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Chapter1 Earthquake

Abstract

An earthquake with a moment magnitude of 9.0 occurred off the Sanriku coast of Japan’s Tohoku region at
14:46 JST on March 11, 2011 with a hypocenter located at 38°06.21°N, 142°51.66’E and a focal depth of 24
kilometers. JMA named this earthquake the 2011 off the Pacific Coast of Tohoku Earthquake.

CMT focal mechanism solution analysis of the main shock indicated that the focal planes involved were in
thrust-type faults with pressure axes in the WNW-ESE direction. One focal plane with a lower dip angle was
consistent with those seen in connection with the typical plate-boundary earthquakes that affect the area.

A seismic intensity meter in Kurihara City (Miyagi Prefecture) recorded an intensity of 7, and values of 1 or
more were observed over large parts of the country from Hokkaido in the north to Kyushu in the south. Tsunami
were observed over a wide region from Hokkaido to Okinawa along the coasts of the Pacific Ocean, the Sea of
Japan, the Sea of Okhotsk and the East China Sea. The highest tsunami was over 9.3 meters (see Chapter 2).

As a result of the earthquake and tsunami, 16,278 people died, 2,994 remain unaccounted for and 6,179 were
injured, 129,198 houses were destroyed, 254,238 were severely damaged and 715,192 were partially damaged
(statistics as of March 11, 2012, from Japan’s Fire and Disaster Management Agency).

The earthquake had a velocity response spectrum with flat, strong power between 0.1 and 10 seconds, and
although PGA values exceeding 500 gal were observed along the coast of eastern Japan, the peak velocity was
not as high as that seen in other major quakes such as the 1995 Kobe Earthquake. Displacement of over 45
centimeters was observed in the prefectures of Miyagi and Chiba (see Section 1.2).

SAR interferometry analysis using the Advanced Land Observing Satellite DAICHI (ALOS) revealed that
displacement near the edge of the Oshika Peninsula from a reference point on the Shimokita Peninsula was
4 meters departing in ascending orbit (northward) or 3 meters approaching in descending orbit (southward)
(see Section 1.5), although these results may include displacement from aftershocks or afterslips. Results from
repeated GEONET observation by the Geospatial Information Authority of Japan indicate that crustal deformation
occurred over vast areas of the country with a maximum horizontal displacement of 540 centimeters on the
Oshika Peninsula.

The source region of the earthquake is estimated to have had a length of 450 kilometers and a width of 200
kilometers, and the major source process continued for 160 seconds (see Section 1.4). Large aftershocks were
felt on the same day. At 15:08, a quake with a magnitude of 7.4 occurred off Iwate Prefecture, which is just north
of the source region. At 15:15, another with a magnitude of 7.6 struck off Ibaraki Prefecture in the south of the
region. Aftershock activity was very intense over an area extending as far as 500 kilometers (see Figure 1.1.1),
including regions where it had previously been quite minimal. In addition, earthquakes from normal faults were
observed, which was quite rare for this area (see Section 1.8). Earthquake activity was seen in many areas in the
form of large tremors and frequent seismic motion, although the relationship between this activity and the main

shock has not been clarified (see Section 1.9).
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Throughout history, earthquakes with a magnitude of 7 or more have occurred repeatedly in the area along
the Japan Trench (see Section 1.6), and the Earthquake Research Committee (ERC) has identified such tremors
as characteristic earthquakes in eight sub-domains. However, the March 11 quake was not one of these nor
some of these occurred simultaneously; rather, it was a result of the whole region slipping as one. Its magnitude
and displacement were larger than those of any of these previously known characteristic earthquakes. Based on
historical information, the Jogan Earthquake of 869 AD is thought to have been a tremor of the type that occurred
on March 11, but only one reference to it is found in ancient literature (in Nihon Sandai Jitsuroku, or the True
History of the Three Reigns of Japan) and some seismologists believe it never occurred. However, recent tsunami
sediment studies have revealed evidence of a great tsunami around the time when the Jogan Earthquake is
assumed to have occurred. The ERC acknowledged the possibility of the Jogan earthquake in its evaluation report,

although there was little time for measures to prevent damage from the 2011 disaster.
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1.4 RiRBE

FALH G R R O AR R IZ DWW T, mhsE
R & HBREIIE 2 T, RGBT 2 17
-7z (Yoshida et al., 2011).

