EmE K
DIEBNH & 72 o T2 IUTEENIZ I 1T DB R ORRF A BEL L | kA B 270 o7
(= 3).

FPIERUC L D HEEIZOWNTHD L. 2000 4FHT L I kIFEK EEHZ D
ERIL BOOMW RifE TH o725, 9 10 T IMW U FICE TR TF L7, —J7,
1977-82 AEME KIRE) CTIUTEAK A JFIZAE U2k A S OWERIZ X 5 iERIL, 15 8B
TN D 2B E— 7 TR U D b O OIEEE AN S 10 4% TE 24 1I0MW
ZAREEE L TV A, A CEENIME R S DO BEADRAEZ I b ENL TV S, 2000
AR L B O S S T I BB D DR LR, 2003~5 % &' — 7 [CEGHE)
DAL T A2RET 25 X O ITHANRIE LisHT-. 202 L& 2006 F005 2010 40
FUCHEVE DS R L 7o 2 & 2B bE 5 LIEG N D OFERI T K DOYER & &
HITHIRK L, 2003~5 FF%& B — 7 \ZNTEIR U722 L % 2 bR S, ZHUSk L
1977-82 fEDMEKIHEN T UK b OEET, BAIFEIRKRE L TobHR
30 3% L 72 BIAE T H I 40MW Z k> T\ 5.

ZDXHITHERIC L DR, MRS OEGE &b ILTE K ORI T
2000 AT LML TITAEICIKR R L-. oK E L CIIEmEVEEi 25X 2 28 A
~ 7= DEN 1977-82 4EME K LV & 2000 4EME KD I D72 3 DU NERIFRE T
HoT= LT B EBKIEER Y AT LDOIEDE N ENEZ LA, [k Tt
LA R L £ o T, ZORKOFFELED HMERH A ).

(8) -k 23 FE DRLRIZBEHE DR S DT, FhL 28 FLEICAR SN FE2EY Ga

X - HmEEE)

EARE - FHEHART - I IE « KEGKHE - /NMUSER - E 2% - 89REBE - AEK
ILZE g RERE 7V — 7, 0 R L 25 PRSI TR S V- B BRI D 2RE )
oAb H A HIERECE R EE S 2011 AR TR, 2011.

RESLE - HI 8« AT - V6K ¥ - AR, AERIL 2000 8712300 5 A
THEEDRE., AARKIFESMI RS TR, 2011.

Hashimoto,T., M. Utsugi, T. Nakatsuka, S. Okuma, T. Koyama, W. Kanda,
Temporal magnetic changespossibly due to cooling magmas as revealed by
repeat helicopter-borne magnetic surveys over an activevolcano, Proceedings
of the 10th SEGJ International Symposium, Kyoto, 276-279, 2011.

SFHBEEZ - HOE - REILDE - AIEDE - A EEE, 22 T7RAMBIHNS HeD < E
Hids JOVK Rl 2~ b O B EHEE — AR - BRI - AbiEE S & Rl
—, AGEE R H R AR, 75, 256 — 41, 2012.

I EME - REILE « BRI - BIEDE « 8oRBUE - SFHBEE - gELTER., #EmA0R
ST A T e AT L2812 L 2 iR imiR EEHE (2006) PEERA L « BB L -
MR L?, A E R BRI B AR e, 75, 43 — 58, 2012.

133



(9) PRk 24 4= F2hi st O

% 23 AR FE N2 T8 L CUWTZIRE 200m £ CTORE %2 Gt Tl OB
HwE L TRE 500mECRIEETT O . 51T, AR DITREEEICTEL TN
BB EOFLHWNEHIN S, HEK « B R OEEH EhE T 5.

