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Figure 1.3. Map of the region affected by the 6 April 2009 L'Aquila Mw 6.3 earthquake (red star), including the
ground motion predicted by the ShakeMap approach, the foreshocks between 1 November and 6 April (yellow),
aftershocks between 6 April and 1 May (gray), and the settlements (black squares). Inset shows the national

seismic hazard map [7] with the white box indicating the region in the main panel. Figure from van Stiphout et al.
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Figure 1.4. Time sequence of earthquakes in L'Aquila area from January 2009 through September 2009. o
(a) Total number of events located each day, in red (left scale): black dots show the highest magnitude event for ( ICEF I/ 7" FJ: U )
each day (right scale). (b) Same plot filtered to include only events with magnitudes of 2.5 and greater. (Data

from INGV.) 5
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Example of dynamic rupture

Aochi and Ide (2004, GRL), Ide and Aochi (2005, JGR)
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Date _ Start __End __ Sect.  Dir. DH(m Date _ Stat __End _ Subs _ Direc __ DH(m Date_ Stat __End __ Sect  Dir. DH(m) Date_ Stat __End __ Sect.  Dir DH(m)
11724 730 1 1 -3.92522 123 805 27 [ +1.20930 12/10 48 1 -1.49324 1218 23 [ +2.55761
2 I -11.86593 2 I +4.77490 1017 49 1 +0.12529 1612 22 I +11.38614
1030 3 1 -3.10756 mi2 25 it +6.11536 1020 50 1 -2.08041 1271977812 21 i +14.89684
10:40 4 1 +0.75349 112 24 it +3.25537 s1 1 -1.36444 20 iy -16.35574
5 1 1437782 px] it +2.56461 1223 52 1 +1.14100 19 it -13.25561
6 1 -9.48921 1500 22 it +11.39691 13:30 52 1 -1.14036 1143 18 it +0.97649
1402 7 1 0.92903 15:03 1542 21 I +13.88304 51 I +1.36616 12:47 18 I -0.97745
14:15 8 1 9.80134 124 810 20 it -15.68066 1536 50 it +2.07969 19 1 +13.25694
1612 9 1 -3.43544 19 it -12.90146 15:36 49 I -0.12337 20 I +16.35699
1125 840 930 10 1 415320 1042 18 i +0.98022 1620 48 i +1.49773 1548 21 I -14.89554
9:43 10 i +4.14013 125 7:50 37 )i -1.02637 1211 812 903 47 i3 +2.54876 1220 8:45 2 I -11.38675
9 i +3.43630 36 I -2.28049 910 1003 48 1 -1.49529 23 1 255857
1n4 8 it +9.80096 35 iy -1.32670 1026 1032 49 1 +0.12367 1223 24 1 -3.25956
13:11 7 i +0.92841 9 34 iy +0.53462 10:51 53 1 +0.38545 12217830 17 il 431127
1430 6 i§ +9.49063 12:10 34 1 -0.53387 54 1 220532 16 it +1.87239
11726 820 5 it +1437821 35 1 +1.32466 13:53 55 1 210185 1:03 15 it +3.06235
1002 4 it -0.75244 36 1 +2.28158 13:53 55 it +2.10213 12:35 15 1 -3.06112
1005 1042 4 I +0.75364 1530 37 1 +1.02605 54 it +2.20379 16 I -1.87299
10:54 3 I +3.10936 1276 820 33 it 387071 1621 53 i} -0.38596 1422 17 1 311546
2 I +11.86369 32 it +0.44662 1212 9:00 34 I -0.59933 15:10 14 1 +1.59192
1542 1 i +3.92350 1030 31 1 085715 35 1 +2.00960 1637 13 11 +3.78002
11728710 17 )i 301733 1035 30 I +1.80899 36 I +1.29921 1223 745 12 it +1.81356
16 it +1.74813 29 I +2.97965 1215 37 1 +1.39120 853 11 1 +3.24785
9:27 15 I +3.18185 14:03 28 i +2.97987 1213 8:00 38 I +1.712795 9:05 14 1 -1.59413
9:30 14 it +1.59108 1425 1530 25 i +6.11427 39 1 4219222 1} 1 -3.24691
13 it +3.78520 1530 1630 24 I +3.25250 1038 40 1 +4.19231 12 1 -1.81481
12 it +1.82061 1277710 23 il +2.56217 10:40 40 I 4.19142 120 13 1 -3.78180
1320 11 it +3.24743 910 22 it +11.39712 39 I -2.19087 11:23 109 I -9.81807
1320 1430 10 it +4.15055 9:40 28 1 297510 1438 38 I -1.73102 ] 1 -3.46212
