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ABSTRACT: The Japan Meteorological Agency (JMA) estimates coseismic source fault models using the
seismic waveform inversion for large earthquakes around the world in order to understand seismic source
information, such as seismic moment and seismic wave radiation source. To obtain the fine spatiotemporal
source rupture process, a multiple-time window linear inversion scheme using the theoretical Green’s
functions is applied to two different seismic waveforms: regional strong ground motion data observed in
Japan and teleseismic body waves observed worldwide. As an example of inversion analysis, we performed
an inversion for the 2013 Southern Tokachi Region Earthquake (Mw 6.9), and evaluated fault slip spatial
resolutions using the checkerboard resolution test. Large slip areas were roughly similar in both source fault
models obtained by teleseismic body wave and regional strong ground motion data analyses, but the total slip
area in teleseismic analysis was inconsistent with aftershock distribution due to poor spatial resolution.

Using source fault models estimated by JMA over the past four years, we investigated the scaling
relationships of the rupture area (Sr), the average slip (Dr) in the rupture area, and the combined asperities
area (Sa) with respect to the seismic moment for different earthquake types. The Sr, Dr, and Sa inferred from
obtained crustal and inter-plate earthquake scaling relationships were approximately the same as those of
previous studies. Sr and Sa for an intra-slab earthquake were larger than those of a previous study, while Sr
and Sa for an intra-slab earthquake were smaller than those for an inter-plate earthquake. The Dr for
inter-plate and intra-slab earthquakes was significantly smaller than that for a crustal earthquake. The ratios
of dimensions and average slip between Sa and Sr were comparable among different earthquake types.
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Fig. 1 Schematic diagram of the source fault model expression using a parameterized source time function. The star
indicates the initial rupture starting point. The strike is the angle on the plane of the earth’s surface measured
clockwise from north to the strike direction: 0° to 360°. The dip is the angle between the fault plane and the
horizontal: 0° to 90°. The slip angle is the angle between the slip vector in the fault plane and the strike direction:

-180° to 180°.
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top right. (b) Fault plane slip distribution with a contour interval of 0.3 m. The star indicates the initial rupture
starting point. Arrows indicate the hanging wall slip vectors relative to the footwall. Gray circles represent
aftershock epicenters, Mj, Japan Meteorological Agency (JMA) magnitude >1.5 within 24 hours of the main
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2000) using waveform cross-correlation. (c) Slip distribution projected on the map. (d) JIMA CMT mechanism
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KiK-net strong ground motion stations used in this analysis.
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Fig. 4 Source process analysis results using teleseismic body waves from the February 2, 2013 Southern Tokachi
Region Earthquake (Mw 6.9). Captions of (a)-(d) are the same as those for Fig. 2 (a)-(d). (¢) Comparison of
observed (thick lines) and synthetic (thin lines) displacement waveforms in 0.002-0.5 Hz. 55 P waves and 5 SH
waves are shown. The waveforms are displayed in source-to-station azimuth order. The waveforms’ origin is 10
seconds prior to the arrival of the P wave. The number at the top left of waveform is the peak-to-peak
displacement amplitude scale in pm and the number at the bottom left of waveform is the source-to-station
azimuth. The residual between observed and synthetic waveforms is 0.2586. (f) Distribution of the 55 IRIS
broadband seismic stations used in this analysis. Red circles indicate epicentral distances between 30° and 100°

from the main shock in 10 ° increments.
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Fig. 7 Checkerboard target fault models and the results of checkerboard resolution tests for (a) regional strong motion
data analysis and (b) teleseismic body wave analysis for the February 2, 2013 Southern Tokachi Region
Earthquake (Mw 6.9). Target fault models are composed of slips of 0 m and 1 m in alternating groups of (a) 1x1
and 2x2 subfaults and (b) 2x2 and 4x4 subfaults. The star indicates the initial rupture starting point.
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BT AR T2l 5. £0LT, M I 2013 4 5 AICESCTHRE L Mw6.6~8.8 DHIE
XT D, RSN, SBEROVET )&, TR (Table 1) K N2011 4F 3 H~2013 4F 4 AIZENTH
NU T 4 OB, TREERE T A T 4 D £ L7 Mw5.8~9.0 DHIFE (Table2) I oW TDORS
%1, DRSS S0 RICET 2 R e 7 AXY 7 JTOBFREBMITERLTHL. 22T, Mw ITXR
A OE%] ZHEY A TRHNCER L, BEFEDO X 7 — TOBRFEBMITICL S, 728, 201144 H 11 A
Vv ZAlE T 5. DFE B IRIE@ Y OHIFEIC SV TIE, EIFERANT <
K STz 2 oW B D% E T L (Table 2 @ No.