AR D HERE 200m F THRAIZ . IRALOTZDIZ T —2 o 7 2 AL TR
JE 500mE THE D D 5. REFE 2K LS EE SIVHERE 200mE TIEA Y
— 7N _EEY 7T —FE AW a TR mO D, ZHLED 3 7 BB A
Ry baT7zed 08 BRI L>TUITAY—TF 4 TIRICE D5 a7 HILIT).
I 200miEHIZE T4, B L 500mIEHITE THRICHEM L, B&ICEKRERe L
DOFLNFHZ EiiT 5. BS Sz a7 oK IUHE ) - S0 R0 HES L O
X, EE, 179 & &b, REMITEED D, E-EKRBR R EoAWNERINZ= T
FERT OB IRATAE A IS W TR G & T AREZRET 5. 7k, 7rds, HE
DIRPUNC K> T TERE E COMBNCRRZEZ L, RO T RNEEL E7-F
HEMENR B 5.

(10) SEHutEREIDOSINE KA F 11T BEA4
ARE R F R PP AR EE KL - ARG - Hil w-&% WAL -
HEFEE] - H)IDERL - HARFEZ
ftlBERE & DILFEMFZEDHIE -
HERZF LRSS (0 &S )

FALRFRZFBEEL A TERAEA A ( o)

HOR RS- 1B I RT i ( )
FOX TRERZFPRILFAIZE o 2 —BF Bn ( )
TSR R BB AT FE R #ElfER ( roo)
SRR ZFBEEATEEAR A R ( )

SRR REE5 S e FHHEA ( roo)
I B REF RSB T2 e Rl MR I ( )

WF5eth JE%RE

S LR R P e R T = ( )
PESEBANR LR mEERE ( )
AL ST E R SR T AL ( )

(11) ABARRHZ A — A= Uil D WA bt
HIE 2 | AT WANE Y NE 2 7y il o e Ve QR i T eV e
Ak : 0142-66-4011/011-706-4677
e-mail : oshima@uvo.hokudai.ac.jp / hasimoto@mail.sci.hokudai.ac.jp
URL :

134



(12) Z OFZEaE (F/-ITENIEE) OMEREFEYE
K4 KRESLE
ATIE - ALHEE KRS B IeSe it B s Ak LA el o 2 — (CAERK L8]
HIF)

S
300.0 ; ‘ X
2001 ' ‘ 2000#%?11.1 | Vp (km/s)
- ’ A 1 3.0
g ; 7] __________ :g s
2.1
2 wo
1.2
0.0 0.3

0.0 500.0 D 1000. 0

Altitude (m)

(B) 2010 2001
N 20004#7l S N _ 20004E#fll S

-

R ST, Y S i

A e T N A e
i m:gﬁ%ﬁiwa;m@msvwwmmmw
I 4 Pt atll % ol ‘o

e P P R e oy

R P ST AN T T TR A
AT (i e oS S DA N
7229V R J3 A Rt e P i Rl o
AN W S IR N T Tl e P 0
IR L P A S P R L U PR g

i o,
AP A NN S K S AT
7S Rl ol LS ! MR PG

B ;&; ’Ji‘;gif“gf?:;\‘h h,! m.uﬂ.@ﬁt’w 2Nl W‘",
v i Y| w2 ) (Rl

R e XL

1. 20014F & 201 1250 L 72 N THIERERA: CfF DAV PR EEAEE,  SORITE O b
w5, (APPSO, B)SEHERNTIC X 015 57 SO Wik o Helik, XHior L
ToRENDSEH A 8E, £ /2RI E 201 1AE DOWr i BB 72 — S ORSTEHD b L—2Z,
(0O)20114F-33 L U20014E DR E X,

135



| RBREEAECATIOOMEHE |

- BAFLICIEBREEEERSAEL

) 53 S o 368
5 LR I
y

1 |
Ry ! 1 M
e '

2. PRiRAZ = b m— Bz L TR B AL 722000426 A 7 5201049 H O] D ik
REF I Z (A6 Z UM B & DHEE S 2871 L D1y (104ERIHAY) Zdt
WY X7 a CEICER LT IS R (B). U AF(A) 3 20004E87 Litise, DU £ #+(B)
PMUTEK P, PUA PO IR IR T 5 .

