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Somerville(2003

Somerville(2003)
Abrahamson and Silva, 1997

Abrahamson and Silva, 1997

K-NET KiK-net Aoi et al. 2004 Nishijima et al. 2004
, 1986

AVS30 Vs=1000-1500km/s

Somerville(2003)  
 
2.2  

2000 18 9 8 1

Mw 5.5-7.1 2.1 2.2
2.1 Mech. SS RV NM  
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Mo Mw
F-net 1998 F-net CMT

Reference
  

 
2.1 2000

2000; 2000 2004 Maruyama et al., 2005 2008
Takada et al., 2009; 2010 2011 2012

2014 2015; 2015; 2015 2017 2016
Sugito et al. 2016 2016 Shirahama et al. 2016

2000 10-20cm

2004 1km 10-20cm 2000
 

 Mech.* Mo(Nm) Mw Reference  

2000  SS 8.62E+18 6.6 Iwata et al.(2000) ** 

2003  RV 1.53E+18 6.1 Hikima and Koketsu(2004)  

2004  RV 7.53E+18 6.6 Asano and Iwata(2009) ** 

2005  SS 7.80E+18 6.6 Asano and Iwata(2006)  

2007  RV 1.36E+19 6.7 Asano and Iwata(2011)  

2007  RV 9.30E+18 6.6 Miyakoshi et al.(2008)  

2008  RV 2.72E+19 6.9 Cultrera et al.(2013)  

2011  RV 2.13E+18 6.2 (2011a)  

2011  SS 8.38E+18 5.9 (2011b)  

2011  NM 9.58E+18 6.6 (2013)  

2013  SS 5.54E+17 5.8 (2014)  

2013  RV 5.47E+17 5.8 (2015)  

2014  RV 2.76E+18 6.2 (2014)  

2016  SS 1.74E+18 6.1 (2016)  

2016  SS 4.42E+19 7.1 (2016)  

2016  SS 2.24E+18 6.2 (2016)  

2018  SS 3.34E+17 5.6 (2018)  

2018  SS 2.32E+17 5.5 (2018)  

*  SS Strike Slip,  RV Reverse Slip,  NM Normal Slip 

**  
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2016 Sugito et al. (2016)

2005
2007 2007

 

 
2.3  

40km K-NET
KiK-net 40km

200Gal  AVS30 500m/s 2016
(2018) H/V DNL 2011

AVS30 PS K-NET PS
30m Kanno et al.(2006) (2.1)  

 Length(km) Width(km) Strike Dip  

2000  33 21 150 90 12 

2003 * 12, 6 10, 6 186, 220 52, 45 11 

2004  28 18 212 47 12 

2005  26 18 122 87 5 

2007  30 16 58 60 5 

2007  28 18 30 40 7 

2008  43 17 209 40 15 

2011  20 12 35 43 17 

2011  6 10 31 80 19 

2011 * 26, 14 16, 16 158, 125 62, 60 13 

2013  12 7 165 80 19 

2013  11 11 179 65 7 

2014  20 15 25 61 12 

2016  15 13 211 87 11 

2016  40 16 235 88 7 

2016  20 16 162 88 14 

2018  7 9 330 85 13 

2018 * 4, 5 6, 6 351, 52 50, 77 12 

* 2  
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AVS30=1.13AVS20+19.5 (2.1) 

 
AVS20 20m S PS 20m 20m

AVS20 2008 IWTH25 3 4022Gal
AKTH04 3 2600Gal

 
P 1 40.96

P S 0

AVS30 Vs=1000-1500m/s

2005

(2005) 160

0.1-5.0

(2005) 2

 

RotD50 Boore et al, 2006
(2.2)   

 

Average Ratio(t)=
1
m

ln(
Resobs,j t

ResGMPE,j t
)

m

j=1

 (2.2) 

 
t m Resobs, j j

ResGMPE, j j
Average Ratio m

2005 2007
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2007

2.2 5-20  
Morikawa and Fujiwara(2013)

PGA PGV
2011

S
3000m/s AVS30=1500m/s

2
 

 

2.4  

PGA PGV SA
Somerville, 2003 Abrahamson and Silva(1997)

Somerville(2003) Abrahamson and Silva(1997)

 
 

2.4.1  

Somerville(2003)
Abarahamson and Silva, 1997

(2.3)  
 

All Average(t)=
1
n

1
m

ln(
Resobs,i,j t

ResGMPE,i,j t
) ≈0

m

j=1

n

i=1

 (2.3) 

 
t n Somerville(2003) 10 m

Resobs, i,  j i j ResGMPE, i,  j i
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j All Average n
All Average 0

 
(2.3)

Somerville(2003) Abrahamson and Silva(1997)
Next Generation of Ground Motion Attenuation Model (NGA) project

Chiou and Youngs(2008) Morikawa 
and Fujiwara(2013) Somerville(2003)

(2.3)

2  Vs=1500m/s Morikawa and Fujiwara(2013)
 

 
2.4.2 Abrahamson and Silva(1997)   
Abrahamson and Silva(1997) M4.4-7.4 58 655

0.01-5.0

2
(2.4) . 

 
ln SA g =f1 M,rrup +Ff3 M +HWf4 M,rrup +Sf5 PGArock  

 
M≤c1 :f1 M, rrup =a1+a2 M-c1 +a12 8.5-M n+ a3+a13 M-c1 ln R 
M>c1 :f1 M, rrup =a1+a4 M-c1 +a12 8.5-M n+ a3+a13 M-c1 ln R 

R= rrup
2 +c4

2 

 

f3=

M≤5.8 a5

5.8<M<c1 a5+
(a6-a5)

c1
M≥c1 a6

 

 
f4(M,rrup)=fHW(M)fHW(rrup) 

 
 
 
 
 
 
 

(2.4) 
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fHW M =
M≤5.5 0

5.5<M<6.5 M-5.5
M≥6.5 1

 

fHW rrup =

rrup<4 0

4<rrup<8 a9
rrup-4

4
8<rrup<18 a9

18<rrup<24 a9 1-
rrup-18

7
rrup>25 0

 

 
f5 PGArock =a10+a11ln(PGArock+c5) 

 
 
 
 
 
 

(2.4) 
 

 
 
 
 

 
 

SA(g) g M rrup

F 1 0.5 0 HW 1
0 S 1 Vs>600m/s 20m 0 Vs>600m/s
20m a, b, c PGArock

Vs 600m/s 2
 

 
2.4.3 Chiou and Youngs(2008)   
Chiou and Youngs(2008) NGA project 5 Abrahamson and Silva, 2007; 

Boore and Atkinson, 2007; Campbell and Bozognia, 2007; Idriss, 2007 1 172

3500 1995
22 NGA project M5.5-7.5

5 (Abrahamson et al.,2008) (2010)
7 NGA5 (2006)

1.0 Chiou and Youngs(2008)
1.0 Somerville(2003) Chiou 

and Youngs(2008) (2.5)(2.6) Chiou and Youngs(2008)
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ln Yref =c1+ c1aFRV+c1bFNM+c7(ZTOR-4) +c2 M-6 +
c2-c3

cn
1+ecn cM-M +c4ln[Rrup+c5 

c6max(M-cHM,0) ]+(c4a-c4)ln( Rrup
2 +cRB

2 )+ cγ1+
cγ2

cosh max(M-cγ3,0)
Rrup 

c9FHWtanh
Rxcos2δ

c9a
1-

RJB
2 +ZTOR

2

Rrup+0.001
 

 