141 SEMEERIC & 2 ERAERT

HALHL 7 R R (M9.0) 12D W T, &
AR & R L CRILEREFNT 217 - 72

MBI M O T & L CTRRIT O E =
(72 JFIF 2011/03/11 14:46:18.1 (JST), 72 I A &
N38.10° ,E142.86° , & 23.7km) ZFIH L7z (56
1.4.1 OFRED) . KT — 7 ITREHESES
(IRIS) »F— ¥4+t ¥ — (DMC) Dk—24
NR=Th 5, EIHEE30° 25 100° OHIFHIZHL
BT HBM MO PWHTO L THORERE AT
L, Z09H) B A AH/NES L 0B HEAZIY PR
Lal HEFHLE GB142K). BETF—47 13,
0.002Hz %* 5 1Hz (1 ¥~ 500 %) @D,y K8 A
TANY =%, HERORER I LA
W% 05 BT 7)) v 7L Twb. |
B W27 — 2 X P 9 RLED 10 BRiH 5
180 B TH 5.

FEATIZIE, HRCRSHBATFEAT O & — A X —
¥ i E LT 5 Kikuchi and Kanamori (2003)
DTAT T ANy =Y%M LT EHICH
W7z Wi g T O T - M RHE quick Global CMT fi#
(http://www.globalemt.org/) @ 2 A& o W J& Ifii & 9
L, KAMOWREE D/ ST A —% (GER201°
fE#to° ) AW (141 Ka). Zom kI
i L7e¥s 1m0 GEIMJT IR 30km WIFE, G 1)
30km [ FE, 136 #F-1) TOE—RX ¥ MR
wEA YN—T a3 v (3§H, 2002 ; Kikuchi ef al.,
2000) IZX ROz, BHEFHTOE—RA Y Ml
BERIRUE, NS 8 M 2 SN =T & 4 BRI
T 10 R TER (—2 O TR 4 OBk
WERE) L7z R RS 1.5km/s ~
3.0km/s DT 0.1km/s T & IZMHE 2 25 2 THEAT L,
BREN—F/NEL o2 1.8kmis A L2 A
YoN—=3 3 YL, GCMT fig oA A 4l o I Jg T
TS (79° ) 25 £45° D2 H M THAE

SEMEZERT  R¥F R
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BRI EE R TE R 200 ~ 300km fFILIZK F - Tw
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AT ABICHE T 2B T 2 RIMER %
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450km, WEIZ# 200km TH Y, KEHE HI1TIT
—HLTw5.

£ 10] O 3 5% DA o yat M AR % I 72 SRR SR
(Ide et al., 2011;Lay et al., 2011;Lee et al., 2011,Yagi
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1.4.2 EHEEEENIC L 2 ERBERT"
AL 5 AT 52 12 D s T H R DR &
LTl b XY &omede Lz i
FHIERGR)T ORBEBI AR DY () Bl SR 74
MWFZERT AN B 3 4 iR Bl (LT, K-NET,
Kinoshita, 1998), H#immE B (LLT, KiK-
net, Aoi ef al., 2000) O BLH KL O IRFEWIE & FH 72,
C OHGEIIHIE AR ALIZHK 500km &AWV T,
FEBTICIE R HARIZER ST 28T o2 5
BB 2 B PREs X 9 1A S, b )5 IR
LTV A5 G)T ONMAEERT T — 7 13RO E R
BT VAT =V AT LADEEDD, LN
BN TV 72O TRIEH TIETH TV, Rk

K-NET ® 2 55, KiK-net ® 13 5 (b FIZHE L
7oi) OFF23HTH D (B 1.45K). IR
DFRLERE 1 MRS L CHEE R SR L, A7
~ 100 % (EP%%0.01 ~0.15Hz) D/N ¥ KI5 A
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ML, KFETL—FoRREZE L THERO
BT &2 AT \CAE 9 2 W RE T & L7 GElR 201°
Rt o, $_DMES ). T, WiEHOKE
S, BESMOILHY & HIEN T M) 475km,
R 18] 175km OFETEWTRE & L, Wi ek
19X 7 M O/ 738 L7z (55 1.4.5 U2 ).
F72, KW OKE 1%, EMJFH 25km, 6
R 25km & L7z, BIEO GG T OP
B L72RIEONME (bf 38.10° , Uk 142.86°
WS 23.7km) EHW7-.