51 BREMBETIL 16, No.17) #xt5 L4 %. Table I, Table 2 |ZiZ,
TR G & T 5 BIREE £ 7 VI, 2009 F 9 A~ THEBO X A7, Thbb, WhEMENHE (Mws.8

Table 1 Source parameters identified from source fault models for earthquakes outside Japan''

ioin time 2 Focal Mw b Earthquak M Sr Sa Dr D
Origin time depth” k4 Region name R A ° Mw 5 . Salsr “  DaiDr
(y/m/d h:m) () CMT type (Nm) (km?)  (kmd) (m) (m)
1 2013/5/24 14:44 609 8.3 Sea of Okhotsk Intra-slab T 3.7.E+21 83 7000 1500 0.21 3.92 8.56 2.18
2 2013/5/24 2:19 171 7.4 South of Fiji Islands Intra-slab T 25E+20 75 6300 1400 0.22 0.52 1.32 2.53
3 2013/4/20 9:02 14 6.6 Sichuan, China Crustal T 9.8.E+18 6.6 900 100 0.11 0.33 0.81 2.44
4 2013/4/16 19:44 82 7.7 Iran-Pakistan Border Intra-slab T 4.3 E+20 7.7 7200 1900  0.26 0.77 1.81 2.36
5 2013/2/6 10:12 29 7.9  Santa Crus Islands Inter-plate T 6.2.E+20 7.8 21600 4400 0.20 0.41 1.20 296
6 2013/1/517:58 10 7.5 Southern Alaska, United States Inter-plate T 24E+20 75 3600 800 0.22 2.12 594 280
7 2012/12/11 1:53 155 7.1 Banda Sea Intra-slab T 6.1.E+19 7.1 1600 400 0.25 0.54 1.54 2.86
8 2012/11/11 10:12 14 6.8 Myanmar Crustal T 2.0.E+19 6.8 2800 600 0.21 0.25 0.48 1.94
9 2012/11/8 1:35 24 7.4  Guatemala Inter-plate T 94.E+19 173 4200 700 0.17 0.88 227 2.58
10 2012/10/28 12:04 18 7.8 Queen Charlotte Islands, Canada Inter-plate T 58 E+20 7.8 6600 1600 0.24 3.02 6.02 1.9
11 2012/10/1 1:31 170 7.2 Colombia Intra-slab T 6.8.E+t19 72 2200 550 0.25 0.54 1.34 246
12 2012/9/523:42 35 7.6 CostaRica Inter-plate T 2.0.E+20 75 2500 400 0.16 1.04 231 222
13 2012/8/27 13:37 28 7.4  Off Coast of Central America Inter-plate T 1.0.E+20 7.3 4900 1400 0.29 0.28 0.69 243
14 2012/3/26 7:37 35 7.1  Near Coast of Central Chile Inter-plate T 5.6.E+19 7.1 7000 1800 0.26 0.30 0.61 2.05
15 2012/3/21 3:02 20 7.4 Guerrero, Mexico Inter-plate T 1.4.E+20 7.4 2500 400 0.16 1.85 3.83 207
16 2012/2/6 12:49 11 6.7  Philippine Islands Crustal T 1.2.E+19 6.7 600 100 0.17 0.68 147 2.17
17 20111214 1405 143 7.  Costern New Guinea, Intra-slb T 65E+19 71 1225 325 027 072 132 184
Papua New Guinea
18 2011/10/23 19:41 16 7.2 Turkey Crustal T 5.9.E+19 7.1 1925 375 0.20 1.13 2.85 253