(2.5) 

ln Y = ln Yref +ϕ1min ln
Vs30

1130
,0 +ϕ2 eϕ3( min vs30, 1130 -360)-

eϕ3(1130-360) · ln
yref+ϕ4
ϕ4

+ϕ5 1-
1

cosh(ϕ6 max (0,Z1.0-ϕ7))
+

ϕ8
cosh 0.15 max 0,Z1.0-15

 
(2.6) 

 
(2.5) Yref

PGA PGV ZTOR M
Rrup RX

RJB FRV

30 150 1 0 FNM -60 -120
1 0 c (2.6)
Y Vs30 30m S
Z1.0 S 1.0km/s S

(2.7)  
 

ln Z1.0 =28.5-
3.82

8
ln(vs30

8 +378.78) (2.7) 

 
Chiou and Youngs(2008)

GMRotI50 Boore et al. 2006
 

 
2.4.4 Morikawa and Fujiwara(2013)  

Morikawa and Fujiwara(2013) Kanno et al.(2006) 2011

Kanno et al.(2006) 1968
2003 12

Morikawa and Fujiwara(2013)
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(2.8)(2.9)(2.10)  
 

log pre =a1 Mw1
' -Mw1

2
+b1-kX+c1_k-log(X+d1·10e1Mw1

'
) 

Mw1
' =min(Mw, Mw01) 

(2.8) 

  

log pre =a2Mw2
' +b2-kX+c2_k-log(X+d2·10e2Mw2

'
) 

Mw2
' =min(Mw, Mw02

' ) 
(2.9) 

  

Gd=log
obs
pre

=pd·log
max(Dlmin,D1400)

Do
 

Gs=log
obs

preGd
=ps·log

min(Vsmax,Vs30)
Vo

 
(2.10) 

 
(2.8) (2.9) pre PGA

PGV Mw X k
1 2 3 a b c d

(2.8) (2.9) M8 Mw01, 
Mw02, Mw1 M7

(2.8) (2.10) Gd

D1400 Vs=1400m/s Gs Vs30 30m S
pd ps  D1400 (2009) 1400m/s

KiK-net PS Vs=1400m/s

AVS30 2.1 (2.11)  
 

D1400=215.2×exp(-0.002×AVS30) (2.11) 
 

Morikawa and Fujiwara(2013)

2 PGA PGV
 

 
2.4.5  

Mw6.5 10km
2.2 2.3 2.2 AVS30=600m/s 2.3 AVS30=300m/s

Chiou and Youngs(2008)
4km 1.0 Morikawa and  
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Fujiwara(2013) 1.0

Chiou and Young(2008) 200Gal
500-600Gal Abrahamson and 

Silva(1997) 2 AVS30
D1400 Z1.0

Morikawa and Fujiwara(2013) Chiou and Youngs(2008)

Abrahamson and Silva(1997) 2 Chiou and Youngs(2008) GMRotI50 Boore et al., 
2006 2 Morikawa and Fujiwara(2013) 2

 

(2.3)  Somerville(2003)
All Average

2.4 2.5 2.6 2.7
2.5 Abrahamson and Silva(1997) 2.6 Chiou and Youngs(2008) 2.7 Morikawa and Fujiwara(2013)

RotD50 Boore et al., 2006
Morikwa and Fujiwara(2013) 2

RotD50 (2.3) 2.4 Abrahamson and 

Silva(1997)
0.3 0.3

Chiou and Youngs(2008) Abrahamson and Silva(1997)
Morikawa and Fujiwara(2013)

Morikawa and Fujiwara(2013)

2.5 2.6 2.7
2.4 All Average

Abrahamson and Silva(1997) Chiou and Youngs(2008)
1.0

Morikawa and Fujiwara(2013)

2.7
3.0 -0.5 0.6

0.2
1.2 -0.2

0.8
1.5~2.0  
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2011 2016
2007 2013

 

 
2.4.6  

1.5-2.0
2.8

2005

2016 2007
1Hz

AVS30 D1400
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S.D. 0.1s 0.2s 0.3s 0.5s 0.7s 1s 2s 3s 5s 
0.45 0.49 0.47 0.63 0.86 0.97 0.72 0.51 0.44

 0.62 0.40 0.31 0.40 0.41 0.43 0.32 0.26 0.25 
 
 

 
2.9 2016

Morikawa and Fujiwara(2013) AVS30= 
1500m/s Vs=3000m/s

2 2.9
2.3

1.0 0.97  
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2.9
0.1 0.5

 

Morikawa and Fujiwara(2013) AVS30=1500m/s

2 Vs=3000m/s 2.10
(2.3) All Average 0.2

-0.4 0
 

 
2.5  

2.11

2.11

0.2-2.0 0.5 1.6
2.0  
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0.1-1.0 0.2 1.2 1.0

0.5 0.6

Somerville(2003)
3

 
2013 2011

2013 2.84km
2011

2014

2016 2.12.1
2.11 0.2-

2.0
1.0

km
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2016
2.12.2- 2.12.18  

 
2.6  

2000 18

 
Somerville, 2003) Abrahamson and Silva(1997) NGA project Chiou and 

Youngs(2008) Morikawa and Fujiwara(2013) 3

Morikawa and Fujiwara(2013)  

3.0
1.5-2.0  

0.2-2.0 0.1-1.0

 
 

 
 
 
 
 
 

 
 
 
 



 35 

     

    

 

     

 

 



 36 

   
 

 

     

 
 

    
 

 

 



 37 

 

 
 

     

 
 

    
 

 
 
 

 
 



 38 

      
 

 

      

 

 

 
 
 
 
 



 39 

      

 

    

 
 
 
 
 
 

 

 

 



 40 

      

     

     

 

 

 



 41 

     

 

   

 



 42 

 

Abrahamson, N. A. and Silva, W. J. (1997) Empirical response spectral attenuation relation for 
Shallow crustal earthquake, Seismological Research letters, Vol.68, No,1, pp. 94-127. 

Abrahamson, N. A., Atkinson, G., Boore, D., Bozorgnia, Y., Campbell, K., Chiou, B., Idriss, I. M., 
Silva, W. and Youngs, R. (2008) Comparison of the NGA ground-motion relation, Earthquake 
Spectra, Vol.24, pp.45-66. 

Abrahamson, N. A. and Silva, W. J. (2007) Abrahamson & Silva NGA ground motion relations 

for the geometric mean horizontal component of peak and spectral ground motion parameter, 
PEER Report, Pacific Earthquake Engineering Research Center, College Engineering University 
of California, Berkeley, 353pp. 

Aoi, S., Kunugi, T. and Fujiwara H. (2004) Strong motion seismograph network operated by 
NIED : K-net, KiK-net, Journal of Japan Association for Earthquake Engineering Vol.4, No.3, 
(Special Issue), pp.65-74. 

Asano, K. and Iwata, T. (2009) Source rupture process of the 2004 Chuetsu, mid-Niigata 
prefecture, Japan, earthquake inferred from waveform inversion with dense strong-motion data, 
Bull. Seism. Soc. Am., Vol.99, No.1, pp.123-140. 

Asano, K. and Iwata, T. (2006) Source process and near-source ground motions of the 2005 West 
off Fukuoka Prefecture earthquake, Earth, planets and Space, Vol. 58, pp.93-98. 

Asano, K. and Iwata, T. (2011) Source rupture process of the 2007 Noto Hanto, Japan, earthquake 

estimated by the joint inversion of strong motion and GPS data, Bull. Seism. Soc. Am., Vol.101, 
No.5, pp.2467-2480. 