14:30 1 1 -3.24890 29 1 297536 1215 8:03 4% id 726780 150 7 I 411136
1542 12 1 -1.82190 1213 30 1 -1.80914 a5 I +0.45580 15115 7 i +4.11204
11729 8:05 8:13 12 1 -1.82120 12:53  13:40 31 1 unfinished 10:30 4 i -3.23187 16:32 8 i +3.46261
813 13 I -3.78462 128" 10:10 28 i 296403 10:35 43 I 214598 1272477745 8409101 +9.81504
1000 14 1 -1.59083 29 1 -2.96490 1204 42 11 -4.70815 845 6 it +4.15231
10:00 15 1 -3.18305 1232 30 1 -1.80091 1216 830 942 4l i +1.43318 s I +13.20708
16 1 -1.74839 13:40 31 1 +0.86080 10:04 a1 1 -1.43339 1140 4 I +6.68303
ms3 17 1 311641 32 1 -0.44293 4 1 +4.70591 12:50 3 it +4.86264
12:50 18 1 -0.98029 1542 33 1 +3.87394 1348 43 1 +2.14361 2 11 +8.49989
19 1 +12.89941 129 8:30 33 1 +3.87450 14:03 1455 43 I -2.14305 15:21 1 1 +5.53689
20 1 +15.68253 32 it +0.44195 1520 1628 44 1 +3.23189 1530 1610 1 1 -5.53851
16:12 21 1 -13.88254 11:03 31 1 -0.85815 1218 7:35 25 1 -6.09670 12725 8:10 2 1 -8.50027
1217750 22 1 -11.39565 11:10 30 it +1.80281 2% 1 478211 9:33 3 1 -4.86044
930 23 1 -2.56305 29 u 4296711 940 27 1 -1.19019 9:40 4 1 -6.68180
1227 815 903 24 1 -325408 1530 28 it +2.96526 9:45 27 it +1.19224 5 1 -13.20783
9:10 25 1 -6.11215 15:32 29 1 -2.96584 2% it +4.78076 1430 6 1 415033
26 1 477644 1640 30 I -1.79994 1220 25 it +6.09551 1540 1552 12 1 -1.81405
1205 27 1 -1.20793 1210 8:20 47 1 -2.54835 13:45 24 11 +3.25979 1603 1649 13 1 -3.78356
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Survey Date Relative Height Changes (mm)
PJ'LI section | A 8 c ) ; F A B-C |Coseismic| D-E  E-F
4m m n @ E ﬁ ( l 4 1 11/24 | 11/26 12/24 | 12/24 1,72 -1.62
- S 2 11724 | 11/26 12/24 | 12/25 +2.24 -1.69 -9.38
3 11/24 | 11/26 12/24 | 12/25 -1.80 42,20,
5 T T T 4 11724 | 11/26 | 11/26 | 12/24 | 12/25 -1.05 | +1.20 .23
.28 5 11724 | 1126 12/24 | 12/25 -0.39 28 0T
‘2.
6 L 11725 12/24 12/25 = 1 +1.97
48 7 11/24 | 11/25 .62
o, 8 11/24 11/25 12/23 12/23 +0.38 +0.68
e 29 9 11/24 | 11/28 12/23 | /23 -9.86 -3.09 | +0.49
10 10 11728 11/25 11/28 12/23 12/24 +4.07 -1.42 -2.13
4 e . 11 11/28 11/28 12/23 12/23 -1.47 +0.79 +0.94
12 [ 11728 | 11728 | 11/29 | 12/23 | 12/23 | 12/25 | -1.29 | +0.70 | +6.76 | -1.25 | +0.76
13 [ 11/28 | 11/29 12/21 | 12/23 | 12/25 | +0.58 3.2 | -1.78 | -1.76
14 11/28 11/29 12/21 12/23 +0.25 -2.07 -2.21
’E 15 11/28 | 11/29 12/21 | 12/21 -1.20 a2l
€ 16 || 11728 | 11/29 12/21 | 12721 -0.26 ' -0.60
= ®25 17 | 11728 | 11/29 12/21 | 12/21 +0.92 +2.76_ | 2,78
S 3l © 38 18 || 11729 | 1274 12/19 | 12/19 0.07 13.28 | -0.9
= ’ 19 | 1/29 | 1274 12/19 | 12/19 +2.95 .33
(=} .
u 30 «24 20 | 129 | 124 12/19 | 12/19 -1.87 7.2 |42
e 031 17 21 129 123 12/19 | 12/19 -0.50 +1.30
> 22 12/1 12/3 12/7 12/18 12/20 -1.26 -0.21 +10.12 -8.61
3 480 23 23 12/1 | 1273 | 1277 | 12/18 | 12/20 -1.56 | s2.44 | 4519 | -0.96
O ° o > . 24 12/2 | 1273 | 12/6 | 12/18 | 12/20 129 [aaar | se0 | 023
> © 25 12/2 12/3 12/6 12/18 12/18 =3.21 | +1.09 +17.82 +1.19
. o .
[ 2 S ° o h 26 12/2 12/3 12/18 12/18 1.54 -5.77 +1.35
S ° . 27 12/2 | 12/3 12/18 | 12/18 -1.37 +17.40 | -2.85
6 o q 28 12/6 12/7 12/8 12/9 +4.77 +12.84 -1.23
‘E o o ° 29 12/6_{ 12/7 12/8_ 1 12/9 | 12/9 || +4.29 | o11.56 [ =221 1 .1.27
e o ® . o . ) 12/6 | 12/7 12/8 | 1279 | 12/9 | -0.15 +7.84 | -1.90 || v2.87
8 o 00 - ° o - 31 12/6 12/8 | 12/9 +2.33 | 2,65
o ° 32 12/6 12/8_ | 129 +4.18 | +0.98
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1. &b