136



(MW) SR

10000

@ Uik - A
A K
1000
100
10 2006 £9 B
A2010%9A8 2000 &3l
1 ? 3 ‘
0 2000 4000 6000 8000 10000 12000 14000
200043 B b OISES
(MW)
1000 =
%& A WIRA QR
A
100 A
. 19990888 5 DONFOR
2006 £ 6 B
p: :
@ s - X0
I JAY: -
0 2000 4000 6000 8000 10000 12000 14000
197748 R EAE%

%13, 20004387 Ltk - Bo) s & ONUTEK AURCF B2 b OB SR ORI AL, W[ &
& B LI AT O FEAAE A B 2 b O H 4K

137






i

1]






1. BT —~
OHERBLAFFC57 B
/N E

Slip distribution of the 2011 Tohoku-oki earthquake
Yuichiro Tanioka, Aditya R Gusman

1. Introduction

The 2011 Tohoku earthquake occurred within the Japan Trench subduction zone
where the Pacific plate subducts beneath the Okhotsk plate. A large tsunami was
generated by the 2011 Tohoku megathrust earthquake and devastated the coastal
area along the north east coast of Honshu. The National Police Agency of Japan has
confirmed casualties of about 16,000 deaths, 4,000 people missing, and 6,000 injured.
The tsunami was observed by tide gauges, pressure gauges, GPS buoys, and
devastated the coastal area along the north east coast of Honshu. The National
Police Agency of Japan has confirmed casualties of about 16,000 deaths, 4,000 people
missing, and 6,000 injured. The tsunami was observed by tide gauges, pressure
gauges, GPS buoys, and Deep-ocean Assessment and Reporting of Tsunamis (DART)
buoys that are located offshore and across the Pacific Ocean. A dense Global
Positioning System (GPS) network of the Earth Observation Network (GEONET) on
main islands of Japan that is maintained by Geospatial Information Authority of
Japan (GSI) detected coseismic and postseismic displacements due to the 2011
earthquake. Crustal movement monitoring at underwater reference stations off the
east coast of Tohoku reveals that coseismic displacement there due to the earthquake
are large up to 24 m of horizontal motion.

Previous studies indicated that large slip beneath a sedimentary wedge near the
trench caused large horizontal movement of backstop and that generated large
additional uplift of the sediment [Seno, 2000; Tanioka and Seno, 2001; Seno and
Hirata, 2007]. Those studies indicated that this additional uplift of sediment near a
trench has large effect on tsunami generation. The uplift of sediments near the
trench can be calculated from the horizontal movement of the backstop [7anioka and
Seno, 2001]. In this paper, we estimate the source model of the 2011 great Tohoku
earthquake using tsunami waveforms, GPS data on main Islands of Japan and
seafloor crustal deformation data.

2. Results

The maximum slip amount is estimated to be 48 m and the major slip region is
located up-dip of the hypocenter with dimensions of roughly 250 km long and 160 km
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wide(Fig.1a). The earthquake ruptured the plate interface from the hypocenter all
the way to the trench with large slip amount, about 42 m, near the trench. The
seismic moment calculated from estimated slip distribution is 5.3 X 1022 N m (Mw
9.1) by assuming the rigidity of 4 x 101© N m2. The estimated average rake angle
from the slip distribution is 84° (Fig.1b). The slip distribution generated sea surface
deformation with a maximum water level of 11 m above mean sea level. The
calculated horizontal and vertical displacements at GPS stations and at seafloor
reference points resemble the observations. Comparisons between the calculated and
the observed horizontal and vertical displacements are shown in Fig.1a and 1c. We
compare the simulated tsunami waveforms from the estimated slip distribution with
the observed tsunami waveforms at sea level observation stations in Fig.2. Overall,
observed tsunami waveforms are well explained by simulated tsunami waveforms.
However, small discrepancies of about 2 m between the observed and simulated
tsunami waveforms remain at the stations near the tsunami source area (TM1, TM2,
GPSB802, GPSB803, and GPSB804). We discuss this discrepancies further in the
next section.
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Fig.1. a) Slip distribution of the 2011 Tohoku earthquake estimated from tsunami
waveforms and crustal deformation data. Blue star represents the epicenter, green
arrows and black arrows represent observed and calculated horizontal coseismic
displacements, respectively. b) Slip distribution along strike, blue arrows represent
rake angles on every subfault, blue star represents the hypocenter. ¢) Comparison
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between observed and calculated vertical coseismic displacements.
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Fig.2. Comparison of observed and simulated tsunami waveforms from the estimated

