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3.1 ENOWET L — FINHE O EIRFFE O A

RIZBT DA Z — eI HEE T 5 72 D O BURF O K5 R O BB T & 2 Hiu s F8 A A
FEHEEART TIX VBE T L— FAMED 59 b hAIAALTEET L — s (BT AT 7))
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2T THNHBEORMHALEIRE T VOREFIELZHITEM L, UEFRKE % R E L7z #
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2. ENOWET L — FNHIEDO BRSO A
2.1 EHNDZT 7 NHUED R EB) M OFHE

ENDORAT 7HNMEOMEITREOPHA S LT, HiEECET 2T TH s A -
)11 (1999) . Kanno et al. (2006). Si et al. (2013) . Morikawa and Fujiwara (2013) .

Zhao et al. (2016) ZFH#& L 7=,

(1) & #2JI(1999)

a] - #2)1(1999) 1%, 1968 5 1997 - TICHARTHA L 21 HUEN LG L L7k
Balgk (R 2. 1-DEAHWT, W& A4 7B L ORGSR E B Lo R RN E - K
B OB R L RE LT,

W B A B O S 513 (2. 1-1) AT, RO 5613 (2. 1-2) X TR L2 |lEE
TNEHND, bITERES WEZA TR 820 ANTBZETQ 1-3)ATrRIND,

logA=b-log (X+c)-kX W (2.1-1)

logd=b - log X,, - kX, e

og 08 Aeq q . &) (2.1-2)

b=aMw+hD+Z_d?-S,-l+e.+€ ‘ (8) (2. 1-3)
AT ATHUESI O B RIEIRAE . X I e R [km] . Xeq 145 B PR PR B [km] &

AT, MylZEF—RA L b~ =Fa— K, DIFERES, SIIWEY A7, e lXTEHH, ¢
IR ELZ R T, a. b, d ZEYRGEEEZRT, (AL, HIEX A7 SI13¥ I—ZEK T,
RANHE, 71— MNIHEBIOT L - FAMEDO 3 >ON T IV THZ D,
g e R O35 G (2. 1-) N CTR SN DRI c ZHAL T, HEERN/hENWE Z AT
MR ORIEM AT T 5L 29I LTWVWD, T2 o, e lXEURREZEET,
c=c 107 | 3) (2. 1-4)
HAE DO FEBIZONW L, BARIEEOL AT, A EORKIMEEBMEE 1. 445 L
THIAR B DR RINGE B IC S U7 fif & Ml B Gl & 70 i RONGE B A A C g
ETORKMEE OB EXEZRDD ZLICLTW5D, HRKHEEOEAIT, HigHiE
R ERBHAEDOIRES 30m E TONE S PORE AVSy DBFRN (2. 1-5) ZBEL T 5,
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log R = 1.83 - 0.66 log AVS,, @ (2.1-5)
] - B)I(1999) I X2 Wil 2 A 7 2 L OB RO R OB 2K 2. 1-1 127 F, X

H . Intra-plate W AT 7THRHHMEBEOH TH 5.