1. &Rk
BREAEDRAONTZE VDI HEITN O0ndb D, 271, T—F ORI IECRNT FIEDE
W K o TERMBIECOCHIRIZ e > T 5.

1.1. % 23 AT ER(EFREBL (Katsumata, 2011)

FENTIZIE ZMAP % W C ZEEHEE. 7 — %1% 1965-2010 4F, M=4.5, 60 km L&D
R[RET—TLBIRZMEH. T2 72 Z1Z LR (F27 7 2Z L7 —2IZx LTHREED
FRNT 24T o723, KRERETRNEDZ &), MEERE 0.05° MEOZ Y v REEEL,
H7 Uy REHDITERE Y O 150 84 & Tl >\ TRk A HIE L.

ARFED 234 FFRTD 1987 4 11 HEHN D, AETRE o 7o O L THR b2
Bz, #ifbigzd | MoRERCRT. O EIEREERN S b2 5 K51, Al
A2 12 L TIE 2005 0 BIEFHL L TEY, L3 L b 3.11 AE £ THEML2 ik L T
2T,

T;=1976 1980

Z-valus

Fig. 3. Time slices of Z-value distribution using the JMA non-declustered catalog. A time window starts at T, and ends at 7; + T, here Ty = 15
years. A red color (positive Z-value) represents a decrease in the seismicity rate. Circles labeled by M and B indicate Miyagi and Boso quiescence
areas, respectively. Al and Al” are nodes in the Miyagi quiescence area. A2 and A3 are nodes in the Boso quiescence area. A4 is a node in the
Sanriku-haruka-oki quiescence area.
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Fig. 4. (a) (d) (g) (j) Red open circles are N = 150 epicenters sampled around the nodes with the high Z-value anomalies detected in Fig. 3. The
location of the nodes are shown at the top of each figures, (b) (e) (h) (k) cumulative number curves (black lines) and Z-values (red lines) for the
sampled epicenters, and (¢) (f) (i) (1) space-time plots. A closed star indicates the epicenter of the main shock determined by JMA. The asperity
muptured by the main shock is shown in contour every 4 m of displacement on the fault (Ozawa et al, 2011).
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1.2. # 15 FpiH & AARZE THERL (WEHECREZmT, 2011b)

FENTIZILREZE [ ETAS 36 L O ETAS £7 V& . 77— #1% 1926-2011/3/11 14:46,
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M=5.0.
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& BIEEOTEENC DWW TR OBRE B, Y T —X
JVTHRERT LTSS, ARt fE b A bz,
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a8 56 65 EL 86 9% (2]

