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Morikawa and Fujiwara (2013

Table 1. Events of fault plane models added to our database.
The hypocenter location is after the JMA.
O Crustal x Subduction plate-boundary

Type Ref. < Subduction intra-plate

Origin time Mo, LAk Lon. Dep.
[JST] ) [N] [E]  [km]

=
=
=

2004/09/05 19:07 7.2 33.03 13680 38 M [3] 5

2004/00/05 23:57 7.4 3314 13714 44 W [3] =

2004/09/07 08:29 65 3321 13729 41 W [3] 9 -

2004/10/23 17:56 65 37.29 13887 13 I [4] =

200410723 18:11 57 37.25 13883 12 I [ =

2004/10/23 18:34 62 3731 13803 14 I 4 -

2004/10/27 10:40 5.8 3729 139.03 12 I 5] 8 F

2004/11/08 11:15 5.5 3740 13903 0 105 =

2004/11/2903:32 7.0 4295 14528 48 O [3] =

2004/12/06 23:15 67 4285 14534 46 11 [3] g -

2005/03/20 10:53 65 3374 13018 9 1 (6] 7.k

2005/08/16 11:46 7.1 3815 14228 42 1 [7] (

2007/03/2509:41 67 37.22 13669 11 I [ F O THERRE

2007/07/16 10:13 6.6 37.56 13861 17 18] -

2008/05/08 01:02 62 3623 14195 60 11 [9] 5 @

2008/05/08 01:45 68 3623 14161 51 m (9] 6 2 0 O

2008/06/14 08:43 69 3903 14088 8 1 [i0] -

2008/07/19 11:39 69 3752 14226 32 1 [9] x

2008/07/2400:26 68 3973 14164 108 I [11] &

2008/00/11 09:20 6.8 4178 14415 31 1 [9] 5 E — :

2009/08/11 05:07 62 3479 13850 23 I [12] 10° 107 102

2011/03/09 11:45 7.2 3833 14328 8 0 [13] Distance [km]
4 L e &

;g::jg:m }igg 33 ;;gg :j;;g 1“; 3 {:ﬂ Fig. 1. Magnitude-distance distribution of strong-motion

011/03/11 1515 7.8 3611 14127 43 mn[13] records used in regression analysis.

2011/03/1203:59 62 3699 13860 8 I [13]

2011/03/1522:31 59 3531 13871 14 1 [13]

2011/03/19 18:56 5.8 3678 14057 5 1 [13]

2011/04/07 23:32 7.1 3820 14192 66  HI [I3]

20110411 17:16 6.6 3695 14067 6 1 [13]

2011/04/12 14:07 5.8 3705 14064 15 1 [13]

2011/06/23 06:50 66 3995 14259 36 I [I3]

2011/07/1009:57 7.0 3803 14351 34 O [13]

201107231334 63 3887 14209 47 1 [13]

2011077250351 62 3771 14163 46 11 [13]

2011/07/31 0353 63 3690 14122 57 I [i3]

2011/08/01 23:58 5.8 3471 13855 23 W [i3]

2011/08/19 14:36 63 3765 14180 S1  HI [13]

2011/09/1704:26 66 4026 14309 7 m (i3] -

2011/11/2419:25 6.1 4175 14289 43 11 [13] Kanno et al. (2006)(‘

S ==
Type: I = crustal, Il = subduction plate-boundary, 11 = JEj]I] L/T: i‘H—j'b=I

subduction intra-plate Ref: Referred fault model



Morikawa and Fujiwara (2013)
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Fig. 10. Comparison of our new GMPE to existing Japanese
GMPEs [1.2] for PGV. H is the assumed focal depth re-
quired in the use of Si and Midorikawa’s GMPE [1]. Thin
lines in the right-lower panel are a case applying Mw = 8.2
instead of Mw = 9.0 for introducing magnitude saturation.
Records observed during the 2011 earthquake are plotted us-
ing gray dots in the right-lower panel.



Abrahamson et al. (2016)
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Figure 7. Event terms for the 2011 Tohoku, Japan, earthquake and the 2010 Maule, Chile,
earthquake.
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20 Xeq(km) 100 200 yo
Fig. 6 M-Xeq distribution of the data used Fig. 7 Epicenter distribution of the earthquakes
for analysis in Fig. 8. used for analysis in Fig. 8.

Table 3. Data Range used for analysis

Data for Datafor
regression  applicability
analysis - check subduction-  shallow

in Ref. 4,5  in Ref.7 Zone eq. inland eq.

Magnitude 55-7.0 54-8.1 55-70 55-73
Xeq(km) 28-202 14 - 218 46 - 199 17 - 195

Data used in this paper

Vs {m/s) 2500 2550 2700 =500
Number
of Records 107 37 124 170

All data satisfy 1)} Focal depth < 60km, 2) Observation sites
belong to stratum of tertiary or older.

f—
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Noda et al.(2002)
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Figure 2. Magnitude-distance and magnitude-foeal-depth distributions for PGA.

Table 1

Number of Data Used foe Regression Analysis

Table 2

for Regression Analysis

Earthquakes in Countries Other Than Japan Used
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—_— Origin Time (UT)  Focal Depth

Japsn Ochers Japan Source Region Country (y'm/d him) (km) M,

Period Data  Easrthquake Data  Earthquske Duts  Escthquake San Fernando USA 1971/02/09 14:01 84 6.6
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Figure 1.  (a) Observation site locations and (b) epicenters of earthquakes used in

regression analysis.