#£2.1-1 F - B (1999) DF—F N— 2 DHEY A K

Table 1. The list of the earthquakes in.the database

NO Earthquake Date | M, | Depth Number of recordings Fault Type |Weight|  Reference
Peak acceleration | Peak velocity
1/Off Tokachi 1968.05.16] 82| 15 10 10| Inter-plate 3 L2
2|Off Nemuro Pen. 1973.06.17} 7.8 25 6 4 Inter-plate (o 1,2
3|Near Izu Oshima 1978.01.14] 66 7 3 12|Crustal [3 N
4|0 Miyagi Pref 197806.12 76| 37 13 10| Inter-plate c 1
5| East off Izu Pen 1980.06.29| 6.5 7 19 16|Crustal B 3
6|Off Urakawa 19820321 69| 25 19 9[Crustal c 1.2
7|Nihonkai-Chubu 19830526 78| 6 21 17| inter-plate c 1
8/Off Hyuganada 1984.08.07| 6.9 30 9 8| Intra-plate C 4567
9|Central Iwate Pref. 1987.01.09| 66 73 10 5| Intra-plate C 489
10[Northern Hidaka Mr. 198701.14) 68| 120 16 9| Intra-plate c 49,10
11|East off Chiba Pref. 1987.12.17| 6.7 30 173 47|Crustal A 1,311
12|Off Kushiro 1993.01.15| 76 105 51 21|Intra-plate B 4,11
13|Of Noto Pen 19930207 63 1§ 21 5[Crustal C | 413,14,15,1617
14| Southwest off Hokkaido 1993.07.12] 77| 10 52 18 Inter-plate B e
15|East off Hokkaido 1994.10.04| 8.3 3s 41 17| Intra-plate B 4,18,19,20
16|Far off Sanriku 19941228 77| 35 83 30| Inter-plate B 4222324
17| Hyogo-ken Nanbu 1995001.17] 63 10 35 47|Crustal A 425
18| Off Hyuganada 1996.10.19] 67| 25 106 67| Inter-plate A 426
1 K Pref, | 19970326 6.1 § 121 68|Crustal A 42728
20[Northwestem Kagoshima Pref. | 1997.05.13| 6.0 7 121 64| Crustal A 429
21{Northemn Yamaguchi Pref. 1997.06.25| 5.8 10 152 59|Crustal A 4,27,30
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Fig.11. The effects of fault type on peak ground motion
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(2)  Kanno et al. (2006)

Kanno et al. (2006) 1%, 1963 475 2003 4£ £ TO H A O HE O #ELEE X OV
O HIFE LR (B 2. 1-2) & FVN T, Vs=300m/s #824 > Ml (AT Ik U 7 8L A o S35 1
HiAR) (SIS 0T B R RN | fie KO 38 L OB B 4L 5% D M IR A A~ 7 b v o BEEfE
BEAARE L7z, Kanno et al. (2006) DFEREREAIL, HHEOE— AV v =F =
— K My, WiERAEEERE X, BIOBRES DO 3 22T 2—2L32% (K2.1-6Fk&
oK 2.1-7)

log pre = a; M, + b, X — log(X + d, - 109M)
+ ¢ + &g (D=30km) (5
(2.1-6)
log pre = a,M,, + b, X — log(X)

+ ¢, + & (D > 30 km), (6)
(2.1-7)

Z 2T, pre [& Vs=300m/s fH Y O HIA 2 I 1) 2 #IFEB) O PGA (em/s2) , PGV (em/s). & L

TP T EL 5RO M EISE AT ML T, DIFEFRES (km), ar, b, ¢, diy ax, bo,
co lEERRELT, 1. e T THRZETH D,

MR 1T TR o (2. 1-8) B L O (2. 1-9) L Wi+ 5, Z 22, ¢ (X HsHiE
R, p & qIZERMREL, AVS30 1T & 30m £ TOHUME V- S JHEE (n/s) . pre o (T HAE
DEBEMELEZTHMETH S,

G = log(obs/pre) = p log AVS30 + ¢, (3)
g P P log ] (2. 1-8)

log preg = log pre + G. (9)
(2.1-9)

Kanno et al. (2006) (2 & 2 HBEHEAOMEOHI Z X 2.1-3 1277, KH, Deep @
FFINAT THNHBEOH TH 5,
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(a) Observation Points
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Figure 1. (a) Observation site locations and (b) epicenters of earthquakes used in
regression analysis.