=R, C JnEERAMN, D BE - BirEN, E H#EEE -
H Ie] 8 qlcoﬁ%ﬂ“ﬁﬁﬁﬁ}?ﬁl (RS 7R R B ED), SR R
TERFRREC & 5 B EEE (f%ﬂzﬁf?&") TR

i S S HES
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1. #Ee

1.3. 9 10 FE7in bEFML (F)I, 2011 ; F)Il - T, 2012)
fERTIZIZ REASA (BRI - (1, 2008)35 L OY Seisqa (Mot - BA EEJII 2010)%1@% L, #f

EIREES (B - 146, 2003) & FHE L Cig s Era b iek 2 fh . AT 0T AL
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1. #afk

1.5. (3%) BR(BRLOFE (F)I -, 2011)
- At (201D1%, WMEOENOBEEME (1987-2010, M=6.7, EE 5 LI L) AilH
FULBGNBN T E 0 ER/E L. MEORALI 2 EOMZN, 7L — i, 71—
FN®D 3 DIZXpF U TIHAE LRR, LTOZ LM bne ol

7 L— MEHIE T, #REABRETE 2851 (6/11=) 55%.

FRICRSEET L — NRICIRD & (6/9=) 67%.
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2. HuEkiw

2. HiEkEIW
2011 FFHALH T RKEVEMPHIZE DK 10 4ERITN D, BIE « REIE COHE OFRA I BRI
L OBV B &z,

2.1. K 10 £l p EAMET (HH, 2011; Tanaka, 2012)

HEIRE) & By (WX aWrEm Eo¥AWR ) & OB % Schuster @ 5%

(Schuster, 1897) ZHWWTHRIE. /X7 A—% p A (0-100%DEZE & 5) /ST E

FIREAE. T—2 X GCMT # % 17, 1976-2011 4, Mw5.0 LI L, 70 km L&D 541

AR,

ZEMIZAE : 200 km X200 km OV ¢ > K7 % 50 km T OBBE) SH208 5, AFEART 3000
A OMET —% 2 HWT p EEHE. TORKE, 12&AEDOHHTT p X 10%L
FERUABZMERS S L1302 720, FiE - KAEOFEIO p EIX 4.1% L /M &
SHERMHEEARH - T-.

RERIZEAL : ERD 4.1%DOFEIC OV T, 3000 H (K9 8.2 45) ORffE™ > K% 500 A (K
L4 4E) TOBEB S RN 5 pEAHE Li-. ZOREE, 1976 ALK 25 4£[11E 30%
PLEDOEWMEZ &V, AERMEBIERD Sy, L, 2000 FED B AEER]
¥ Cp EIFRAIZIKT L.

FREDHRIX, A~ TR TOT L — MERHBIZOWTHERESNATWDS. pliE

DR TR & AR TSN & 5.

2N Fig. 3| Spatial distribution of
p-values in the 3000 days prior to
the Tohoku-Oki earthquake. A
spatial window of 200 km x 200
km is moved by 50 km both in the
along-strike and along-dip
directions. For the window which
includes 20 or more earthquakes,
the p-value is indicated in the 50
km X 50 km square at the center of

40N

the window by the gray scale at
the bottom. Darker shades
represent smaller p-values. Dark
gray rectangle indicates the study
area. Light gray square indicates
the entire 200 km x 200 km
volume of the window marked by
A, which is referred to as region A.
Stars are the epicenters of the

- - - N - - ~ 2011 Tohoku-Oki earthquake and
e e e ueE e “eE e Ets largest foreshock (My 7.4).
Figure 1. Map showing the locations of shallow earth- M e 0 e
quakes (focal depth < 70 km, M,, = 5.0) from 1976 to 2011 %)
(black dots). Solid rectangle indicates the study area for
this investigation. Star is the centroid location of the 2011
Tohoku-Oki earthquake. Focal mechanism solution is shown
after the Global CMT catalog [Nettles et al., 2011].
(a) — (®)
12 L ‘wl 2 T (R
E SN _ p=0.34%
) F —0— ) N=47
= 10 —0—-A
£ E —o— | E 107 -
o L | 3
107 = g
E i
[ Reglon A |—O—i T
PP B it I AR AN UVE AN AR ATETI AT TR A | o
1880 1685 1980 1885 2000 2005 2010 -180 -850 O 80 180
Time (year) Phase Angle (degree)

Figure 4. (a) Temporal variation of p-value in region A indicated in Figure 3. A time window of 3000 days shown
by horizontal line is shifted by 500 days. (b) Histogram showing the phase distribution of earthquakes in region A in the
3000 days prior to the Tohoku-Oki earthquake. Solid curve is the best-fit sinusoid to the distribution.
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2.2.