Z/NWTRE @ Green BT 9% £k 531 (Bouchon,
1981) 12 &0, K4 - & #17 %] (Kennett and
Kerry, 1979) % H\WCRHE L7z, FEmEk s 138
FEBOMEEH S (R)E, 1985) 2 L TER L7-.
WIRTE OBIARE L 72 MBI R 7 & o1k
Wu et al. (2008) DFilAZBHEICLE 142 KD X
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ERYT. TRDVEOI VI —134m T TH 5. K
OEFHTEE RS L D RO KR & Bk
L 7z4#f3% (Hayashi et al., 2011).

JEDE—A 2 P L— PEKIZEL IR T4HTD
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DR HITIRR 84 & %2 5.

DEDOWiREIST A =5 ZiRED D 2, #/NiTE
TOTXY)EE, #HH (2005) & FAKIZ multiple
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H142K ATICHE L72HEE NS A — 5

X Vp Vs 5 Qp Qs
km km/s  km/s g/cmd

0.0—5.0 6. 08 3.5 2.64 340 170

5.0—13.0 6.23 3.6 2.65 360 180

13.0—21.0 6.35 3.64 2.7 400 250
21.0—27.0 6.55 3.68 2.75 450 350
27.0—32.0 6.95 3.96 2.9 600 350
32.0—40.0 7.6 4.29 3.1 700 400
40.0—65.0 7.69 4.31 3.15 1000 500
65.0—90.0 7.73 4.34 3.2 1000 500
90.0—120.0 8.27 4.56 3.3 1000 500

120. 0— 8. 37 4.61 3.35 1000 500

time window k& W T, FEZEMD§ X)) &A%
SR B &) Rl ZMA A Y N=Va vk
TR 7z (Ide et al., 1996; Nakayama and Takeo,
1997). §XYBHADHE LN S 2L 5H/37 A
5 —OfiilE ABIC (FRBD XA X HEEHE 2 HE)
(Akaike, 1980; Fukahata et al., 2003) ASt/MZ7% %
LIHITEAT

B SRIE PR OB AR TER, &£4
OWREFFOEAIZN CIC Lz, B REoRK
M 2.5km/s & L7z,

JERTIC X D RO N2 XY BOAITONWT, #
B EICEKLADDZHE 145 KIRT. HEE—

Y ME34%x102Nm (Mw =9.0) &%, #ih
FARB T TRO AR L D E TS0, 12T
FLCThb. TDIINIEFLGN XD KOMWE
L o TWVAEGTIZIED > TWh., IRRKDOT
RO EIE38m & o7z B 1.4.6 RUTEHTIZHW
BN B, 10 M2 BOBIWIE LG
HPR O Z/RT. LB O ERIMO O it
FEETEVHPRL VA, 2SN EoHgo
B HMF IR —BLTBY, KREOWER
(variance reduction) % &1 5 & 91 % & FEw.
KICRREIN - HEE— A PO 10BTED
AFy Ty ay M 14T HIIRT. BEORH
G DR OBERE (WHERG?S 0~358) T
W TR SFEFH IR > T b, ZHAHE
WEEO1F/RBHOY — 7 12T 5. IROBRS (B
RIS 35 ~ 80 #) T, #EBHIWTEOE T
I 29 & R dbm A I HER L., 0K
FE TR & 72 W23 G O BEFE R TR S v
Z2HFHOE =27 ITIES 5. £z, —FKRE %
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ERIMO ns