19 2011/9/16 4:31 626 7.3 Fijilslands Intra-slab T 1.3.E+20 7.3 5600 1500 0.27 0.18 038 2.08
20 2011/9/4 7:55 166 7.0 Vanuatu Islands Intra-slab T 38E+19 7.0 1400 275 0.20 0.40 1.06 2.69
21 2011/8/21 3:19 31 7.0 Vanuatu Islands Inter-plate T 3.6.E+19 7.0 4200 900 0.21 0.22 0.47 2.15
22 2011/8/21 1:55 32 7.1  Vanuatu Islands Inter-plate T S3.E+19 7.1 5600 1300 0.23 0.25 0.60 239
23 2011/6/24 12:09 59 7, FoxIskands, Aleutian Islands, Itraslab T 99.E+9 73 6400 900 0.14 025 061 242
United States
24 2011/3/24 22:55 8 6.8 Myanmar Crustal T 2.1.LE+19 6.8 875 200 0.23 0.79 1.62  2.06
25 2011/1/3 5:220 24 7.2 Near Coast of Central Chile Inter-plate T 4.8.E+19 7.1 2200 450 0.21 0.78 1.66 2.13
26 2010/10/25 23:42 20 7.7 Southern Sumatera, Indonesia Inter-plate T 3.5.E+20 7.6 18900 3825 0.20 1.17 245 210
27 2010/9/4 1:35 12 7.0 South Island, New Zealand Crustal T 4.0.E+19 7.0 1200 175 0.15 1.20 2.08 1.73
28 2010/8/12 20:54 204 7.1  Ecuador Intra-slab T 6.8.E+19 72 1225 300 0.25 0.09 0.18 2.05
29 2010/8/10 1423 35 7.2 Vanuatu Islands Inter-plate T 7.1.E+19 7.2 750 125 0.17 3.26 6.74 2.07
30 2010/7/24 7:51 585 7.6 Mindanao, Philippine Islands Intra-slab T 3.4E+20 7.6 6600 1700  0.26 0.39 0.81 2.10
31 2010/7/24 7:08 607 7.3 Mindanao, Philippine Islands Intra-slab T 1.2.E+20 7.3 4500 1000 0.22 0.18 036 1.98
32 2010/5/28 2:14 31 7.2 Vanuatu Islands Inter-plate T 6.7.E+19 72 2400 400 0.17 0.92 2.16 235
33 2010/5/9 14:59 45 7.2 Northern Sumatera, Indonesia Inter-plate T 8.8.E+19 72 2500 500 0.20 0.95 1.74 1.83
34 2010/4/14 8:49 17 6.9  Qinghai, China Crustal T 2.1.LE+19 6.8 1600 400 0.25 0.45 098 221
35 2010/4/7 7:15 31 7.7 Northern Sumatera, Indonesia Inter-plate T 4.0.E+20 7.7 9900 2600 0.26 1.07 2.05 1.92
36 2010/4/5 7:40 10 7.2 Baja California, Mexico Inter-plate T 85E+19 72 3000 650 0.22 0.99 2.08 211
37 2010/2/27 15:34 35 8.8 Near Coast of Central Chile Inter-plate T 2.1.E+22 88 90000 22000 0.24 833 1499 1.80
38 2010/1/13 6:53 13 7.1  Haiti Crustal T 5.0.E+19 7.1 1000 250 0.25 1.91 4.11 2.15
39 2009/10/8 7:03 45 7.6 Vanuatu Islands Inter-plate T 2.6.E+20 75 6400 1000 0.16 1.41 2.86 2.02
40 2009/9/30 19:16 81 7.5 Southern Sumatera, Indonesia Intra-slab T 24E+20 7.5 1050 150 0.14 476 1059 223