(2016) 28 2016 <http://sms.dpri.kyoto-u.ac.jp/k-
asano/pdf/2016KumamotoEQ_v20160417.pdf> 2018 9 24  

(2018) 2018 6 18 <https://www.static.jishin.go.jp 
/resource/monthly/2018/20180618_osaka_2.pdf > (2019 2 1 ) 

Boore D. M. Lamprey, J. -W. and Abrahamson, N. A. (2006) Orientation-independent measures 
of ground motion, Bull. Seism. Soc. Am., Vol.96, No.4A, pp.1502-1511.   

Boore D. M. and Atkinson G. M. (2007) Boore-Atkinson NGA ground motion relations for the 
geometric mean horizontal component of the peak and spectral ground motion parameters, PEER 
Report, Pacific Earthquake Engineering Research Center, College Engineering University of 
California, Berkeley, 110pp. 

Campbell, K. W. and Bozorgnia, Y. (2007) Campbell-Bozorgnia NGA ground motion relations 
for the geometric mean horizontal component of peak and spectral ground motion parameter, 
PEER Report, Pacific Earthquake Engineering Research Center, College Engineering University 
of California, Berkeley, 120pp. 



 43 

Chiou, B. S. -J. and Young, R. R. (2008) NGA model for average horizontal component of peak 

ground motion and response spectra, PEER Report, Pacific Earthquake Engineering Research 
Center, College Engineering University of California, Berkeley, 293pp. 

Cultrera, G., Ameri, G., Sarao, A., Cirella, A. and Emolo, A. (2013) Ground-motion simulations 
within ShakeMap methodology, application to the 2008 Iwate-Miyagi Nairiku (Japan) and 1980 
Irpinia (Italy) earthquakes, Geophysical Journal International, Vol. 193, No. 1, pp. 220-237.  

, 

(2009)
337 . 

Douglas, S. D., (1998)
2 51 pp. 149-156. 

Hikima, K. and Koketsu, K. (2004) Source processes of the foreshock, mainshock and largest 
aftershock in the 2003 Miyagi-Ken Hokubu, Japan, earthquake sequence, Earth, planets and 
Space, Vol. 56, pp.87-93. 

(2013) 2011 MJ 7.0 2 Vol.64, pp. 
243-256. 

2014
(2015) - 2014

43 pp.149-162, 2015  
Idriss, I. M. (2007) Empirical model for estimating the average horizontal values of pseudo-

absolute spectral accelerations generated by crustal earthquakes, Interim Report Issued for 
USGS Review, 37pp. 

(1986)
2 39 pp.579-593.

Iwata, T., Sekiguchi, H., Matsumoto, T., Miyake, H. and Irikura K.(2000) Source process of the 
2000 western Tottori Prefecture earthquake and near source strong ground motion, paper present 
at 2000 Fall Meeting Seisml., Soc. Japan, 2000. 

(2015) 2014 11 22
(Mw6.2) 43

pp.95-108. 

Kagawa, T., Irikura, K. and Somerville, P.G. (2004) Difference in ground motion and fault rupture 
process between the surface rupture and buried rupture earthquakes, Earth, Planet and Space, 
Vol. 56, pp. 3-14. 

Kanno, T., Narita, A., Morikawa, N., Fujiwara, H. and Fukushima, Y. (2006) A new attenuation 
relation for strong ground motion in Japan based on recorded data, Bull. Seism. Soc. Am., Vol.96, 
No.3, pp.879-897. 



 44 

(2017) 2014 (Mw6.2)

123 1 pp.1-21. 
(2011a) 3 12   

 <http://www.data.jma.go.jp/svd/eqev/data/sourceprocess/event/201103120359near.pdf>
2018 9 24  

(2011b) 3 15  – 
 <http://www.data.jma.go.jp/svd/eqev/data/sourceprocess/event/20110315near.pdf> 2018

9 24  
(2014) 2014 11 22  – 

 <http://www.data.jma.go.jp/svd/eqev/data/sourceprocess/event/20141122near.pdf 
> 2018 9 24  

(2016) 2016 10 21
<http://www.kyoshin.bosai.go.jp 

/kyoshin/topics/Tottori_20161021/inversion/inv_index.html> 2018 9 24  
Maruyama, T., Fusejima, Y., Yoshioka, T., Awata, Y. and Matsu’ura, T. (2005) Characterisirics of 

the surface rupture associated with the 2004 Mid Niigata Prefecture earthquake, central Japan 
and their seismotectonic implications, Earth Planets and Space, Vol.57, pp.521-526. 

Miyakoshi, K., Kurahashi, S., Irikura, K. and Okazaki, K. (2008) Source Modeling of the 2007 
Niigata-Ken Chuetsu-oki earthquake, 7th General Assembly of Asian Seismological Society of 

Japan, X4-059, 2008. 
Morikawa, N. and Fujiwara, H. (2013) A new ground motion prediction equation for Japan 

applicable up to M9 Mega-Earthquake, Journal of Disaster Research, Vol.8, No.5, pp. 878-888. 
SAR 2014 11 22

43 pp.69-82. 
Nishijima, Y. (2004) Observation of seismic intensity and strong ground motion by Japan 

meteorological agency and local government in Japan, Journal of Japan Association for 
Earthquake Engineering Vol.4, No.3, (Special Issue), pp.75-78. 

(2010) NGA
pp.873-874. 

(2005)
No.1112. 

(2011) 2003
2 63 pp.165-187. 

(2018) 2016
A1( ) 74 4 I_1010_1016. 

(2014) 2013 2 25
2014 SSS23-P19. 



 45 

(2015) 2013 4 13

Mw5.8 2015 S15-
P05. 

Shirahama, Y., Yoshimi, M., Awata, Y., Maruyama, T., Azuma, T., Miyashi, Y., Mori, H., 
Imanishi, K., Takeda, N., Ochi, T., Otsubo, N., Asahina, D. and Miyakawa, A. (2016) Characte-
ristics of the surface ruptures associated with the 2016 Kumamoto earthquake sequence, central 
Kyushu, Japan, Earth, planets and space, Vol.68, No.191, DOI 10.1186/s40623-016-0559-1. 

Somerville, P. G. (2003) Magnitude scaling of the near fault rupture directivity pulse, Physics of 
the Earth and Planetary Interiors, Vol.137, pp.201-212. 

Sugito, N., Goto, H., Kumahara, Y., Tsutsumi, H., Nakata, T., Kagohara, K., Matsuda, N. and 
Yoshida H. (2016) Surface fault ruptures associated with the 14 April foreshock (Mj 6.5) of 
the 2016 Kumamoto earthquake sequence, southwest Japan, Earth, Planets and Space Vol.68, 
No.170, DOI 10.1186/s40623-016-0547-5.  

Takada Y., Kobayashi, T., Furuya, M. and Murakami, M. (2009) Coseismic displacement due to 
the 2008 Iwate-Miyagi Nairiku earthquake detected by ALOS/PALSAR : preliminary result, 
Earth, Planets and Space, Vol.61, pp.e9-e12. 

(2010) 2008
 - -

2 62 PP.153-178. 

(2000)
Vol.31, pp.81-86. 

(2012) 2011 4 11
118 9 pp.559-570. 

(2006)
Vol.606 pp.81-88. 

(2018) 2018
2018 S14-P23  

(2000) 2000 10 6
Vol.555 pp.7-11  

 



 46 

3   
 

3.1  

Somerville et al.(1999)

 

3.2  

Hartzell and Heaton, 1983 Kikuchi and Kanamori, 1991

GPS In SAR

Hartzell and Heaton(1983) Multi-time 

window

0.5, 1.0Hz  

3.1

2018 2018
3.1 Reference

Mo
F-net F-net Target Freq.