—arv| [

IWTHO8 ns

|y

H14 ud IWTH14 ns

ERIMO ew

4.80

IWTHO8 ew

<
o
Ao |3

IWTH14 ew

2 | 3
R
{e3]

s 8

3

7.45

IWT007 ud IWT007 ns IWT007 ew
MYGHO04 ud MYGHO04 ns MYGHO04 ew
,Mﬂn(\_,m_,-,, /\/\//"\w |3
MYGO11 ud MYGO011 ns MYGO11 ew
KSHI7 ud FKSH17 ns FKSH17 ew
FKSH12 ud FKSH12 ns FKSH12 ew
‘WNWMM” wmwm%w|g
©
HITACH ud HITACH ns HITACH ew
TENNOD ud TENNOD ns TENNOD ew
I 1 1
100 200 0 100 200 0 100 200
Time (s) Time (s) Time (s)

#1460 X BUNMEE (B LROOLNMHoE
SEL7-HEIEIE GRE) ok
BB S O PTG D A — VA

RLTH 5.

m/s HALT

FTROZRIL, EREEIER SN0 IO
BREEDOND., 1 EE2EBTTRYPILD
%M (MaAE ) (34 1km/s & IEFICE L,
B /INWT R U2 3305 2 Tl SR Ao P T U B2 B s A o
TR ORI & Ed o7z, 3 BRE (BEER G
D 80 M LItE) TiE, BEEEIEICIA LYY BER LG
P HH 160 TR O E TELEL 2. X
BRI XD BRVE IS B B R BII A Tl Bk
ORI L ES TINEEOE =713 1 DLk w
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W% v, ThIEE 2 L3 BREOWE (S)

ZIZFRFICHE L2720 TH 5.

F 725 1.4.7 BUZIEHARIZA (2011) 2350 (4
~ 8 Hz) #ifF RMS T Nu— 7 %flis7-ZEH)k
WHRTH: (SSA ) SR 72 MMk % i <
e L7228 b /R LCh b, SIS L D K E bl
o THBMAEINThEZ ERbhb
CORBITERBEEFEDO T LA BT S RD SR
AR E DIRAWTH S (B2 1L Ishii, 2011). F
72, R 6 4E (1994 4F) ZREIZ 2 2 PHbEE (M7.6)
WBWTHFEMBOBL»EHT LD RKDEN TS
(Sato et al., 1996).

%148 XIZH 1.4.6 OB SIZOWT, §1
Bels (BEOBMGH,»S 0~ 358), 42 BeBs (B
BG5S 35 ~ 80 #), B RS (R IR A
5 80 F L) ICBUT BMIEAPIEL D & DI
HFHLTWwWAhERLE Ihnebdbilt CATR
REIRE) ORBUSICB TS 200 — 213
HAE 1 EE2BEREICHLL, B OCGRIRER T3
IL) OB TS 2 L5 3 BEBE o Pk A KR 2 3
HELTWAED, 1DODE—212hoT0WhAI L
bbb

T H 50 RO Sk 2 T W 7 B TROB AR AT 13 AR D

T:10-20s T:20-30s T:30-40s T:40-50s T:50-60s

T:60-70s T:70-80s T:80-90s T:90-100:

Seismic moment
(x 102°Nm)

14T 10T LOWFEORAF Y T a v b
ZAIOBMOE—2 Y MVEREZRYT. a3V 5 —
OFIFEIE 5% 102° Nm. ZERIEHFARITA, (2011) TRD
TR RN % R & ke U735 2 7R 7
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Suzuki et al. (2011), K.Yoshida et al. (2011) 7 &
b, INHLDOTRY®H5AME LT 5 EMlH
VIEWIEH B 25, BIEE ORI, H AR
B TREL TR E TS HT—H LT
5. VL EofERIEENE 2 K& ik L 7 3 A N
FIRVIZHAHZ L LM TH 5. Hid S
W2 TN L D) SBFICR R T, il
FRAT Lo H AT |2 JE R T MR EE DT W & & 2
LNDHDT, FEEIHEHMICIT WK E &7
RYPEHLTWDTHA . 7272, I
W5 ZEDTE BB AHTEEO—E % B & W
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%‘M&Wﬁ%@%ﬂ@@%&’
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e L
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s e s
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=l = |
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e gper e

50 sec
9148 X KBRS OBE Tl S i o ik
H, R, D1, 2, 3EBRICHINT A, SEH
DREEWIED A r — VEAHMIZ m/s B T/RLTWS
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~ ) & 1X Suzuki et al. (2011) T 48m, K.Yoshida
etal. (2011) T 47m, AfFETIIMLD 2> X H /)
XL 38mEBRoTWDEDS, o H AN Tile &
THBICHARTA LY REREICR>TWS. 2
DR E 2 FTRY D FALH G KM REO KR X
LR TH 5.