<] 2.1-2 Kanno et al. (2006) ®[alg 5341 T H 72 HI5R 0 58 A7 @& M OB D 53 A
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(a) Shallow Earthquake Figure 4.  Attenuation curves of PGA and
o 4 " PGV for M 6.5, 7.0, 7.5, and 8.0: (a) shallow
o 10 IR = 10 R AT carthquake; (b) deep carthquake.
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(3) Si et al. (2013)

Si et al. (2013) 1%, 2011 AL H K FEEMHEOMICHEAE L THEZEZ0H L
WF = R— R (£ 2.1-2) &b LI, 14 HO NN HE, 1107 L — FRHE,
IfH D AT TNHIETEDNTZMELSE HV T M9 7 7 A % Tl F ol 5272 I B 524
AT MVORBEREXZRE LT,

IEFEJRE AT RV SADERE T V% (2. 1-10) XU~ T,

log SA(T) = b(T) + g(X) — kX + &(T)

)= —log(X +C); D <30km
()_Qm%@nnfyma%@+oﬂ>wm&szD
C =0.0055-10"" T'< 0.3

=0.0028-10""" T > 0.6

k=0.003,7 <0.3s
=0.002,7 > 0.65

O (2.1-10)

T2, XiEWrE s e, b U< IXEMERERE, DITEREITH D, B gV
TR R, CIlIWTE R EREEOL A ORRME O 2 £ 34T, kITEMERELZE L
TW5, TITEWY T, #HIZ0.01~10TH D,

BT b (D) ITERFEIRS, BiE 2 A 7220 AR Te 1-1) N TREh
Do

a/(T)M,, +%"d,(T)S +h(T)D+&(T)

M <830rM <7.5ifT >2s 2)
a,(T)M, + % d,(T)S +h(T)D +&,(T)

M >830rM >7.5ifT > 2s

b(T) =

(2.1-11)

T MIFE— R MY T =F a— R SEWEY A 723 TEHK T, HIB IR,

U= MHEBLIOT V- FAMEDO 3 SO T T THZ 5, £
e, e (TERREZ R T,

. ai. ax, h, di,

Si et al. (2013)ICXK2WiEY A 7 Z L OB ERNDOEROH %X 2. 1-4 |27,
X H ., Intraplate 2’ A7 7 NWHIEDH TH 5,
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#2.1-2  Si et al. (2013)DF—H _XR—ZADOHEY A k
Table 1  Earthquakes used in this study

EQ. EQ NAME InmalDate = Tme Mw  Depth Fauk 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 6.7 300 Intra 10
3 Off Kushiro 1993.01.15. 2006 7.6 105.0 Intra 8
4 Off Noto—hanto 1993.02.07 2227 63 150  Crustal 3
3 Hokkaido-Nansei-Oki 1893.07.12 2217 7.7 10.0 Inter 4
6 Hokkaido-Toho—-Oki 1994.10.04. 2222 83 35.0 Intra 3
7 Sanriku—Haruka—Oki 1994.12.28 21119 7.7 35.0 Inter 11
8 Hyogo-ken Manbu 1995.01.17 546 69 100 Crustal 34
9 North-Western Kagoshima 1997.03.26 1731 6.1 6.0 Crustal 3
10 North-Western Kagoshima 19970313 1438 60 70  Crustal 3
11 lzu Hanto Toho—Oki 1998.05.03 1109 56 3.0 Crustal 8
12 Western Tottori 2000.10.06 1330 6.8 11.0  Crustal 50
13 Geiyo 2001.03.24 1527 67 51.0 Intra
14 Mivagi—ken Oki 2002.11.03 1237 64 46.0 Inter 21
15 Hyuganada 2002.11.04 1336 56 35.0 Intra 9
16 Miyagi—ken Oki 20030526 1824 70 710 Intra 33
17 Northern Miyagi 2003.07.26 713 6.1 120 Crustal 9
18 Tokachi Oki 2003.09.26 450 83 35.0 Inter 16
19 Chuetsu 2004.10.23 1756 6.6 100 Crustal 30
20 Kushiro—oki 2004.11.29 332 70 48.0 Inter 5
21 Western Fukuoka 2005:0320 1053 6.6 90 Crustal 25
22 Miyagi—ken Oki 2005.08.16 1146 7.1 420 Inter 42
23 Chuetsu—oki 2007.07.16 1013 6.6 10.0 Crustal 22
24 Ibaraki-oki 2008.05.08 145 68 51.0 Inter 11
25 Iwate—Miyagi Nairiku 2008.00.14 843 69 10.0  Crustal 30
26 Northemn lwate 2008.07.24 026 68 108.0 Intra 24
27 Surugawa 2009.08.11 507 62 23.0 mtra 30
28 Tohoku 2011.03.11 1446 9.1 25.0 Inter 34
29 Off-Iwate 2011.03.11 1508 74 32.0 Inter 10
30 Off-Ibaraki 2011.03.11 1315 7.9 38.0 Inter 20
31 Norther Nagano 2011.03.12 359 63 7.0 Crustal 15
32 Eastern Shizuoka 2011.03.15 2231 6.0 10.0 Crustal 13
33 Off Miyagi 2011.04.07 2332 71 59.0 Intra 35
34 Hama-dori 2011.04.11  17:16 6.7 10.0  Crustal 20
10} v ——rry 10— r—
F Faylt distance = S0km] Fault distance = 50km]
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Figure 7 Predicted response spectra based on the results
(Left: horizontal component; Right: vertical component)
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(4)  Morikawa and Fujiwara (2013)