*1 Myand Mw: seismic moment and moment magnitude; Sr: rupture area; Sa: combined area of asperities; Dr: average
slip in S7; Da: average slip in Sa

*2 USGS quick epicenter determination (Japan standard time)

*3 JMA CMT solutions

*4 Data type used in source process analysis; T: teleseismic body wave
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Table 2 @ Data fiZR). 1 SDOHFEIC OV T, EH ORI UTEBOEL, REHIZTE T EFHE
FEURUE AT & T TR BRI T AT O 1 5 O FRAT R SR A WA AEEE (Sr) L L,Sr O T R0 E (D) %
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. s . *
Table 2 Source parameters identified from source fault models for earthquakes in and around Japan"'
Low Focal Mw b Earthquak M Sr Sa D D
o] » ) e .
Origin time depth 2 *}3, Region name qu Data™ o Mw 2 5 SalSr " < Da/Dr
(y/m/d h:m) (k) CMT type (Nm) (km")  (km") (m) (m)
1 2013/4/13 5:33 15 5.8 Awajishima Island Crustal R 53.E+17 58 140 32 023 0.10 032 3.12
2 2013/2/223:17 102 6.9  Southern Tokachi region Intra-slab R 27.E+19 69 1575 350 0.22 0.26 0.69 2.67
3 2012/8/14 11:59 654 7.7 Southern Sea of Okhotsk Intra-slab T 39.E+20 7.7 2400 500 0.21 1.33 291 219
4 2012/6/18 5:32 47 6.3 East off Miyagi Prefecture Inter-plate R 3.8E+18 63 1050 225 021 0.05 0.15 291
5 2012/1/1 1427 397 6.8  Near Torishima Island Intra-slab T 2.6.E+19 69 600 100 0.17 0.53 0.95 1.80
6 2011/11/24 19225 43 6.2 South Off Urakawa Inter-plate R 2.8.E+18 6.2 168 48 0.29 0.25 0.72  2.90
7 2011/11/8 11:59 217 6.9  Northwest Off Okinawa Island Intra-slab T 22.E+19 68 875 150 0.17 0.41 .02 247
8 2011/9/17 426 7 6.6  East off Iwate Prefecture Inter-plate T 1.7.E+19 6.7 1225 200 0.16 0.45 0.80 1.80
9 2011/8/19 14:36 51 6.3 East off Fukushima Prefecture Intra-slab R 45E+18 64 225 63 028 0.29 0.84 2.87
10 2011/8/123:58 23 5.9  Suruga Bay Intra-slab R 1.2.E+18 6.0 120 28 023 0.22 0.71 3.20
11 2011/7/31 3:53 57 6.4  East off Fukushima Prefecture Intra-slab R 49.E+18 6.4 270 54 0.20 0.26 0.84 3.28
12 2011/7/25 3:51 46 6.3 East off Fukushima Prefecture Inter-plate R 42E+18 64 504 144 0.29 0.24 046 1.92
13 2011/7/23 13:34 47 6.3 East off Miyagi Prefecture Inter-plate R 4.0.E+18 63 875 75 0.09 0.06 0.43  6.64
14 2011/6/23 6:50 36 6.7  East off Iwate Prefecture Inter-plate R 1.6.E+19 6.7 720 180 0.25 0.28 0.62 2.17
15 2011/4/12 14:07 15 5.9  Eastern Fukushima Prefecture Crustal R 1.4E+18 6.0 168 32 019 0.27 1.00 3.77
16™ 2011/4/11 17:16 6 6.7  Eastern Fukushima Prefecture Crustal R 9.5.E+18 6.6 300 38 0.13 0.89 1.58 1.78
177 - - - Eastern Fukushima Prefecture Crustal R 8.8.E+18 6.6 262.5 50 0.19 1.04 191 1.83
18 2011/4/723:32 66 7.1  East off Miyagi Prefecture Intra-slab R S3.E+19 7.1 1500 350 0.23 0.93 1.91 2.07
19 2011/3/23 7:12 8 5.7  Eastern Fukushima Prefecture Crustal R 1.4E+18 6.0 120 28 023 0.32 0.70 2.16
20 2011/3/19 18:56 5 5.8 Northern Ibaraki Prefecture Crustal R 1.2.E+18 6.0 224 36 0.16 0.14 037 273
21 2011/3/1522:31 14 6.0  Eastern Shizuoka Prefecture Crustal R L.LLE+18 6.0 96 16 0.17 0.32 0.83 255
22 2011/3/12 3:59 8 6.3 Northern Nagano Prefecture Crustal R 42E+18 64 308 76 0.25 0.43 0.89 2.09
23 2011/3/11 15:15 43 7.7  East off Ibaraki Prefecture Inter-plate R 53.E+20 7.8 7200 1300 0.18 1.32 292 221
24 2011/3/11 15:08 32 7.4 East off Iwate Prefecture Inter-plate R 1.4E+20 74 2250 525 023 0.97 211 218
the 2011 off the Pacific Coast
: . | 4. E+ . . . . .
25 2011/3/11 1446 24 9.0 of Tohoku Earthquake Inter-plate R 34E+22 9.0 83125 20625 0.25 1022 25.12 246
26 2011/3/9 11:45 8 7.3 Far East Off Sanriku Inter-plate R 9.5.E+19 73 5600 800 0.14 0.43 1.33  3.08
*1 My and Mw: seismic moment and moment magnitude; Sr: rupture area; Sa: combined area of asperities; Dr: average

slip in Sr; Da: average slip in Sa
*2 JMA seismic catalog (Japan standard time)
*3 JMA CMT solutions