E 3

FRAT I () B SR HAMF ZE T @ K-NET,
KiK-net DWET—% =il L7-. Dk, LT
|52 A Al D=

2 F XM

Akaike, H. (1980) : Likelihood and the Bayes procedure,
in Bayesian statics, Edited by J. M. Bernardo, M. H.
DeGroot, D. V. Lindley, and A. F. M. Smith, University
Press, Valencia, Spain.

Aoi, S., K. Obara, S. Hori, K. Kasahara, and Y. Okada (2000)
: New Strong-Motion Observation Network: Kik-net,
EOS Trans. AGU, 329.

HOARER, HHHEER, TY7z, BREE (2011)
FEk 23 4 (2011 4F) HUALH TS RSP TR ML AR O
AWz o Ra— T &R WIREEA A=Y 7
(EFER), HAMERE R B4 2011 2R &,
MIS036-P38.

Bouchon, M. (1981) : A simple method to calculate Green’
s functions for elastic layered media, Bull. Seism. Soc.
Am., 71,959-971.

Fukahata, Y., Y. Yagi, and M. Matsu’ ura (2003) :
Waveform inversion for seismic source processes using
ABIC with two sorts of prior constraints: comparison
between proper and improper formulations, Geophys.
Res. Lett., 30(6), 1305, doi:10.1029/2002GL016293.

Hayashi, Y., H. Tsushima, K. Hirata, K. Kimura, and K.
Maeda (2011)

: Tsunami source area due to the 2011

off the Pacific coast of Tohoku Earthquake determined

%133 75 2012 4F

by tsunami arrival time to offshore observatories, Earth
Planets Space, 63, 809-813.

Ide, S., M. Takeo and Y. Yoshida (1996) : Source Process
of 1995 Kobe earthquake: Determination of Spatio-
Temporal Slip Distribution by Bayesian Modeling, Bull.
Seism. Soc. Am., 86, 547-566.

Ishii, M. (2011)
Mw 9.0 off the Pacific coast of Tohoku Earthquake,
Earth Planets Space, 63, 609-614.

Kennett, L. N. and N. J. Kerry (1979) : Seismic waves in a
stratified half space, Geophys. J. R. Astr. Soc., 57, 557-
583.

Kinoshita, S. (1998) : Kyoshin net (K-net)
Letter, 69, 309-332.

Nakayama, W. and M. Takeo (1997)

: High-frequency rupture properties of the

, Seism. Res.

: Slip history of the
1994 Sanriku-haruka-oki, Japan, earthquake deduced
from strong-motion data, Bull. Seismol. Soc. Am., 87,
918-931.

Sato, T., K. Imanishi, and M. Kosuga (1996) : Three-stage
rupture process of the 28 December 1994 Sanriku-Oki
earthquake, Geophys. Res. Lett., 23, 33-36.

Suzuki, W., S. Aoi, H. Sekiguchi, and T. Kunugi (2011)
: Rupture process of the 2011 Tohoku-Oki mega-
thrust earthquake (M9.0) inverted from strong-
motion data, Geophys. Res. Lett., 38, L00G16,
doi:10.1029/2011GL049136.

2% (1985) © JEHTEREE 2 £ R L 72 T
o= W B B —HERG T D IFBE IR DR R I D
T—, KAGMEFTIIZEH, 36, 245-257.

Wu, C., K. Koketsu, and H. Miyake (2008) : Source
processes of the 1978 and 2005 Miyagi-oki, Japan,
earthquakes: Repeated rupture of asperities over
successive large earthquakes, J. Geophys. Res., 113,
B08316, doi:10.1029/2007JB005189.

Yoshida, K., K. Miyakoshi, and K. Trikura (2011) : Source
process of the 2011 off the Pacific coast of Tohoku
Earthquake inferred from waveform inversion with
long-period strong-motion records, Earth Planets Space,
63, 577-582.