Morikawa and Fujiwara (2013)i%. Kannno et al. (2006) 07 — % ~_— Z|Z 2011 4E 3
b 5 R EPE R O MBS A BML T (R 2.1-3) | v/ =Fa—FMWw9) 7/ 7R F
THEAATRE e, RRNMNEEE, R, BRI OIMNEEIGEA~7 My (A#H - 0.05~10
) OB EXZRE L, BEEREXT, 3 S oMEY A 7 (NEMERNBE, 7
L— NEHIE, A7 TAME) 2508 L, F—RA Y xS =F a— R My & WiE AR
BEXZNTA—=2 LT D,

W8 LA EDFE O, HIEB ORI D@ KFMAL S/mdic, T—AV b~V =F a—
Ko 2 REEZRY ANz 1 (K2 1-12B8L0K2.1-13) &, E—A L v T =F
2 — ROMBBEIZRIBEOFEITH 2T AhzE7 12 (X 2.1-14 BLW2.1-15) ® =D

DETNVERELE,

51
log pre = ay(Mw) — Mw)? + by X +c1 4 (3)
v 2
—log(X +d; - 109%"1) + g (2.1-12)
Mwy =min(Mw,Mwor) . . . . . . . . (4
(2.1-13)

Z 2T, ais bk, cike dBIED e i ZERBRE. o ITEERETH D, Mo (FEETH
DOEEOMEBEET—A L N TH D,

EF)L 2

log pre = a;Mw’, + by 4 X + ¢ 4 )
—log(X +dy-102M) + 5y T T T 2. 1-14)

Mwh =min(Mw.Mwyp) . . . . . . . . . (6)
: ( ) (2.1-15)

T2, ass boyy coxn BIXW e iZEVRRE., o 13EERETH D,
KEHF T, Myors Mt BE X My ITHEZ A 7B L OCMEFHOFRAIC LI O WER L E
25 & Myor=8.2, My=16.0, My2=8.1 & 725,

Morikawa and Fujiwara (2013)|Z K 2 HEEEEEXORE R OB %X 2. 1-5 (Z/RT,
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# 2.1-3 Morikawa and Fujiwara (2013)
WX vEBEMEn#HmEY X

Table 1. Events of fault plane models added to our database.
The hypocenter location is after the TMA.