2.

HERTH Y

(%) HE L HEREW B 5% (Tanaka et al., 2002, 2004)

Tanaka et al. (2002)3/~—/3— K CMT & # 1 7 Z W, 2R T 1977-2000 412 %
L7 Mwb.5 LI ED 9350 1 X b & BRI & OfETH &2 BL- 7=, Wrfg % 1 73, X5,
M BT USSR, HE & BRI & IR ORI A BT,

1.
2.

49350 A X M EOEF L DI S SRS L.
Wik AL OHIEIIAESH Y . KT 70 km DA, Mwb.5-6.9 THEID & .

3. HAWIS IR KIZZ2 50 LRNCHE TR & <090,

(a) Reverse (b) Normal
20 — 20 T T Table 6. Results of This Study”
9 p;fzgg 9 ﬁgﬁ) Fault Type Depth
E v % All Shallow Deep
o 101 — 6 100 — — Shear Stress  J1  Shear Stress  J1  Shear Stress  J1
> B o= S— 5 T C T g T T
g g | Reverse 0 0! o 0 0 il |
e e Normal y x o o %
Strike-slip X X x
‘8012060 0 60 120180  160-120-60 O 60 120 180 Oblique ‘ & a
Phase Angle (degree) Phase Angle (degree) * A circle indicates the case in which p < 5% appears for some magnitude
range(s), and a cross indicates the other case.
(c) Strike-Slip (d) Oblique P Correlation. is remarkable for smaller earthquakes.
20 , 20 — — “Correlation is remarkable for larger earthquakes.
p=87% p=62%
N=2145 N=547
10 10 1 ) -

Frequency (%)

I

Frequency (%)

8012060 0 60 120180
Phase Angle (degree)

%80120 80 0 60 120 180
Phase Angle (degree)

Figure 5. Frequency distributions of tidal phase angles for
the shear stress. The four histograms are for different fault
types: (a) reverse, (b) normal, (c) strike-slip, and (d) oblique
type. Solid curve represents a sinusoidal function fitted to
the distribution, of which peak 1s indicated by a triangle for
the case of p < 5%.

Tanaka et al. (20043 "—/3— K CMT & # v 7 Z <, &R T 1977-2003 (2%
L7 Mwb.0 LLE, 70 km PA7E, wWikiER (Rake=60-120" ) Z MW\ T, Mw7.5 L ED

Wik HR O AR p HEORTARALN L0 E WD

FEE Lz, TORER, &R

Lo 11 HOHMED H S 6 (=55%) T p EOA BRI TR TET-.

5 1986 Andreanof Is. (p=0.4)
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108 } £ gobpre o | | p=031%
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& o) F—o— |
a H-=osR= . 10
10% L : . L i L o
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- 2000 New Ireland (p=0.4)
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- o 3 N
£ 10 :
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! ) L o
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T T MW'?.G T T T
102 : & splpre - p=6%]
H—oe—H : !ﬁaﬂ = a4
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% 10’ F—o—H o 10 a1 1
e Al
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-2000 -1000 0 1000 2000 330 -90 90 180
M 7.71 994 Far Off Sanriku (p=0.8)
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Figure 4. (left) Temporal variation of p-value for the periods of 2500 days before and after the Mw = 7.5 earthquakes. A
time window of 1500 days, which is represented by horizontal bar, is shifted by 200 days. Shaded portion indicates
outside of the data period. (right) Frequency distributions of tidal phase angles in the 2000 days prior to the large
events. Solid curve reoresents a sinusoidal function fitted to the distribution.
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3. bfEZAt
AEANZ b EIMET LT WO MERDH D, 72720, T FEDEVIZE T b EOK
TRAARHIII e 5. ZERANCIR b I & K& < TLFIO G R .