HHIHEE (2005) © P 15 4F (2003 4F) 1B il b 52 3

A, [T HAM S, 126, 9-14.



RETEA

143 mMEERLGH S EEA-BERERE"
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DTN 4 BE P T Mo O e KN BE D 5345 % 55 1.4.9 X4
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1.5 HbERZEED
151 EEE@SRAKRMEE 215 (ALOS)
PALSAR ZA W =&AL —4 (SAR)
OF B

1.5.1.1 [FC&HIZ

[ 72w & | (Advanced Land Observing Satellite,
LUF ALOS) 132006 4F 1 H 26 HIZHET- it
Y =0 0HE BT S BB S R Th
. [20nb] 2, 2200%%E % O30
O~ F v 7 ik #+ ~ ¥ Panchromatic Remote-
sensing Instrument for Stereo Mapping : PRISM, &
1 Be W AR A ST R 2 B Advances Visible and
Near Infrared Radiometer type 2 : AVNIR-2) & 1D
DA 7P yHF (72—XAF7LAHAL
NV FEBIO L — % Phased Array-type L-band
Synthetic Aperture Radar : PALSAR) 23 # #( &
THEY, 46 HOPGHE TEKZ BN TE 5.
PALSAR 7°— ¥ (28 £ N 5 A ARTE & i o 72 bk
ZEBIEN, EINHEOWA, K 19 4 (2007
AE) FEBEME (Fukushima ef al, 2008) <
1 19 4 (2007 4F) FrigRepikahiE (AR IE D,
2008) K USPHC 20 4F (2008 4F) HTF - HIRAEE
7% (Takada er al., 2009, AT, 2010) Z=ED
Wi .

15.1.2 SAR FHETIZOW1T

FERI 2 B R ML T C oW T B (1999),
BB - AR (1999) % Hanssen (2001), % 7z,
T3 SAR D FFIZ oW T, /LT (2010) %
M EER A TR AT R AT HS (2011) %
Z | X L7z, ALOS/PALSAR D&, HEH O
BT — F (FBS X3 FBD) 2 X % BHIWE 34
70km BEETH 7280, Gl X9 BEKHE
DAL, BEOB X -7 L —2AIIBIT S
BT TH L. [72vnb] ORI, HE
DE L HERO AEBIC LY, ChOBHETS
B S ZMIZB VT, 17H (HBE) 5wt 29
H CEBE) oBllHI AL A0, o7
Wi Z B RISV T D REIGE) 2 212 X 5 Hbidk
EEORBIZINF Yy THELLI LIRS,

SEMERT gk A (B SRR
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ARFEIZBIT S SAR TN 12D W T SIGMA-
SAR f##r>” 7 b+ (Shimada, 1999) Z{EiH L7-.

1513 @ERAT—4

SAR T #BEAT 2 47 95 113 Hb 2 J8 2R 1 #2 1 B
Nz 1o [TFHRT7] BPRETHE. [ZBT
Je VR BRI 1 - PR R AS G & 7 o THED
TV 5B R FEREFEER O [ ik - M 2 Bh %
OBCER ICBE 9 5 SERF9E8R ] GlFR © HE WG)
WML TBY, SHOHEICET %5 PALSAR
F—% (LR 1.0) I220WThH ZOHMADH
TEINESK - 77— 7 AT b7z b DIZDONWT
B 24T 572, F— 3TN D Sk G R
D DR L7z, AHZEORNT TR L 72T
N7 %E 151 RITRT. b, HWREEHE)A
PRI e X728, K& DS ZZBUT BT I3
DRy — v 2 FEH L THT - 72