Origin time Mw Lat. Lon.  Dep.
[JST] ) N [E]  [km]
2004/00/05 19:07 7.2 33.03 13680 38 m 3]
2004/00/05 23:57 7.4 3314 13714 44 m 3]
2004/09/07 08:29 &5 3321 137.29 41 m [3]

2004/10/23 17:56 6.5 37.29 138.87 13 14]

Type Rel

|
2004/10/23 18:11 57 37.25 13883 12 I [4]
2004/10/23 18:34 62 37.31 13893 14 I 4]
2004/10/27 10:40 5.8 37.29 139.03 12 I 15] Crital
2004/11/08 11:15 55 37.40 139.03 0 I 5 Mw=6.5, H=10km

2004/11/2903:32 7.0 4295 14528 48 1 3] I

2004/12/06 23:15 6.7 4285 14534 46 o [3] 107 B e

2005/03/20 10:53 6.5 3374 13018 9 I [6] _‘“ This Study (Model-1)

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

2007/03/2509:41 67 3722 13660 11 1 [ E | Thiz ey (oget ]

2007/07116 10:13 66 37.56 13861 17 1 [8] . 51 & Midorikawa (1999)

2008/05/08 01:02 6.2 3623 14195 60 1 9] = E

2008/05/08 01:45 6.8 3623 14161 51 nm 19 r Kanno et al. (2006)

2008/06/14 08:43 6.9 3903 140.88 8 I [10] I

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

2008/07/24 00:26 6.8 3973 14164 108 I [11] 0 e o7

2008/09/11 09:20 6.8 4178 14415 31 o (9 Distance [km]

2009/08/11 05:07 62 3479 13850 23 m [12]

2011/03/09 11:45 7.2 3833 14328 8 o [13] Plate-boundary Plate-boundary

0110311 1446 90 3560 14150 24 1 [14] Sl b

2011/03/11 15:08 7.4 3984 14278 32 nm [13] ki i

2010/03/11 15:15 7.8 3611 141.27 43 o - [13] 107 F 107

2011/03/1203:59 62 3699 13B.60 8 I [13] = < F

2011/03/1522:31 59 3531 1387 14 I [13] TE A g B

2011/03/19 1856 58 3678 14057 5 I [13] ) B | 2 I

20101/04407 23:32 7.1 3820 14192 66 m  [13] §10' E §10' 5

2011/04/11 17:16 6.6 3695 140.67 6 I [13] F -

2010/04/12 14:07 5.8 37.05 140.64 15 I [13] B B

20011/06/23 06:50 66 3995 14259 36 o [13] I B

2001170710 09:57 7.0 38.03 14351 34 m [13] 100 IR AR R WA 100 Ll

011/07/23 1334 63 3887 14200 47 W [13] L R B G i

2011/07/2503:51 62 3771 141.63 46 o - [13]

2011/07/31 03:53 63 3690 14122 57 Im [13] Fig. 10. Comparison of our new GMPE to existing Japanese

2011/08/01 23:58 58 3471 13855 23 m [i3] GMPEs [1.2] for PGV. H is the assumed focal depth re-

2011/08/19 14:36 63 37.65 14180 51 m [13] quired in the use of Si and Midorikawa’s GMPE [1]. Thin

W01/0917 04:26 6.6 4026 14300 7 o [13] lines in the right-lower panel are a case applying Mw = 8.2

2001/11/24 19:25 61 4175 14280 43 o [13] instead of Mw = 9.0 for introducing magnitude saturation.
Records observed during the 2011 earthquake are plotted us-

Type: I = crustal, II = subduction plate-boundary. 11l = ing gray dots in the right-lower panel.

subduction intra-plate Ref: Referred fault model
2.1-5 Morikawa and Fujiwara (2013)
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(5) Zhao et al. (2016)

Zhao et al. (2016) (%, 1968 /b 2012 FFE TICHAR TR Z o7 136 HO R TF TN
HEIZ L D 4710 H O MEB R A W CTHLEEETRE 27 bV & e RONGE FE o B
ERERE L,

viip & 1 FHOHBED jFHOBIRLEIZE T 5 SR RHELUNEEIEE A7 F L (H
PIXENINERE g) . FITHRANIMEE (g) & T 5 &, EURETMIITRNTERIND,

log, (i ;) = fimst + gsLlog, (7 ;) + gsir log,(x; ; + 200.0)
+ esp X + gsiuXij +es X+ vsL