3.1. 2004 “FLE O b EAMET (IR - i, 2011)
T — IR BT I bEIR. 2000 42 —20114F 4 A 26 H, M=2.5, 60 km L.
M D FBE (Mwm) X EMR ¥ (Woessner & Wiemer, 2005) THEE L, Mm L bAoA~
Mkt U ChRcbiE (57, 1965) T b & HEE L7-.
RERHICRE o MR T b EITK<, OB T, 2005 4E2 S b fEMKT.
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ﬁﬁm:M PMET (A3 - RiTHA, 2011)
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Mi,

Number

3. b

3.3. (B%) MuDHEN bEICE 2 2

M O FBR M OHETE 551X T 12 Wiemer and Wyss (2000)D T & Woessner & Wiemer
(2005)> EMR £ & 258 5. W I b BUERBIBHEE ST SO THEE T 5 b 0T, AT
FE LIz Mn ELEDO M Z N2 DIZH LT, BHITZETOM 25, BRENHEE LT
M (XA £V H5 0.2 KZ D22 5238 5 (Woessner & Wiemer, 2005).

TR LK OEFIE, Mm %2 Wiemer and Wyss (200000 FETHELZHDTHS.
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3. bfE

3.4. ZEREAL K b EIR L 7 AU T ¢ A% (BLHE - BiTH, 2011)
T =11 1990 225 2011 4 2 H £ TOHIMICIRE S oG T —oofbER (M=3.0, %
S 90km LK) o6, KEFET L— MEFSHER KO EERMER O L TRAEL T
WOHHE AR L7z, 0.056 27U v RZEEL, 527U v R BRTF D @ 200 HOME %
BV HL, Mm% Wiemer and Wyss (2000)D F{ETHEE L7z, Mm ML EOHEZ HWT,
eLiE (57, 1965) T b EZHEE L=, 7272 L, Mm L EOHIFES 50 fHASM D854 1% b i
EHEELRWZ L L L, ZORR, & b EEIX, 7L — FMER EOT AU T 1 Z3fklT
HZEITHHELTND (Wnhzd e, 7TARY T 413K bfE).

140° 142 144°
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38" -
36" 1
b value
0.3 05 0.7 0.

1.b & 7 AU 7 1 434, Yoshida et al. (2011, EPS) 23EFBBRMANTIC L > THEE L= T~ Ep =y
H—% 4 m BROER TR UL, BHHRIIAEER T 7 0% EENakajima and Hasegawa, 2006, GRL;
Nakajima et al., 2009, JGR), BIHHIS OHRFERRIT T ¢ U B LA T 7 EGEMRGLHE - i, 2008) , FHILT «
Vv AT 7 oAb (Uchida et al., 2010, JGR; Nakajima et al., 2009, JGR) % Z 1 EHRT .
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2011 4 B AL 5 AT PE T = @ﬁl&ﬂmﬁ%$ R EE B AE S O LA CREF I 2R Hi TR B &

PEo 7=, FEMZRMEATIC LV BTETEEL S W T DVBEIL TWAEEF2RNH L E 7R
St £, AIEOEHRE AW AE %E%M%kaomf%ﬁﬂfé.

4.1. AEBRICAELE 2ECHES 9oL VY DEHE (Kato et al, 2012)

RIS 5 ERBLARE 0@k 7 — Z I B L, MEIE & o fH BARBIf#AT 4 fi
TILT, KFPFTAZ a7 IZEENTWRWEEOM/NEZ R L, i 7eniiE ORI
NERTERE L. ZOHE a7 w2152 LT, REOMEERM R~ BIEE
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Fig. 2. Earthquake migration toward the rupture initiation point of the main-
shock. Space-time diagram of all detected events between 13 February and the
mainshock origin time, with earthquake origin locations indicated in terms of the
distance along the trench axis (blue circles scaled to magnitude). Red dashed
lines, approximate locations of the fronts of earthquake migration; red stars,
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repeating earthquakes in the JMA catalog (23); green stars, newly detected events
that were found to resemble those repeating events; black star, M, 9.0 main-
shock; yellow star, M,, 7.3 largest foreshock. (Inset) Time variations in seismicity
rates inside and outside the EMZ after the M,, 7.3 largest foreshock. The blue
dashed curve denotes the least-squares fitting of the modified Ohmoni law.
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4. RiE

4.3. FIBIEBOMFHIE S HBRATHIET L (Maeda, 1996; BiH - 503, 2011; Maeda
& Hirose, 2012)
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4.4. HIBOHERTFH (Ogata et al., 1996; HEHEFRHIZEHT, 2011a)
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Fig. 16 Estimated slip deficit in northeast Japan.
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5.4, ZERIO AR —R Y » 7 OHBMEIY Mw7.7 1Y (Ozawa et al., 2012)
RERIOAT—AY v 72O, 200341 A5 201141 AFETHOGPS 7T —#Ick
D3R OIFEMBEREEAZRETE LS. Ao—2 Y v ORI Mw7.7 F8241272 5.