1.5.1.4 SAR FHBFAHERICOWT

(1) EEXREKICHIT2BITER

55151 RO 152 M2 hzhdes T &
FATHLED SAR THMHTHRZ R, TORRE,
WHARDRE AR b7z TR Z L E L
72D RO F R A S 7z, SAR T ¥#
HrCllE & 12 W B B At o & Cld e <, Hixt
1 2 i AR M O WA B = Th 5. WH O
A TR T, WAL fEE S EY
e b UMW 28 &2 55 558, ARHH
DX HIBERITEIC X 5 HREE B OB A 13 (%
HIPH BRI CEB A ATV B 7280, ZEEH SO
BENTER. T0D, KAEFHTIHFHRET
Je BT & JiE & U 72354 O 7 Mk ZE B)
BARME L. SIS X ISIRATH0LE LS & 5 IEHT
R, BRTANLE TR 60cm, BT, HE
AT TH 120em, fliB T A} 22 TH 180cm O fif
B ENDHNOMBEHIFEONTED,
BERE B O G2 B WV TEH 4m O MR ZE B A
w3z, —75, BITHEOMN TIx, HhEE
A TR AR 3m ORI  F O Mg %
A Sz, T2, BERTAE R KA AT
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Path-Frame Orbit Off-nadir Master Slave Period perpendicular Memo
angle(®) (days) baseline(m)
401-760_820 2011.03.15  2010.10.28 138 1420 ®1.5.1-D
404-710_780 2011.03.20  2011.02.02 46 815 1.5.1-@
402-730 810 2011.04.01  2010.09.29 184 1112 ®1.5.1-Q
405-690_760  Ascending 2011.04.06  2011.02.19 46 382 ®1.5.1-@
408-680 740 2011.04.11  2011.02.24 46 506 15.1-6)
400-700_820 34.3 2011..04.13  2011.01.11 92 1091 ®1.5.1-0
403-720 810 2011.04.18  2011.03.03 46 337 ®1.5.1-@
56- 2011.04.07  2010.11.20 138 1107 ®1.5.2-D
2800 2910 .
59- Descending 2011.04.12  2010.11.25 138 1072 1.52-@
2780 2920

139°

i +240cm

o+ 300cm

: - +350cm

140° 141° 142°
[ S E———|
< 11.8cm >
Far Near

alysis by MRI from ALOS raw data of JAXA / METI
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323 411
M6.0 M7.0

5152 B RBEBFAEMBHEONRTIZE S SAR TH@HTAIR (F17HLE)

TR AT S 7135, TR
TIX 60cm (I EDHEIE D S SH 5 Fn O HRE
B o N B, NAS5T RTS8 (551.52
MoOE@DMOHEE) 2oV TIEHE WG %
LT JIAXA NBUIZER 2 17 o TW 7225, 2011
4 H 22 HIZHEL ALOS OB DEFITL D,
WEZOBIM AT EE L 72 572720, SAR T

ATIC X B HGRAE I O Tnkw, 72, 8
259 (55 152DQ) IZoWTIZ ERoBIC
X0, 256 (B 152K0Q) OMTHEE D
THHEDOEEENTE R VD, TNy — UK
SR LA END, BERELRED ) A XNREE
NTWLIREMNEDLD 5.
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(2) RT=Fa—F6LLEDZRWEIZEITS
RTRR

3H 11 HORERER, REGEINGHETH 5.
FHED S RV EITIICB VLT O MEIRAEL
TWw5 (D, #FHELIES). SAR ¥
Z DT DR S, NI X TIZ X o TIRIAREIS
X B A B D 2z & §RBEIGE) R F R 2 hE
I MWREB VR EEINDIGELD S, H1.51 KR
B1S2KHIC L A THRAZHEICL S %
ZONDWREHNEE L TS Tws, K
HETIE, B1.528ICBIF 26 0DHEIZONWT,
R X ) B SN2 R0 KR O R 2 B
ZERETHILICLY, RELHFFBMEICL L4
REB OB R RAT. DU, HBNFTR RO
Pl & kR B

®3 A 12 BRHBFRILFEOME (M6.7)

IXZ 408 T, BEROMPEMFIR TR
8cm DOFRIIID K HH), BEIAFILA 5 ILR
48 3% & AL FE IS B VTR 8em FEEE D B A
O EH 5 HOMAHAEN M Sz (5153
). FEREREHE CIZALPE — A TN )y &+
O LENTEY, BBLRAEANZ SAR T
WIS R S 7z,

@3 A 15 BERESOME (M6.4)

FE A L P AL TR A & FE O IR A5
LNTWBD, BEVERP 727200, 73 408
(Aef7dE) KOS 2 59 (FfT#LE) & dic, K
RICRNT L EEZLNS /A4 ZPUSHIIFEEDOH
FREENIFRD LN\ (154K OH1.5.5H).
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@3 A 19 BXEBRILIBOMBE (M6.1)