slip distribution.

3. Discussion

Because Tanioka and Seno [2001] suggested that the additional uplift along the
unconsolidated sedimental wedge near the trench generated the additional tsunami
for the 1896 Sanriku tsunmai, we also need to test that the small discrepancies
between the observed and simulated tsunami waveforms at offshore stations near
the source area of the 2011 earthquake can be explained by the additional uplift near
the trench. In this study, the calculation of the additional uplift is followed by Model

-2
25 50 75100

=2
25 50 75100

—— Simulated tsunami

Observed tsunami

— Inverted waveform

A in Tanioka and Seno [2001],

To calculate additional uplift, we assume that the dip angle of the backstop slope (6)
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is 50°, which is the same as Tanioka and Seno [2001], and the width of uplift area is
1.5 km. The horizontal movement (u5) is calculated from the slip distribution inferred
from tsunami waveforms and crustal deformation data.

The largest horizontal displacement near the trench is about 30 m which induced
about 35 m of additional uplift. The sea surface deformation due of the additional
uplift is calculated by the Kajiura [1963] formula because the width of the additional
uplift is 1.5 km which 1s smaller than the ocean depth. Simulated tsunami
waveforms from the slip distribution with additional uplift at stations near the
source area (GPSB802, TM1 and TM2) better match the observed tsunami
waveforms than those derived from only the slip distribution (Fig.2 and 3). The fits
between observed and simulated tsunami waveforms at other stations from the
source model including additional uplift are slightly worse than those from only the
slip distribution because we add some uplifts to the tsunami initial condition
computed from the result of the inversion. However, the differences are not
significant. This suggests that the additional uplift as the same as the 1896 Sanriku
tsunami earthquake may occurred during the 2011 great Tohoku earthquake
because the 2011 Tohoku earthquake also ruptured the plate interface near the
Japan trench.
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Fig.3. Comparison of observed and simulated tsunami waveforms from the slip
distribution with the additional uplift.

4. Conclusions

In this study, joint inversion is performed using tsunami waveforms, GPS data and
seafloor deformation data to study the source model of the 2011 tsunami. The
inferred slip distribution has a major slip region with the maximum slip amount of
48 m (Fig.3). The earthquake ruptured the plate interface from the hypocenter all
the way to the trench with large slip amounts up to 42 m on the shallowest subfaults.
The total seismic moment calculated from estimated slip distribution is 5.3 X 1022 N
m (Mw 9.1) which is equal to that estimated by GCMT (5.3 x 1022 N m).