*4 Data type used in source process analysis; T: teleseismic body wave; R: regional strong motion data

*5 Two fault planes, Nos. 16 and 17, were set in the source process analysis.
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Fig. 8 Examples of rupture areas (rectangular area enclosed by light-green lines) and asperities (area enclosed by red
lines) identified from source fault models of the (a) 2011 Eastern Shizuoka Pref. Earthquake, Mw 6.0 (No. 21 in
Table 2); (b) 2010 Near Coast of Central Chile Earthquake, Mw 8.8 (No. 37 in Table 1); (¢) 2013 Sea of Okhotsk
Earthquake, Mw 8.3 (No. 1 in Table 1); and (d) 2011 off the Pacific Coast of Tohoku Earthquake, Mw 9.0 (No. 25
in Table 2). The rectangular area enclosed by bold black lines and the rectangular area enclosed by thin black
lines indicate the entire fault plane and sub-fault in the source process analysis, respectively. The star indicates

the rupture starting point.
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Table 3  Scaling relationships of source parameters

Equation Earthquake type a Mw range
Crustal (this study) 1.27x1071° 58~7.1

Inter-plate (this study) 1.64x10"°  6.2~9.0

S axM02/3 Intra-slab (this s.tudy) 1.01x 10:12 6.0~823
Crustal (Somerville et al., 1999) 1.04x10 57~172

Inter-plate (M urotani et al., 2008) 1.48x107'° 6.7~8.4

Intra-slab (Iwata and Asano, 2011) 6.57x10™" 6.6 ~8.3

Crustal (this study) 2.48x1077 58~7.1

Inter-plate (this study) 1.54x1077 6.2~9.0

Dre axM(,l ;3 Intra-slab (this s.tudy) 1.18x 10:3 6.0~8.3
Crustal (Somerville et al., 1999) 3.36x10 57~172

Inter-plate (M urotani et al., 2008) 1.48x1077 6.7~8.4

Intra-slab (Iwata and Asano, 2011) 2.25%1077 6.6~8.3

Crustal (this study) 2.40x10™M! 58~7.1

Inter-plate (this study) 3.32x10™" 6.2~9.0

53 Intra-slab (this study) 2.21x10™" 6.0~8.3
Sa=axM, Crustal (Somerville et al., 1999) 2.32x107" 57~72
Inter-plate (M urotani et al., 2008) 2.89x10™! 6.7~8.4

Intra-slab (Iwata and Asano, 2011) 1.04x10™" 6.6 ~8.3

Crustal (this study) 0.19 5.8~7.1

Inter-plate (this study) 0.20 6.2~9.0

Sa=axSr Intra-slab (this study) 0.22 6.0~8.3
Crustal (Somerville et al., 1999) 0.22 5.7~172

Inter-plate (Murotani et al., 2008) 0.2 6.7~8.4

Crustal (this study) 2.3 5.8~7.1

Inter-plate (this study) 2.3 6.2~9.0

Da=axDr Intra-slab (this study) 2.4 6.0~8.3
Crustal (Somerville et al., 1999) 2.01 57~172

Inter-plate (M urotani et al., 2008) 2.2 6.7~8.4
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M, (Nm)
e Somerville et al. (1999)

o Miyakoshi (2002), Miyakoshi and Irikura (2013)

e This study (Crustal)
— Somerville et al. (1999)
— Irikura and Miyake (2001)
— Murotani et al. (2010)
--- Tajima et al. (2013)
— This study (Crustal)
+ o of this study (Crustal)

M, (Nm)

® Murotani et al. (2008)
e This study (Inter—plate)
— Murotani et al. (2008)
--- Tajima et al. (2013)
— This study (Inter—plate)
+ o of this study (Inter—plate)

M, (Nm)

e [wata and Asano (2011)
o This study (Intra—slab)

—:‘
0 100 200 300
Focal depth (km)
— Iwata and Asano (2011)
— This study (Intra—slab, All focal depth)
This study (Intra—slab, Focal depth <102km)
=+ o of this study (Intra—slab, All focal depth)