IN 404 (ABATHELIE) T HE R B 1 O T
A BV THRAR 50em, JLHMEBIZBWTH
6cm BEDOWT N HRED S m S5 R OMA
AL &SN (55156 X). F72, 752 56 (¥
THLE) 2B WU, FVE I Tk 40em FEEE
DD S S B H M OMAAZEALDS, F2dbH
R CIER AR 12 em BEO#RICIED L Hh
OV el Sz (55 1.5.7 ). FERErkss
figf 20> & (X AL I — V4 R P4 7 100 L0 ) il & o IR
BRIOMBESLN TS Z EH 5, SAR T H#
Wi Ra RS 25 L HEFOWE 2872 L& 2
5.

km
2011/02/24-2011/04/11
46 days

o
(8]
-y
o

37°15'j

azimuti

L

Mw6.3 3/12_naganoN

37°00"f;

138730 138745
Cross=Track NSOE Inc.Angle 37.4° x==0.5979 y==0.1063 z=0.7945

#1.53 EWREILEOHE D SAR T BRFEAT i F

1523 ARG TN 217 - 72 5 N O 4z ) 2 +

Epicenter Name Event Time Lat. Lon. Depth M Mw Memo
5B E 2011.03.12 03:59:15.6 36.985N 138.597E 8km 6.7 6.3 #1.534
i 1] 15, ) 2011.03.15 22:31:46.3 35.308N 138.713E 14km 6.4 6 %51.5.41%,%51.5.51%
Wk 1B AL 2011.03.19 18:56:48.0 36.783N 140.570E 5km 6.1 5.8 %1.5.61%,551.5.71%,
%1.5.10[,%1.5.11
Pl N8 ) 2011.03.23 07:12:28.7 37.083N 140.787E 8km 6 5.7 #1.5.84
B E R Y 2011.04.11 17:16:12.0 36.945N 140.672E 6km 7 6.7 #1.5.91%
fe 5 L i Y 2011.04.12 14:07:42.2 37.052N 140.643E 15km 6.4 5.9 %1.5.9
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Bperp=0.526 km

Analysis by MBI from ALOS raw data of JAXA / METI
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Far Near
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Bperp=0.935 km Analysis by ME| fror ALOS raw data of JAXA / METI
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@3 A 23 AEEREEYORE (M6.0)

INA 56 (FATHLE) 2BV CTEIAI A S
P CTHAF 15 cm FREE DR D 5w S5 O
MAHZEALAS, FBRORRLEMICBWTIERHS
em RO RAIE D  F O AHZEAL AR S
M7z (55 158 ). FEEASHEM ClIbIur — i
B BRIl % FE o IEWT B AL O ff A3 5 T n
505, MATHLE D A D SAR TR 2T
2 EL 5 OWEDENA 72D DKW T X R\,

®4A11 BEEREAEY OHE (M7.0) RV

4A12HEERHPEY O#E (M6.4)

IR 403 (ALATHLE) 2BV, AAASE R
AR E L 200 (FHHNIZOWTIE 2 1) Tl
N7z BE159K). THEICHERE T & 2 ZARDAL
AAASHEAGERR AT T YR INT R &, B o0 (V7 AR AR o
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RO 2 5 AL HMIT R KT RY EAH 30m &
EINTwb, Z0L) RWiE%E 25km X 25km
D/NWEIZ531F, MICAP-G (P - 3511, 1999)
ZHOCTHEBBEICB TS Ty - &2EHHL

quasi-upward km

37°00"§

Mw5.8 3/19_Nibaraki

-3 0 +3
Down x11.8cm Up
1512 KBIRILFOWERICB T 5 #E LT IO
2R B 53 A7 X

7. B, KEDKECHEELZ4DDMT 77 A
ROV T S FEIE RN 5 O Wik % e L
P CEMAE 2T o7 (B 1513 ). #1510 1K
W2 X UFALATHLE TlE B B &R B S Nz T3
E—HLTW32%, BITPLEIZOWTIE, FFIZ—
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