+ log,(A) + & ; + ni. (2a) (2.1-16)

T AT fus WERIRRAME . go (TR R gou (THIEBEIC I 1T 2 MATIR R s 1T
MR g [ FIEMEIMR I, vIZKIIHFICBIT 2 IRT . x (I8 £ CTORME
B, es 1ZEH A ITHE L IEMIE O 5 % & HURIIE R, & ITHBENOIZ S Z, 7
ITHIEM OIE S S &E Th 5, BIREEEE X 300km £ TT, AMIZ0.01~5BTH D, ri ;1T
C. 11 XRB LV 1-18) A THZ BN D,

rij = Xx;j +exp(c; + c;,Cp), (3) (2.1-17)
m; if m; <C,,
o 4
{Cmax if m; >Cmax ( ) (2 1*18)

Zhao et al. (2016) IC XA AT 7 HNHEDOHEIHEZEX O EOFI 2K 2. 1-6 IR T,

2.1-9



- Rock
2
g
£
g 0.l
=
w
.
g 0.01
=
3 "y
% 0.001 ====My 7 Dist.=30 km
-=-My 8 Depth=30 km

0.0001

PGA 0.01 0.02 0.04 008 0.16 032 0.64 128 256 5.12

Spectral period (s)

Figure 16. Predicted rock-site spectra for slab events with M, 5-8
and a depth of 30 km at a source distance of 30 km. The color version of
this figure is available only in the electronic edition.
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2.2 EHHNDOATZ THNHBEOWIE /NT XA —H ORTEHIEDOHE

ENDAT 7THNMEOWE T A —XDOFFEHFEE LT, HEFRENFICHEEALIZ X
DUYFET L — P NHEOMREFH FHIL O E(2016) D & & o7, FE4 - il (2006) , 1H
fth (2006) 38 L OFrH: - i (2015) ZFHAE L 7=,

(1) 44« 4l (2006)
FER -t (2006) 1X, 2T 7T WHIEORFRAFMEOMEF 2B E 2 T, 27 7 ANHUE OWE
NI A= DOFELEEREL TN D,
Step 1 AT T7THNHEOHMBEE—A2 N M DT
Step2 T AU T 4 OHEIE S, EHET—A L M UDOAr—1 701 (K2.2-1 8K
W2.2-1 ) 27 AXY T 1 OHEFE Sasasatani D& E
S, casaran KM 12 1.25 10710 5 (M [dyne- cm])* (2.2-1)
Step 3 FHEHIL NIV Apwsarans EHIBEBE—RA L N MDA —V 70 (K 2.2-2 B X
W2.2-2 ) SEEI L~V Adsasarans DX E
Ay amildyne-cm/s? 1~ 9.84x10'7 x (M, [dyne- cm])" (2.2-2)
Stepd T AU T 4 OEB n OHEE : 72720, TAXRY T 4 OHEE S/n X (r)? (2
I, niE nBZBEOT ALY T 4 DFAR)
Stepb FJAMIL NNV AL T AR T 4 NTA=ZDFR :2.2-3X>r & o, D

E (22, Ao i nFEBHBOT AU T 0 OIS IET &)
A=47p> > (r,Ac,)’ (2.2-3)