Fig. 9 Relationships of rupture area (Sr), average slip (Dr) in the rupture area, and combined area of asperities (Sa)
with respect to M, for (a) crustal earthquakes, (b) inter-plate earthquakes, and (c) intra-slab earthquakes. The
relationships by Somerville et al. (1999), Miyakoshi (2002), Miyakoshi and Irikura (2013), Irikura and Miyake
(2001), Murotani et al. (2010), Tajima et al. (2013), Murotani et al. (2008), and Iwata and Asano (2011) are
compared for reference.
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X Somerville et al. (1999) L IFIX—F L7=28, FEM
WZH B & SrixkE< Drid/hEho7 (Fig. 9 (a) @
Mo-Sr, Mo-Dr). Dr B/NE o T=DiX, SrBdRKE»

(a) , M,

Rupture area: S, (km?)
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M, (Nm)

— Somerville et al. (1999)

— Murotani et al. (2008)

--- Iwata and Asano (2011)

— This study (Crustal)

— This study (Inter—plate)

— This study (Intra—slab, All focal depth)

Fig. 10 Relationship comparisons of (a) Sr, (b) Dr,
and (c) Sa with respect to M, among different
earthquake types. The relationships by Somerville
et al. (1999), Murotani et al. (2008), and Iwata and
Asano (2011) are compared for reference.

SR ZEITED, TRYVER My2rH (20) K2 LY
BRINHIBIONEDICREb bz Z L BRE &
EZx2 bbb, Fig.9(a) OARFILD Srik, Mw7 it
BWTAE - =F (2001) ORI LD Srkv b
RRKREWEPMBR LN DM, KO Mw 7L E
DT —ZEN VI, BRI T
VY. N E I N HILEE @ Sa 1% Somerville et al. (1999) &
< —FLen, - AF (2013) X b RE M,
- 7= (Fig. 9 (a) ® My-Sa). EHE « A& (2013) 1,
% 5 @ Sa 7% Somerville et al. (1999) £ ¥ &/ X W R
HELT, MtLEFE AL EOERKETT VOfE
frefunsnie 7 ) — U BEEABIH AT 2 —=
YIS Z LK) EmEEL S, Somerville et al.
(1999) LW b BFEBEN L v —F Tholzlzh & ®E
B L. RMFO Sa NEM - AF (2013) LV b K
Eoldit, [BEITOREMIEET VERD HE
WCaRBNETHRED 7V — UK E AW Z &R
K22 b Livigu.

T — MERAMTED My-Sr, My-Dr, My-Sa D% F
f%1%, Murotani et al. (2008) & £ < —% L7~ (Fig. 9
(b)). Fig. 9 (b) ® Mw 8.8, 9.0 DE K727 L — hEE
RMED Sr, DriL, Mo-Sr, Mo-Dr DEBRMN L0
REENT WD 2N, HE - fit (2013) LB TH -
7.

2T THNMED Sr, Sal¥, Iwata and Asano (2011)

Table 4 Comparison of Sr, Dr, and Sa for Mw 7.5 by
various scaling relationships. Underlined numbers in
each column indicate value ratios calculated from
the scaling relationships to the value calculated from
the crustal earthquake scaling relationship in this

study.
Earthquake type Sr (km®) Dr (m) Sa (km?)
) 4682 1.51 885
Crustal (this study)
o L0 10
4 .94 1224
Inter-plate (this study) 6047 09
13 06 14
3724 0.72 815
Intra-slab (this study) 7 7
08 05 09
. 3816 2.04 856
Crustal (Somerville et al., 1999)
08 14 10
. 5457 0.90 1066
Inter-plate (Murotani et al., 2008)
12 06 12
2422 1.3 383
Intra-slab (Iwata and Asano, 2011) 7
05 09 04
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X0y K& (Fig. 9 (c)). T OHEMIL, Iwata and
Asano (2011) A L-EFRBIEET L OHS (F
DTS 35~115km) S RIBEOERS (BIROES
23~102km, Fig. 9 (c) DEADEIFEMR) THE LT
ThHo7-. 2O L5 7 Iwata and Asano (2011) & DiE
WA U700, WIZIR 2 ZBIRETE T 7 L O T
W8T DM T — & O JFHHE W i o 3% E B R K
L& 2 5%, Iwataand Asano (2011) BAFHE L 7-1F
&AL ORBIFIE T T O TIX, A1 R
FTOMBRBENH O, ERSCEA SRR D
BEE OB R ARE Sz, —F, [IBETOITE
A & O HIBR B AR CIE, A S BREREE TO
I ERMOWEE T —2PHwb iz, £,
BT O M E RPN T, B RREE oK
T —2 AL NTR, FORERS ST EIRE
BETNA~OEBEYERT — 2 OFGIT/HhINEE
bbb, F£lo, BESNTEWEBRIZ I HOATH