Sub fault Surface Rupture 2
0.03-0.1Hz 0.2-1.0Hz

2000 2014 9.0km2 1.0-4.0km2
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 Reference 
(Nm) Mw 

(F-net) 

Target 

Freq.(Hz) 

Sub 

fault(km2) 

Surface 

Rupture* Inv. F-net 

2000  Iwata et al.(2000) 2.16E+19 8.62E+18 6.6 0.1-1.0 9.0  

2003  Hikima and Koketsu(2004) 1.80E+18 1.53E+18 6.1 0.05-0.5 4.0  

2004  Asano and Iwata(2009) 1.07E+19 7.53E+18 6.6 0.05-1.0 4.0  

2005  Asano and Iwata(2006) 1.15E+19 7.80E+18 6.6 0.05-1.0 4.0  

2007  
Asano and Iwata(2011a) 1.57E+19 

1.36E+19 6.7 
0.05-1.0 4.0 

 
Horikawa(2008a) 1.10E+19 0.1-1.0 1.0 

2007  

Aoi et al.(2008) 1.62E+19 

9.30E+18 6.6 

0.1-1.0 4.0 

 
Miyakoshi et al.(2008) 1.62E+19 0.1-1.0 4.0 

Horikawa(2008b) 6.50E+19 0.1-0.5 1.0 

(2008) 1.02E+19 0.03-0.5 4.0 

2008  Asano and Iwata(2011b) 2.76E+19 2.72E+19 6.9 0.1-1.0 4.0  

2011  (2015) 2.78E+17 2.13E+18 6.2 0.1-0.5 1.0  

2011  (2011) 1.12E+18 8.38E+17 5.9 0.05-0.2 4.0  

2011  

(2012) 1.14E+19 

9.58E+18 6.6 

0.03-0.8 4.0 

 (2014a) 1.37E+19 0.1-1.0 4.0 

Tanaka et al.(2014) 1.33E+19 0.1-1.0 4.0 

2013  (2014b) 7.10E+17 5.54E+17 5.8 0.1-1.0 1.0  

2013  (2015) 5.89E+17 5.47E+17 5.8 0.1-1.0 1.0  

2014  (2014) 8.09E+18 2.76E+18 6.3 0.05-0.2 9.0  

2016  
Asano and Iwata(2016) 2.04E+18 

1.74E+18 6.1 
0.05-1.0 1.0 

 
Kubo et al.(2016) 1.70E+18 0.1-1.0 4.0 

2016  
Asano and Iwata(2016) 4.50E+19 

4.42E+19 7.1 
0.05-0.5 4.0 

 
Kubo et al.(2016) 5.50E+19 0.05-1.0 4.0 

2016  Kubo et al.(2017) 2.10E+18 2.24E+18 6.2 0.1-10 4.0  

* 2

3.1 3.1.1
3.1.2 2003 2011 2016

2 2
1

3.2 3.2 5 5km
3.1.2 2008 2014

5km 2011
2016  
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3.2 5-10km 3.1.1  
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2000 2003 2013
5-15km

 
 

3.3  
Somerville et al.(1999)

2016   
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(Somerville et al.1999)

Somerville et al.(1999)

3.3
3.3 Somerville et al.(1999)
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0.3 0.3

1.5
1.5 1.5

1.25
2 2

1.5 4 2
1 1.5 2

 
3.2 Length (km) Width

(km) Rupture Area (km2) Av. Slip (m) Max. Slip
(m) Num. Asp. Total Asp. Area

(km2) Av. Asp. Slip. (m) Area Ratio
/ Slip Contrast /

Av. Stress drop Eshelby(1957)
(3.1)  

∆σ=
7π3

2

16
Mo

S
3

2
 (3.1) 

Mo S
S Mo1/2 2007 2008 2016

Fujii and Matsu’ura(2000) 3.1MPa 1

 

3.4  
3.4.1  

3.4

3.4 5km
10km 3.2

3.5 4
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Kagawa et al.(2004)
5km

2000 2003 2013

5km

2000 2003 2013

2003 2013
2003 Mw 6.1 2013 Mw 5.8 (1998)  
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(2005) Mw6.0
0% 1m

2008 5.9m 2014 2.4m

2000 (Mw 6.6)

2002
(2002)
(2005)

2.11 2000 2003 2013

3 2000 2003
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2013

 
2013

2000 2003
  

3.4.2  
Somerville et al. (1999)

Somerville et al. 
(1999) 15

1st-stage scaling

S =2.23 × 10-15×Mo
2

3  (3.2) 

S (km2) Mo (dyne cm) (2001) Wells and 
Coppersmith(1994)  Mw6.5 Mo=7.50 1018Nm

S Mo1/2

2nd-stage-scaling  

S =4.24 × 10-15×Mo
1

2          7.50×1018 Nm <Mo<1.8×1020(Nm)   (3.3) 

Murotani et al. (2015) Mw7.4 Mo=1.8 1020Nm
S Mo1

3rd-stage-scaling  

S =1.0 × 10-17×Mo          Mo>1.8×1020(Nm)   (3.4) 

3 3-stage-scaling model Irikura and Miyake, 

2011
2016 (Mw 7.1) 2nd-stage scaling model  

3.6
3.6.1 3.6.2
3.6.3  S Mo2/3 S Mo1/2 Mo=7.50 1018(Nm)  
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 57 

2000 2004 2005 2007

2011 S Mo2/3

S Mo2/3 3.6.1 Somerville et 
al.(1999) (2001)

 

S =2.72 × 10-15×Mo2/3           S Mo2/3  (3.5) 

S =4.28 × 10-11×Mo1/2           S Mo1/2  (3.6) 

S Mo1/2 (2001)

S Mo2/3 Somerville et al.(1999) 2.23
0.5 2.72 Mo=5.0 1025Nm

Somerville et al.(1999) 303km2 369km2

Somerville et al.(1999)

(0.2-20km2 3.6.1
 

3.6.2, 3.6.3
(3.7) - (3.10)  

Ssurface =2.8 × 10-15×Mo2/3           S Mo2/3  (3.7) 

Ssurface =4.  × 10-11×Mo1/2           S Mo1/2  (3.8) 

S uried =2.67 × 10-15×Mo2/3           S Mo2/3  (3.9) 

S uried=3.94 × 10-11×Mo1/2           S Mo1/2  (3.10) 

Ssurface SBuried S Mo1/2

4.46 3.94
S Mo2/3

2.84 2.67 Kagawa 
et al.(2004) 2.99 2.03   

(3.1)
Fujii and Matsu’ura(2000) 3.1MPa 
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1.68 0.38 
1.64 0.35 
1.70 0.39 

2016 S Mo2/3

(3.1)
(3.1)

3.3  

Kagawa 
et al., 2004   

3.4.3  
Somerville et al.(1999) 1.5

Somerville et al. (1999) 15
(3.11)  

S a=5.00 × 10-16×Mo2/3  (3.11) 

Sa Mo (3.2)
(3.11)

Somerville et al.(1999) 22%
(2015) 16%

3.7.1
(3.12)

S a=4.94× 10-16×Mo2/3  (3.12) 

Somerville et al.(1999)   
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 60 

(Sa/S) (Da/D)
19.9% ±3.8 2.08 ±0.25 
22.2% ±3.4 1.92 ±0.22 
18.1% ±2.9 2.17 ±0.21 

3.4 20%
3.7.2, 3.7.3

(3.13)(3.14)  

S a, Surface=5.25 × 10-16×Mo2/3  (3.13) 

S a, Buried=4.76 × 10-16×Mo2/3  (3.14) 

Sa, surface Sa, buried

3.4 (Sa/S) 22.2% 18.1%

Somerville et al.(1999)
2 2 (2.17) 2

(1.92)

 

Madariaga(1979) (3.15)

∆σaSa=∆σS  (3.15) 

Sa S
(3.1) (3.15) (3.16)

 (Boatwright, 1988)
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∆σa=
7
16

Mo
Rr2  (3.16) 

R r
(3.16)

(2002) r
(3.17)  

r= ri
2N

i=1   (3.17) 

N ri i (3.16) (3.17)
A

(2001) (3.18)  

A=4π r ∆  β2  (3.18) 

β S
(2001) 12 8

(3.18)

(3.19)

A=2.46× 1010×Mo
1

3  (3.19) 

(3.19) (3.16) (3.18)

 
(3.16) (3.18)

2.0
(3.16) (3.18)

3.5
β=3.5km/s 3.5

5-15MPa 10MPa
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  Reference 
 

(MPa) S.D. 