42

38—
5 03/10/31 05/8/16 08/5/8 08/7/19 10/3/14
] " L] L)
. ] " H
: : Mw7.7
; .’f‘ & -0,
E s I;a:akl‘l.,:JG'.]J .“ i/ Mw?7.6
36—F @-‘k\";f.
T o ; Mw7.5
Jored Mw?7.4
1387
Figure 12. Preceding aseismic slip (black contours with an
interval of 0.1 m), coseismic slip of the Tohoku earthquake
(red contours with an interval of 8 m), and afterslip of the : H i H
Tohoku earthquake (blue contours with an interval of 1 m). . H- — -
Since the slip magnitude is very different among the three 2002 2004 2006 2008 2010 2012
events, we varied the contour interval as shown in this figure. . ) . X ) o
The center of the preceding aseismic slip is located between Figure 6. Time evolution of the estimated moment of aseis-
the centers of the coseismic slip and afterslip of the Tohoku mic slip from January 2003 to January 201 1. Vertical broken
earthquake. Small stars indicate the epicenters of the five lines indicate the dates of the five subduction earthquakes
subduction earthquakes (see text). The large star shows the (see text). The estimated moment from 2003 amounts to that
epicenter of the Tohoku earthquake. of an M, 7.7 earthquake.
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ar

Fig. 2. Coseismic and postseismic observed displacements and estimated slip distribution. (a) 2005 Miyagi-ken oki earthquake M;7.2 (August 16,
2005): (b) 2008 Ibaraki-ken oki earthquake M;7.0 (May 8, 2008); (c) 2008 Fukushima-ken oki earthquake M;6.9 (July 19, 2008); and (d) 2010
Fukushima-ken oki earthquake M;6.7 (March 14, 2010). (e) Coseismic observed displacements and estimated slip distribution of the 2011 Sanriku
oki earthquake Mj 7.3 (March 9, 2011). Black arrows and contours represent coseismic displacements and slip, and colored ones represent postseismic
displacements and slip in each panel, respectively. The contour interval of each coseismic and postseismic slip is 2 cm in panels (b), (c), and (d), 5 cm
in panels (a) and (e). Also, the arrows scale is 3 cm in panels (a), (c), and (¢) and 1 cm in panels (b) and (d). Broken lines indicate isodepth contours
of the plate interface with 20-km intervals (Nakajima and Hasegawa, 2006). Stars indicate the epicenter of each earthquake. Postseismic period is (a)
2.72 years: 20050817-20080507. (b) 0.19 years: 20080509-20080718, (c) 1.65 years: 20080720-20100313, and (d) 0.98 years: 20100315-20110308
(see also Table 1).
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7.3. HEOEBRIND KK -EBED 4 >ORRHIERTHERE (Ouzounov et al., 2011; He et
al., 2012)
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Figure 2 Time series of daytime anomalous OLR observed from NOAA/AVHRR (06:30 LT equatorial Figure 7 FoF2 data cross-correlation coefficient be-
crossing time) for March 1-12, 2011. Tectonic plate boundaries are indicated with red lines and major faults tween daily variations at Kokubunji and Yamagawa
by brown ones and earthquake location by open solid dots. Red circle show the spatial location of abnormal stations.

OLR anomalies within vicinity of M9.0 Tohoku earthquake.
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Figure 4 GIM GPS/TEC analysis. (a) Differential TEC map of March 8, 2011 at 15:00 LT. (b) Time series
of GPS/TEC variability observed from February 23 to March 16, 2011 for the grid point closest to epicenter
for the 15:00 LT. (c¢) Dst index for the same period. The Dst data were provided by World Data Center
(WDC), geomagnetism, Kyoto, Japan.
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