In the case of shallow earthquakes, an iterative procedure
(Fukushima ef al., 2003) was applied because of the nonlin-
ear term in equation (5). We weighted data in the near-source
region to improve the near-source predictive ability of the
model, The weighting scheme has no physical meaning bot

is & useful approach for increasing the statistical power of
the near-source data, We used the same weighting scheme
as adopted by Midorikawa and Ohtake (2003): 6.0 (X = 25
km), 3.0 (25 < X = 50 km), 1.5 (50 < X = 75 km), and
L0 (X = 75 km).
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Figure 1.  Magnitude-distance distribution for (a) data from Japan; (b) overseas data:
(c) magnitude-focal depth distribution: and (d) source distance-focal depth distribution

of Japanese data.

Table 1
Numbers of Records by Source Type. Faulting Mechanism. and Region
Total for Each
Focal Mechanism Crustal Imierface Slab Focal Mechanism
Japan
Reverse 250 1492 408 2150
Strike-slip 1011 13 574 1598
Normal 24 3 735 762
Unknown 8 8
Total for each source type 1285 1508 1725 4518
Iran and Western USA
Reverse 123 12 135
Strike-slip 73 73
Total for each source type 196 12 208
Totals for each source type from all regions Grand Total
1481 1520 1725 4726
10 20 30 50
Table 2
Site Class Definitions Used in the Present Study and the Approximately Corresponding
NEHRP Site Classes
Site Class Description Natural Period V3o Calculated from Site Period NEHRP Site Classes
Hard rock Vo = 1100 A
SC1 Rock T <02 sec Vip = 600 A+B
sCcn Hard soil 02 =7<04sec 300 < V5, = 600 C
scm Medium soil 04 = T < 0.6 sec 200 < Vi = 300 D
SCIV Soft soil T = 0.6 sec Vi = 200 E4F
Table 3
Numbers of Records by Site Class and Source Type
i o Total for Each
.................................... Source Type Unknown sC1 sCh SCm SCIV Source Type
Japan
O Interface events Crustal 2 427 401 137 288 1285
Interface 9 373 540 186 400 1508
Slab 22 668 530 210 295 1725
160 180 Total for each site class 63 1468 1471 533 983 4518
Iran and Western USA
Crustal 24 73 93 6 196
Interface 2 7 3 12
Total for each site class 26 80 96 6 208
Totals for each site class from all regions Grand Total
63 1494 1551 629 989 4726
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Table 1  Earthquakes used in this study

EQ. EQ. NAME IntialDate  Tmme Mw Depth Fault Type Number
No. of Data
1 Nihon-kai Chubu 1983.05.26 1159 7.8 6.0  Inter 3
2 Eastern Off Chiba 1987.12.17. 1108 6.7 30.0 Intra 10
3 Off Kushiro 1993.0L.15 2006 76 1050 Inta 3
4 Off Noto-hante 1993.02.07] 2227 6.3 150 Crustal 3
__ 5'Hokkaido~Nansei-Oki 1993.07.12] 2217 7.7 100 Inter 4
6 Hokkaido~Toho-Oki 1994.10.04 2222 83 35.0 . Intra 5
7 Sanriku-Haruka-0ki 19941228 21:19 7.7 335.0  Inter 11
§ Hyogo-ken Nanbu 1995.01.17 546 69 10.0 Croestal 34
9 Morth-Westsrn Kagoshima 1997.03.260 1731 61 6.0 Crustal 3
10 North-Western Kagoshima 1997.05.13 1438 6.0 7.0 Crustal 3
11 lzu Hanto Toho-Oki 1998.05.03. 1109 556 30 Cretal 8
12 Wastern Tottori 2000.10.06 1330 6.8 11.0  GCuetal S0
13 Geiyo 2001.03.24 1527 6.7 5.0 Inta 40
14 Mivagi-kon Okl 2002.11.03 1237 64 45.0 Inter 21
15 Hyuganada 20021104 1336 5.6 350 Intra 9
16 Mivagi-ken Oki 2003.05.26 184 7.0 TLO Intrz 33
17 Northern Mivagi 2003.07.26 713 6.1 120 Crstal 9
18 Tokachi Oki 2003.09.26 430 8.3 35.0 Inter 16
19 Chustsu 2004.10.23, 1756 6.6 100 Crustal 30
20 Kushiro-oki 2041129, 332 7 48.0 Inter 3
21 Wastern Fukuoka 20050320 1053 6.6 90 Crostal 25
22 Miyagi-ken Oki 2005.08.16 1146 7.1 420 Inter 42
23 Chustsu~oki 2007.07.16  1¢:13 6.6 10.0 | Cnstal )
24 Ibaraki-oki 2008.0508 145 68 5.0  Inter 1
25 Iwate~Mivagi Nairky 2008.06.14 843 69 10.0 | Crustal 30
26 Northern Iwate 2008.07.24 036 6.8 108.0 Intra 24
27 Surugawa 2009.08.11 507 62 250 mira 30
28 Tohoku 2011.03.11 1446 9.1 25.0  Inter 34
29 Off-lwata 2011.05.11 1508 74 320 Inter 10
30 Off-lbaraki 2011.03.11 1515 79 38.0 Inter 20
31 Norther Nagano 2011.03.12 339 63 i Crustal 15
32 Eastern Shizuoka 2011.03.15. 2231 6.0 10.0  Crestal 13
33 Off Mivagi 2011.04.07. 2332 7.1 39.0 Infrz 35
34 Hama-dori 20110411 1716 6.7 10,0 | Crstal 20
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log SA(T) = (T + g(X) — kX + &(T)
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Database of NGA-West2
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Figure 1. Distribution of recordings of the 1997 PEER, NGA-Westl and NGA-West2 ground

motion databases with magnitude and distance.
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NGA-West2
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Abrahamson et al.(2014)
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Chiou and Youngs(2014)
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Figure 13. Residuals versus magnitude, rupture distance and V g, using the derived equation for
estimating PSA for 7 = 0.2 s at sites with Vg3 > 450 m/s.
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