 

(Nm/s2) 

 

2000  Iwata et al.(2000) 8.2 

10.3 ±3.1 

7.37 1018 

2003  Hikima and Koketsu(2004) 13.9 5.40 1018 

2004  Asano and Iwata(2009) 7.6 6.67 1018 

2005  Asano and Iwata(2006) 10.5 8.01 1018 

2007  
Asano and Iwata(2011a) 14.3 

14.0 
1.20 1019 

1.20 1019 
Horikawa(2008a) 13.8 1.20 1019 

2007  

Aoi et al.(2008) 9.6 

9.2 

7.30 1018 

7.98 1018 
Miyakoshi et al.(2008) 11.5 9.34 1018 

Horikawa(2008b) 10.2 8.67 1018 

(2008) 6.4 6.87 1018 

2011  (2015) 14.2 6.53 1018 

2011  (2011) 13.0 4.02 1018 

2013  (2014b) 5.5 2.24 1018 

2016  Kubo et al.(2017) 7.1 3.92 1018 

 

2008  Asano and Iwata(2011b) 14.7 

9.5 3.1 

1.49 1019 

2011  

(2012) 6.4 

7.8 

6.68 1018 

7.15 1018 (2014a) 7.4 7.20 1018 

Tanaka et al.(2014) 9.9 7.60 1018 

2013  (2015) 7.4 2.86 1018 

2014  (2014) 8.5 4.84 1018 

2016  
Asano and Iwata(2016) 9.5 

6.9 
4.48 1018 

3.52 1018 
Kubo et al.(2016) 5.0 2.76 1018 

2016  
Asano and Iwata(2016) 12.2 

11.5 
1.39 1019 

1.46 1019 
Kubo et al.(2016) 10.9 1.54 1019 

 

 
10.3MPa 9.5MPa

3.8 3.8.1 3.8.2 3.8.3
3.8.1

(3.20)  

A=1. × 1010×Mo
1

3  (3.20) 
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(2001) (2.46) (1.76)

(2010)
3.8.2, 3.8.3

 

ASurface=1.7 × 1010×Mo
1

3  (3.21) 

ABuried=1.8 × 1010×Mo
1

3  (3.22) 

Asurface ABuried

1Hz, 0.5Hz

Kagawa et al.(2004)
5km

(2016)

Kostrov 2000 Yoffe

Tinti et al.,2005
(2013) 2011 High 

Rate Area

Kagawa et al.(2004)

  
2016

Irikura, 1986

, 1991
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Mai et al., 2005)
2016 (2001) Somerville et al.(1999)

3.9

2016
8km

2016
12km 3-12km

2016

2003 8km
5-10km

 

3.5   
Somerville et al.(1999)

 
• 5km

5-10km
5km 2000

2003 2013
2000 2003 2013

•

Kagawa et al.(2004)

•

( 22% 18%)
2.17 1.92
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4  2016  
 
4.1  

Somerville et al.,1999

1.0-2.0
1.0

SMGA Strong Motion Generation Area Miyake et al., 2003

SMGA
SMGA Irikura, 1986 , 1997

1991 0.2-10Hz

2016 MJ 6.6
SMGA

2001  

 
4.2  

2016 10 21 14 7 MJ 6.6
3 6

K-NET Aoi et al., 2004 TTR005 EW 1381Gal
4.1 F-net , 1998

-

2 SAR 3
18km 13km

2016 18 15000
2017  

2017

1925 MJ 6.8 1927 MJ 7.3 1943 MJ 7.2 1983 
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( ) ( )

 
4.2 2007  

2016  
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MJ 6.2 2000 MJ 7.3 100 M7

4.2 1943

2001
 (2002)

2016

 
K-NET KiK-net Aoi et al., 2004

Nishijima et al., 2004 2017
Irikura, 1986 , 1997

(2016a)

Gutenberg-Richter G-R M6.8
30 40%

Somerville et al.,1999 ; 2001

( 2015)
 

 

4.3 2016  
Peak Ground Acceleration PGA Peak Ground Velocity

PGV

PGA PGV K-NET, KiK-net
PGA PGV

RotD50 Boore et al., 2006 PGA
PGV (1999)

PGA PGV Morikawa and Fujiwara(2013)

Kubo et al.(2017)
PGA PGV 4.3

PGA PGV AVS30 1992
ARV Midorikawa et al., 1994 Vs=600m/s

4.4 PGA PGV
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4.4 Morikawa and Fujiwara(2013)
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4.4

0.2-2.0

4.4

  
  

4.4  

 

2016 4.5
TTR005( )

B.P.F. =0.1-10Hz TTR005
2 1

TTR005
1  

SMGA
2016

2017  Kubo et al., 2017 , 2016 4.6

2 SMGA

 
2 SMGA

SMGA 2016 10 21 12 12 MJ 4.1
2

SMGA 2016 10
21 19 20

4.1
F-net CMT

K-NET2 KiK-net 3
3 1 9

4.7  
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4.5 TTR005( ) ( ) ( )  (B.P.F. =0.1- 

10Hz) 

     

 
4.6 ( : Kubo et al,. 2017; : , 2016;  

: , 2017) 

 

 

N S 
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4.1  

    
* 2017/10/21 14:07 2016/10/21 12:12 2016/10/21 19:20 

* 
38.3805 35.3807 35.4513 

133.8562 133.8548 133.8245 

(km)* 11.61 10.26 8.30 

Mo(Nm)** 2.24E+18 1.81E+15 2.77E+14 

Mw** 6.2 4.1 3.6 

/ /  
342/80/9 155/87/-18 339/83/19 

deg.
F-net 

 

 
4.8 1.0-3.0Hz

2016
H/V 2017

 

ω-2 , 1999
Q (2005) Q=57f0.95

2 NS, EW
4.8 4.2

F-net

S Vs 3.5km/s Brune(1970, 1971)
4.8 1.0-3.0Hz

ω-2

 
 

4.5  
Kubo et al.(2017) 162 88

4.8
S/N 0.2-10Hz SMGA

, 2002
SMGA  
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4.7 
(Kubo et al., 2017) 

4.8 (  : /  : /  

) 
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4.2  

   

 1237 8086 

( )[Hz] 0.29 0.20 

( )[Hz] 2.49 2.23 

 2.4 6.1 

 8 11 

 [km2]* 0.81(0.9×0.9) 1.0(1.0×1.0) 

 [MPa]* 5.5 0.76 

 
 
SMGA SMGA  

  

SMGA

(4.1) 2
R , 1999  

 