&

(a) Crustal earthquake

(b) Inter—plate earthquake

Sl INHOEEANE, KBTORAT7THNHED
FEIRWE €5 L1, Iwata and Asano (2011) 2354 L
ToBIRWIE T T VAR TT RO AR O RR N 072
LI D, Sr, Sa & LT SN2 A < 72
St EZBND. AT THNMED Dr i’ Iwata and
Asano (2011) £V H/hS o7 (Fig. 9 (c)) DL, Sr
BRENSTZZEIZEY, TRYVED M, 15 (20)
RICLVBHEIN DB/ SDICABEL bz b
NRERREBZLND. WEINEWY Dr (Fig. 9 (0)®
My-Dr OFBEGER) 28, ETORESOHELY LK
ENoTeDiE, BWIZEMIMEREN NS WD EE X
bhd.

My-Sr, My-Dr, My-Sa D% BMRXOMEZ 1 7
DO (Fig. 10, Table 4) 225 &, A7 7THNHE
DS, SalI7L— MESRHMEIY b/NEhole
DOAHE A X, Iwata and Asano (2011) &R U Th o 7=,
¥ 7z, Strasser et al. (2010) B {AHF D Mw5.9~9.4

-
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(c) Intra—slab earthquake
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e [wata and Asano (2011)
e This study (Intra—slab, All focal depth)
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e Somerville et al. (1999)
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Fig. 11 Relationships between Sr and Sa, and relationships between Dr and Da for (a) crustal earthquakes, (b) inter-plate
earthquakes, and (c) intra-slab earthquakes. The relationships by Somerville et al. (1999), Miyakoshi (2002),
Miyakoshi and Irikura (2013), and Murotani et al. (2008) are compared for reference.
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OMIEN BB Ul My 23T Dk o BERICE
WTbAabZ., FL— MERMEL A7 7T NHIE
D Dr %, NREHFENHED 0.5~0.6 £ & BRI/
E/no7z (Tabled). TOEHE LT, FL— MER
HEE 22\ T, Murotani et al. (2008) A& £ L7 &

2T, Sr DNEMFNHE LD L0 KE o2
(13 f%) &, MyibH ) BE~OHBEIZHND
AT R T N P AR N IR O T AN & W2 v E
Zb6nd. £, AZTAMBIZONTHE, SrixN
PEis N HEE & R (0.8 f5) Tholzbod
27 T NHIEDOZ  ITBIFESEE S WIMEEN K E Wiz
O, BIRBEL R DHI1EE Dr /NS VWEHR D H - 7=
Z & (Fig. 9(c) ® My,-Dr) TS h 5.

Sr-Sa, Dr-Da O%F% (Fig. 11) &5 &, £
WEX A 72>V TY Sa/Sr bk, Da/Dr tbiZ—7E D
RTHoT=., T ORI My IIERFE LW, £72,
Sa/Sr F=0.19~0.22, Da/Dr t=2.3~2.4 (Table 3) I
HMEX A THOREREWVITAONT, BEENEL
FE—%T 5. Lal, WHEHZENHED Sr-Sa
f& (Fig. 11 (a)) Z#FEMIC A2 & EME - AF (2013)
D Sa 1Tk x <, 2t Bk L7z Fig. 9 (a) @
My-Sa BISF CTEIE « A (2013) ® Sa /& o

LTHIET D .

A@&%Mﬁ(nmw)%%wrsr BB FY
IS BETE (Ac) ZHIESY A TRHNZKRDD. Ac 1T,
WrEmEhE2MEs 7 v 7 EAUE LIZSHEOROHE
i (Eshelby, 1957) & M,-Sr R 5RD 5.

Ac = (T 116)x M, | Sr? (25)

(25 K2k 2 &, M-Sy BfRIZ, WiEmAMEOS
B, A I MyIZEBT—ETHDHZ LERL T
5. Fig. 12121%, M,-SrBfR & Ac OBfRZ =T . 72
L, SrORS (L) Mg (W) L TERL R (T
AR MERKREL2D) BAE, (25 XowEAic
MERDHD. 22T, BEDEDT AT M (L/W)
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VNGB TE A’ bR, TORER, MEX A4
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Fig. 12 Relationship of Sr with respect to M,. Oblique
lines are the isolines of average stress drop (MPa)
assuming a circular crack (Eshelby, 1957).
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