We indicate that not only coseismic vertical deformation, but also additional uplift
near the trench as suggested for the 1896 Sanriku tsunami earthquake may
contribute the large tsunami near the source of the 2011 Tohoku earthquake.
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Fig.4. Ruptured areas of large interplate earthquakes which generated large
tsunamis and caused huge tsunami disasters along the Sanriku coast. The fault
model for the 869 Jyogan and 1896 Sanriku tsunami earthquake is taken from
Namegaya et al. (2010) and Tanioka and Seno (2001a), respectively. The source area
of the 1611 Keicho earthquake is not well known but taken from Hatori (1975 in
Japanese). Ruptured area of the 2011 Tohoku-oki earthquake is defined by the area
where the slip amount more than 5 m is estimated in Fig. 3.
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Fig.5. Ruptured areas of large interplate earthquakes which generated large
tsunamis and caused huge tsunami disaster along the Sumatra coast after 1900. The
ruptured areas for the 2005 Nias and 2007 Bengkulu earthquakes are defined by the
slip distributions estimated by Hsu et al. (2006) and Gusman et al. (2010),
respectively.
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Vp structure and interplate reflectivity around the source area of the 1952
Tokachi-oki earthquake, the south Kuril Trench, Japan, deduced by an airgun-ocean
bottom seismometer experiment
Ryosuke Azuma, Yoshio Murai, Kei Katsumata, Yuichi Nishimura, Takuji Yamada,
Kimihiro Mochizuki (ERI, Univ. Tokyo), and Masanao Shinohara (ERI, Univ. Tokyo)

We estimated the crustal structure to investigate the variation of reflectivity of the
plate interface suggesting the intensity of the interplate coupling by performing an
airgun-ocean bottom seismometer experiment, in 2010, on the along-trench profile
across the remaining seismic gap after the 1952 Tokachi-oki earthquake, where the
1973 Nemuro-oki and 2003 Tokachi-oki earthquakes have not ruptured. Strong
reflections from the plate interface were observed in the 1952 Tokachi-oki source
area including the seismic gap, whereas it was not in the 1973 Nemuro-oki source
area. The strong reflectivity of the plate interface in such a seismic gap with an
incidental slip suggests that a slip pattern in the corresponding seismic gap would be
conditionally stable. The coupling condition in the maximum slip patch of the source
area of the 1952 earthquake is likely different from that in source areas of typical
underthrust earthquakes, such as the 2003 Tokachi-oki and 1973 Nemuro-oki
earthquakes. Our results suggest that the 1952 Tokachi-oki earthquake was a
complex earthquake with the characteristic of a tsunami earthquake in addition to
that of a typical underthrust earthquake.

143" 144 145 146 147

I Hokkaido
43" I

2003 Tok;
I (My

.220.3.T°.ki°2".°5'. . 1952 Tokachi-oki source area 1973 Nemuro-oki source area

b SW Kushiro'Canyon NE
02 ( 12 13 1516 18 2021

( sqsmrgés\ o4
since 1952 ¥

= 10 e "‘ s ¢ Island arc upper crust ‘

<
£ 15
%
2000 8 201 A TS e W
3000 25
4000 E 30
5000 & 0 50 100 150 200
- Distance (km)
oo o —————————m \/p km/s

2 3 4 5 6 7 8

Figure 1. a) Map view of observed area with coseismic sources of the 195201, 2003
Tokachi-oki and 1973 Nemuro-oki earthquakes/2!. Black line represents our seismic
profile. b) Final P-wave velocity model. The ray is not distributed in the shadow area.
The yellow plots show ocean bottom seismometer (OBS) positions along the profile.
The source areas of the 1952, 2003 Tokachi-oki and 1973 Nemuro-oki earthquakes!t:
2] are represented by black, broken gray and gray lines, respectively, above the model.
The hyperbola-like shapes indicate reflection traveltime on the depth-distance
domain, mapped by traveltime mapping method[3l.
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Figure 2. a) Comparison between the reflectivity of plate interface and Tokachi-oki
tsunami sources of the 1952 and 2003 earthquakes ! (modified from [4]). The thick
line indicates the region of observed strong reflection. Slip amounts of the 1952 and
2003 events are shown. Contours indicate slip areas of the 2003 Tokachi-oki and
1973 Nemuro-oki earthquakes. b) Comparison of the reflectivity of plate interface,
afterslip of the 2003 Tokachi-oki earthquake, and tsunami source of the 1952
Tokachi-oki earthquake (modified from [5]).
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