 (4.1) 

 
u aenv 0.4 obs syn

t component 2
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3 NS, EW, RotD50 Boore et al., 2006
/

SMGA SMGA1 4.9
4.3 (4.1)

SMGA1 (C=2.4) C
±0.5 R

SMGA1 SMGA1  

R =
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2

t

∑

{( aenv,obs
t

∑
2
)( aenv,syn

t

∑
2
)}1/2
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(uobs −usyn )

2

t

∑

{( uobs
t

∑
2
)( usyn

t

∑
2
)}1/2

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
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∑
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∑
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4.3 SMGA  

  
( ) 

 
( ) (km/s) (s) 

 

SMGA1 5-8 5-8 2.1-3.0 0.2-1.0 1.9-2.9 

SMGA2 2-5 2-5 - 0.2-1.0 10.0-19.0 

Interval 1 1 0.1 0.1 
0.1(SMGA1) 
1.0(SMGA2) 

 
4.4  

 SMGA1 SMGA2 

[km] 5.4 3.0 

[km] 7.2 4.0 

[km2] 38.9 12.0 

[km2] 50.9 

[Nm]* 1.46E+18 1.33E+17 

[MPa] 14.3 7.6 

[s] 0.2 0.5 

[km/s] 2.5 

SMGA ( [km], [km])** (9.9,4.5) (4.0,4.0) 

 

SMGA1 4.9 4. 3
SMGA2

SMGA1 SMGA2 SMGA2
SMGA1 14.3MPa 7.6MPa, C=10 14.4MPa, C=19

SMGA 4.9
4.4 4.9 SMGA

4.4 SMGA1 38.9km2 SMGA2
12.0km2 3 SMGA1 SMGA2 10
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14.3MPa SMGA2 7.6MPa SMGA1 2 Somerville et al. (1999)

Eshelby (1957) 10.5MPa
SMGA1 14.3MPa 4 SMGA1 0.2
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2016 SMGA =0.3 SMGA1 0.86 SMGA2

0.48 SMGA2 SMGA1 0.25   
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Motion Generation Area = SMGA SMGA

SMGA
SMGA 0.2-10Hz

K-NET, KiK-net(Aoi et al.,2004)
Irikura,1986; , 1997

SMGA
SMGA  
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5.1  

 Reference Mw 
Mo** 

(Nm) 
Mech.* 

Strike** 

(deg.) 

Dip** 

(deg.) 

Rake** 

(deg.) 

 

 

 

Asperity 

2011  (2011) 5.9 8.38E+17 SS 293 70 157   

2013  (2014) 5.8 5.54E+17 SS 165 80 -15   

2013  (2015) 5.8 5.47E+17 RV 179 65 102   

2014  (2014) 6.3 2.76E+18 RV 25 50 65   

2016  Kubo et al.(2017) 6.1 1.74E+18 SS 212 89 -164   

* SS RV ** F-net CMT  

 

 
5.1  

 
 

 

5.3  
5.3.1  

Mw 6.0 5
5.1 5.1 Reference SMGA

2 Asp. 3  
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5.2  
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5.2  

    
 

(km) 
MJMA 

Mo 

(Nm) 

Strike** 

(deg.) 

Dip** 

(deg.) 

Rake** 

(deg.) 

2011  2011/3/11 22:40:36.7 35.3067 138.7017 14.0 4.2 2.15E+15*    

2013  2013/2/26 15:26:49.1 36.8770 139.4075 2.79 3.6 1.40E+15** 340 89 -7 

2013  2013/4/13 15:17:10.4 34.4172 134.8388 13.77 3.5 1.44E+14** 107 78 132 

2014  2014/12/22 01:17:4.45 36.6915 137.8867 5.3 4.4 3.52E+15** 42 60 104  

2016  
2016/4/14 21:37:40.9 32.7400 130.7917 9.0 3.9 1.22E+15*    

2016/4/15 21:55:01.8 32.7700 130.8267 8.0 3.9 1.63E+15*    

*  

** F-net CMT  

 
 

5 (1) SMGA
(2)

(3) 3
40km ( )

K-NET KiK-net 2
5.2

7~17  
  

5.2
F-net CMT

2013 2013 2014

2 5.2

CMT Mo KiK-net
 

 

Mo=
4πρVs2

Rθφ
Ωo (5.1) 

 
ρ Vs S Rθφ o

2016

2   
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5.3 SSRF  

 Mom/Moa 
Fcm 

(Hz) 

Fca 

(Hz)
N C Δσa 

Vs 

(km/s) 

Frequency 

Range(Hz) 

2011  262 0.62 2.81 5 2.10 11.7 3.26 0.4-10 

2013  396 0.25 1.04 4 6.19 0.45 3.10 0.3-10 

2013  960 0.79 4.5 6 4.44 2.84 3.40 0.5-10 

2014  286 0.41 1.46 4 4.47 3.45 3.00 0.3-10 

2016  
651 0.44 2.13 5 5.21 3.17 

3.30 0.3-10 
489 0.57 2.40 - - 5.33 

 

5.3 2011  
2013   

5.3.2  
4

ω-2 Source Spectral Ration Function SSRF)
1999 Q 2016

(2016)[Q(f)=69.8f0.92] (2007)[Q(f)=40f1.0]
2 NS EW SSRF

5.3 5.3 Mom/Moa
Fcm Fca N

C a Brune(1970,1971)
Vs S S

CN3 
fcm 

fca 

CN
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S 5.3

 
5.2 (Metropolice et al., 1953; Kirkpatricks et al., 1983)

SMGA 2002
SMGA

SMGA

 
SMGA (Metropolice et al., 1953; Kirkpatricks et al., 1983)

 
Ingver(1989) Very Fast Simulated Anne-

aling(VFSA)
(5.2) VFSA  

 
T(k)=Toexp(-cka) (5.2) 

 
To c a 100 c 1.0 a 0.8-1.0

50 50 k
(5.3), (5.4)  

 
Mk=Mk-1-y(Mmax-Mmin) 

(5.3) 
M [Mmax, Mmin] y [-1, 1] 

y=sgn(u-0.5)T(k) 1+
1

Tk

2u-1

-1  (5.4) 
u [0, 1] 

Mk k Mk-1 k-1 Mmax Mmin u
Sgn x>0 1 x<0 -1 x=0 0

(5.5)  
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P=exp(
-∆E
T(k)

) 
 

(5.5) 
∆E=E(Mk)-E(Ml-1) 

 

P ΔE Mk Mk-1 Misfit Tk

(2001)
Shiba and Irikura(2005)

VFSA GA

 
Misfit (5.6)

1999  
 

Misfit=
(aenv,obs-aenv,syn)2

t

aenv,obs
2

t aenv,syn
2

tcomponentstation

+
(uobs-usyn)2

t

uobs_
2

t usyn
2

t
 (5.6) 

 
u aenv obs syn T

component 2 station

 
(1999) 1 Mo1 2

Mo2 U1 U2 A1 A2
1 2 Mo1=Mo2=Mo/2  

 
U1=U2=Uo/2 (5.7) 

 

 
A1=A2= 1/2 1/2Ao (5.8) 

 
N C Ao
ao Uo

uo  
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N=
Uo

uo

1
2 ao

Ao

1
2
 (5.9) 

C=
uo

Uo

1
2 Ao

ao

1
2
 (5.10) 

(5.9) (5.10) (5.7) (5.8)  
 

N=
1
2

1
4 Uo

uo

1
2

ao

Ao

1
2
 

(5.11) 

C=
1
2

1
4 uo

Uo

1
2

Ao

ao

1
2
 

(5.12) 

 
N C 0.84

0.84-1.0
1

SMGA 2 SMGA
2 SMGA 1 SMGA

NS EW RotD50 Boore et al.,2006
/  

SMGA

0.25 SMGA
SMGA S 0.72

Gellar,1976  
SMGA 5.4 10

Length Width SMGA Rise time C
Rupt. Star. Point. SMGA

2013
SMGA Estimated param. 10

Best param. 10
 

 
5.3.3 2011  

2011 SMGA  
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5.4 SMGA  

 Result 
Length 

(km) 

Width 

(km) 

Rise 

Time(s) 
C 

Rupt. Star. 

Point(Len.) 

Rupt. Star. 

Point(Wid.) 

2011

 

Search Range 2-6 2-6 0.01-1.50 1.6-2.6 1-5 5 

Estimated param. 2.9-5.6 2.5-3.3 0.30-0.59 2.5-2.6 3 5 

Best param. 5.6 3.3 0.37 2.5 3 5 

2013

* 

Search Range 2-7 2-7 0.01-1.50 4.6-7.7   

Estimated param. 4.7-5.9 2.0-5.9 0.43-0.82 5.0-6.1   

Best param. 4.7 5.9 0.68 6.0   

2013

 

Search Range 2-6 2-6 0.01-1.50 3.3-5.5 1-6 1.6 

Estimated param. 2.0-3.6 2.0-4.0 0.08-0.23 4.1-5.5 2-4 4-6 

Best param. 2.6 4.0 0.15 5.4 3 5 

2014

 

Search Range 2-7 2-7 0.01-1.50 3.4-5.6 1-4 1-4 

Estimated param. 2.0-2.7 2.1-5.6 0.17-0.39 3.7-5.3 1-2 2-3 

Best param. 2.7 4.7 0.39 5.2 1 3 

2016

 

Search Range 2-7 2-7 0.01-1.50 3.9-6.5 1-5 1-5 

Estimated param. 2.4-3.0 2.3-4.1 0.22-0.54 5.8-6.5 1-2 5 

Best param. 2.9 3.9 0.22 5.8 2 5 

 

 
5.4.1 SMGA (2011)

SMGA
SMGA

5.5.1 SMGA 7 SMGA
29.3MPa Somerville et al.(1999) Madariaga(1979) 10.5MPa

3 SMGA
 

 
5.5.1 2011  SMGA  

Parameter Mo(Nm) SSMGA(Km2) a (MPa) Rise Time(s) Vr(km/s) 
SMGA 6.72 1017 18.5 29.3 0.37 2.35 

 
5.3.4 2013  
  2013 SMGA

5.4.2 SMGA (2014)

SMGA  
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5.4.1 2011 (2011)   

SA 10 SMGA ( SMGA)  
 (h=5%)  

  

      
5.4.2 2013 (2014)

SA 10 SMGA ( SMGA)

 (h=5%)  
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5.4.3 2013 (2015)   

SA 10 SMGA ( SMGA)  
 (h=5%)  

    

       
5.4.4 2014 (2014)

SA 10 SMGA ( SMGA)

 (h=5%)  
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5.4.5 2016 Kubo et al.(2016)   
SA 10 SMGA ( SMGA)  

 (h=5%)  
 
 

TCGH07
TCGH07

SMGA
5.5.2 SMGA F-net CMT

SSRF
SMGA

SMGA 2.7MPa
10.5MPa 1/4 0.68

2011 2   
 

5.5.2 2013 SMGA  
Parameter Mo(Nm) SSMGA(Km2) a (MPa) Rise Time(s) Vr(km/s) 

SMGA 5.54 1017 27.7 2.7 0.68 2.23 
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5.3.4 2013  

2013 SMGA
5.4.3 SMGA (2015)

SMGA
SMGA

SMGA 5.5.3 SMGA

3 SMGA 15.4MPa
0.15   

 
5.5.3 2013 SMGA  

Parameter Mo(Nm) SSMGA(Km2) a (MPa) Rise Time(s) Vr(km/s) 
SMGA 1.68 1017 10.4 15.4 0.15 2.45 

 
5.3.5 2014  

2014 SMGA

5.4.4 SMGA (2014)
(2011) 0.05~0.2Hz 1Hz

2015; 2018 2014
( 5.5) SMGA SMGA

NGN005 NGNH36

  
5.5.4 SMGA SMGA

SMGA 17.9MPa   
 

5.5.4 2014 SMGA  
Parameter Mo(Nm) SSMGA(Km2) a (MPa) Rise Time(s) Vr(km/s) 

SMGA 1.17 1018 12.7 17.9 0.39 2.16 
 

5.3.6 2016  
2016 SMGA
5.4.5 SMGA1 SMGA2 Kubo et al.(2016)

SMGA1
SMGA2
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5.5  (2014) 2014 (  

) 
 
 

(5.6)

SMGA1 SMGA2 KMM006
NS 2 SMGA2
KMM006   

5.5.5 SMGA SMGA
SMGA1 SMGA2 10

SMGA1 SMGA1 18.4MPa

SMGA2 10.7MPa 0.22s 0.10s  
 

5.5.5 2016 SMGA  
Parameter Mo(Nm) SSMGA(Km2) a (MPa) Rise Time(s) Vr(km/s) 
SMGA1 8.84 1017 11.3 18.4 0.22 

2.38 
SMGA2 9.78 1016 8.1 10.7 0.10 

 

 

5.4  
5 4 2016 6

SMGA
5.6 SMGA Somerville et al.(1999)

3  
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Mo SMGA (5.13)(5.14)  
 

SSMGA, surface=3.29×10-16×Mo
2/3  (5.13) 

SSMGA, buried=4.58×10-16×Mo
2/3  (5.14) 

 
SSMGA, Surface SMGA SSMGA, Buried SMGA

SMGA 2 4.76 10-16×Mo2/3

5.25×10-16 

×Mo2/3 2014 2016
SMGA ( 5.4.4, 5.4.5) . 

SMGA 5.6 2014
SMGA

2016 SMGA
2013

SMGA
SMGA

SMGA a 5.7

Day(1982) (5.15)  
 

τ=α
W
Vr

 (5.15) 
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5.6 SMGA  
 SMGA Num. Sa(km2) Sa/S SSMGA(km2) SSMGA/S Moa(Nm) MoSMGA(Nm) 

2011  1 16 0.17 18.5 0.19 3.77 1017 6.72 1017 

2013  1 22 0.18 10.4 0.09 3.38 1017 1.68 1017 

2016  1 48 0.19 50.9 0.20 7.04 1017 1.59 1018 

2013  1 20 0.24 27.7 0.33 3.78 1017 5.54 1017 

2014  1 54 0.25 12.7 0.06 2.48 1018 1.17 1018 

2016  
1 24 0.08 11.3 0.04 3.78 1017 8.84 1017 

2 24 0.08 8.1 0.03 3.24 1017 9.78 1016 

 
W Vr Day(1982) a 0.5

(2003) =0.2-0.4
6

0.05-0.3 (2003)

Irikura et 
al., 1986 Kostrov

a

SMGA Asano and Iwata(2011)  
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(2001) (5.16)  
 

A=4π riσiVs
2 2

n

i=1

1/2

 (5.16) 

 
A n SMGA ri SMGA i SMGA

Vs S 5.8
(2001) ( )

6
(5.17)(5.18)  

Asurface=1.15×1010×Mo1/3 (5.17) 

Aburied=3.17×1010×Mo1/3 (5.18) 

 

SMGA SMGA
  

 

5.5  
SMGA

 



 106 

   
SMGA ( ) 

 
 

5.7 1995
SMGA Reference Mo F-net 1995

Seikiguchi et al.(2002) Total SMGA 
SMGA Num. SMGA SMGA Area of SMGA Stress drop  SMGA

(2001) (5.16) S
Vs=3.5km/s

SMGA 5.9
SMGA Mo2/3 (5.19)(5.20)

SSMGA, surface=3.43×10-16×Mo
2/3  (5.19) 

SSMGA, buried=4.32×10-16×Mo
2/3 (5.20) 

 
SSMGA, Surface SSMGA, Buried SMGA

 [ (5.14) 4.58 10-16 (5.20) 4.32 10-16

(5.13)

SMGA

SMGA
5.10 5.11 5.10

5.11 (2010)
5.10 5.11

Mo1/3 (5.21)(5.22)  
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ASS=2.51×10-10×Mo
1/3  (5.21) 

ARV=2.29×10-10×Mo
1/3 (5.22) 

 
ASS ARV

2

( 5.9 5.10) (5.23)-
(5.26)  
 

ASS,surface=1.95×1010×Mo
1/3  (5.23) 

ASS, buried=3.23×1010×Mo
1/3 (5.24) 

ARV, surface=1.81×1010×Mo
1/3  (5.25) 

ARV, buried=2.73×1010×Mo
1/3 (5.26) 

 
ASS, surface ASS, Buried ARV, surface

ARV, Buried

SMGA (5.19)(5.20) SMGA

2
  

SMGA 5.12
SMGA SMGA

5.12

5-30MPa
5.7 (2016) SMGA

5.7
0.4 3 2007 Maeda et al.(2008)

3 SMGA 37.5MPa 46.9MPa

5km 0.30  
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0.18 5.7 SMGA
2

SMGA

SMGA
SMGA

5km 2

 

5.6  
SMGA

SMGA

( 1991)

 
 

5.6.1  
Boore(1983)  
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( ,1997)

 Boore(1983) ω-2

SA(f)  
 

 
SA f =

Rθϕ·FS·Prtitn

4πρβ
Mo(2πf)2

1+( f fc)2 (5.27) 

 
Mo ρ β S FS

2.0 Prtitn 0.71
fc Δσ Mo Brune (1970)  

 
 

fc=4.9×106×β(
∆σ
Mo

)
1

3 (5.28) 

 
Rθφ (2004)

2

SA(f)
 

 
 

RA(f)=SA(f)×
1
r

exp
-πfr

Q(f)β
 (5.29) 

 
r 1/r Q(f)

Q
(2005)  

 
 Q(f)=57f0.95 (5.30) 

 

(1994)  
 

 
  ENV t =(

t-ta
tb-ta

)2     ( ta≤t ≤tb) 

ENV t =1.0    ( tb≤t ≤tc)  

ENV t = exp - ln10
t-tc
td-tc

     ( tc≤t ≤td) 

log tb-ta =0.229MJ-1.112 

 
 

(5.31) 
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log tc-tb =0.443MJ-1.936 
log td-tc =0.778log(X)-0.340 

(5.31) 
 

 
MJ X tb-ta tc-tb td-tc

MJ X (5.31)

MJ=Mw
(1997)  

5.6.2  

8 M7 (Mw6.5)

M6 (Mw6.0)
3 SMGA

2016 M6
5.8 5.13-5.14 M7

5.9 5.15-5.16

90 60
S Vs 3.5km/s ρ 2.8 g/cm3  

Mo Mw6.0 Mw6.5
Kanamori(1977)  

 
 logMo=1.5Mw+9.1 (5.32) 

 
3

(3.7)(3.9)

Vr Gellar(1976) S Vs  

 
 =0.72Vs (5.33) 

 
M6 M6

6 (5.17)(5.18) M7

(5.23)-(5.26)

(5.17)(5.18) M6
M7 (5.23)-(5.26)  
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M6 (Mw 6.0)

1 SMGA
(5.13)(5.14)(5.19)(5.20)

11% 16%
(5.16)

( 2016)
Boatwright(1988) (5.16) (5.34)

 

Mw

Mo(Nm)

S(Cal.)[km2]

(km)

(km)

(km2)

S (m/s)

(kg/m3)

(m/s)

(m)

(MPa)

(Nm/s2)

Asp. (km2)

ε

(m)

S (m/s)

(kg/m3)

(Nm)

(MPa)

(s)

(km)

2.77×1018

7.3

0.31

0.234 0.253

5.7)

-

2.67×1018 7.36×1018 (5.17)(5.18)

Asperity

0.45 0.55

2800

3500

(5.13)(5.14)

3.4
Da=εD

-

-

6, 4

5 10 3.9

24.7( 24=6×4)

2.17

4.65×1018

17.1

0.22

6, 7

17.7( 18=6×3)

1.92

-

3500 -

2800 -

D=Mo/(μS)

2520 Vr=0.72Vs

156 144

σ=(7/16)*Mo/R31.56 1.76

Moa = μ Sa Da

Δσa=A/(4πrβ2)

1.25E+18 log10=1.5Mw+9.1

153.0(  156) 143.8( 144) (3.7)(3.9)

12

-

-

13 12

(Mw6.0)

6 -
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Mw6.0 ( ) 

Mw6.0 ( ) 
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M7 (Mw 6.5)

 
r=

7π
4

Mo·Vs
2

R·A
 (5.34) 

r R (5.34)

A

SMGA
SMGA

Mw

Mo(Nm)

S(Cal.)[km2]

(km)

(km)

(km2)

S (m/s)

(kg/m3)

(m/s)

(m)

(MPa)

(Nm/s2)

(Nm/s2)

Asp. (km2)

ε

(m)

S (m/s)

(kg/m3)

(Nm)

(MPa)

(MPa)

(s)

(km) 9 10 3.9

25 28

500 476

1.63 1.76

20 17

0.44 0.46

(5.25)(5.26)7.63×1018 1.15×1019

0.43

Δσa=A/(4πrβ2)

13,9 14,10

12.2 18.5

11.3 15.6

τ=αW/Vr( 5.12)

0.84 1.00 Da=εD

3500 -

2800 -

1.73E+18 2.46E+18 Moa = μ Sa Da

Asperity

61.0( 60=10×6) 76.8( 72=12×6) (5.19)(5.20)

1.92 2.17 3.4

2520 Vr=0.72Vs

D=Mo/(μS)

σ=(7/16)*Mo/R3

8.22×1018 1.36×1019 (5.23)(5.24)

-

-

-

3500 -

2800 -

(Mw6.5)

6.5 -

7.50E+18 log10=1.5Mw+9.1

505.1(  500) 485.5( 476) (3.7)(3.9)

-
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Mw6.5 ( ) 

Mw6.5 ( ) 
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5.7 5.12 3
3.9 M6 M7

10km M6 2013

M7
3km

5.17 70km
80km 10km 10km

5km 40km
2 S Vs=3.5km/s

=2.8t/m3

2 RotD50, Boore et al., 2006 Morikawa and 
Fujiwara(2013)

 

5.6.3  

5.18 5.19 M6.0(Mw6.0) 5.20 5.21 M7.0(Mw6.5) PGA  
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PGA

M6.0 PGA
200Gal 300Gal

PGA 10-
20km 50Gal 30km 50Gal

SMGA

 

0.3-0.6 1.3-1.8

2 Somerville(2003)
2.0

 

SMGA

 

5.7  
M6.0 5

SMGA

SMGA

VFSA Very Fast Simulated Annealing SMGA
SMGA
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