Step6 MEE—RAL MU ET ARV T A NRTFA—2DEE :2.2-4 X=SEnr) D

BE (220, reldWE AR A P L AE LS a 0 R)
My=(16/Tyr, xY (1’ Ac,) (2. 2-4)

yyc
N N

AT TAMBICRBT DT ANRY T A OHAE Sasasarant & T —A 2 b M DB

(B

&1L, Somerville et al. (1999)IZ X 2 NEEHIBEANHED 1/4 & LTW5 (¥ 2.2-1),
F-, HEE— A b M=2X10"Nm BLEDZ T TNHIBIZEB T 2B L ~_IL Assarans
EHIRE— A b M BRI, TOH - il (2001) 12 K 2 PARE PN LR O B 1 L ~r
Adan D A5 LTS (X 2.2-2),
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Ay, [dyne-cm/s?]=2.46x10"7 x (M, [dyne-cm])"? (2. 2-5)

10* _
10 P )
g . / o
3 10 oe
5 °
®
S 10 pd
e | e
. Poe
100 ,l F!l!lllr F,I!III! 1 L L 1riill L0ty Lt L LLLL
10° 107 10" 10®  10® 10" 10%

Seismic Moment (Nmy)

TFig. 4. Empirical relationship between combined asperity area
(Saz) and seismic moment (Mo) for eleven intraslb earth-
quakes. A solid line indicates the relationship for inland
crustal earthquakes (after Somerville et al., 1999).

X 2.2-1 4« fth (2006) (2L 22T THHED

TANY T 4 DG S, EHBEE—A2 b M & OFEFZ

1020- E
@ : L7
E ] /,_--"‘
=3 10" 18—
< 3

wd

10'® 107 10" 10" 10%° 10%!
Mo [Nm]

Fig. 7. Empirical relationship between short-period level of S-wave accelera-
tion source spectrum (A) and seismic moment (Mo) for subduction zone
earthquakes in the eastern part of Hokkaido (after Maeda and Sasatani,
2006). Solid circles: intraslab earthquakes and open circles: plate-houndary
earthquakes. A solid line indicates the relationship for inland crustal
earthquakes; dashed lines show the standard deviation (Dan et al., 2001).
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(2) - fh (2006)

H - (2006) 1%, 7 ANY T 4 BT VIS L2 2 T T NHLE O R L RIRE T L D

REFELRZ L, 2003 FEEHERMPHELZ GG L LEBREH Y I 2 L—2a U EafTu,
Z ORER 2 BRIFLER 2 O N E O R RN S kT2 2 L1k, REHEDORY
Mz RmRLTWD,

AT THRHEORIFET VOB EICB W THERMICEZ DM T A =2 L Z DM
FERWE AT A =2 2K 2.2-1 TR T, KX TR, —MRNR 2T T NHE O R IRERE
& LT, Asano et al. (2003) ICKDKRFEHETL— 74 VS L—FDRATT
NHIFE DI T ALY T 4 [ Swasane & HIEET— A2 b Iy OBRER (X 2.2-3 D a) B k&
W 2.2-6 ) &, FEE - A (2004) 12 & 2 HWIRMH O 2 T T RHE OB L~ Ao
EHIET— AL N OB (K2.2-30bBIV2.2-7TX) AL TV,
[km?]=1.71x10""® x (M,[dyne- cm])*" (2.2-6)

aasano

[dyne-cm/s?]=1.13x10"® x (M [dyne- cm])"? (2.2-7)

satoh
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O 12001 SFEFHRE (Asano ef al., 2003)19

& KFETL— FROBE (EF - ik, 2000)'8

O: 74 EriT L — FAOHhE GEF - 4, 200919
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(3) FrH - fh (2015)

ket (2015) 1%, M 2.2-4 12 R"T L 97, L — FOBEWZLAEFEHL L 0E
WEEBRLTEWE AT A—2REFEERELTND,

BRI K 2. 25 [OR T X IC HIEBE— A MDD EAW L~V Z2 RO 5B,
KFEHETL—FDORAT THMBEOL AT, (2.2-2) TR LR - fh (2006) O fEER AU
FoTHLNDMED 1.3 1% (2.2-8K) LL, 74V E VBT L— b DRATTHNHED
SaldiEs - fth (2006) OFEBRAUC L > THRLNDMED 0.5 4% (2.2-9) LT3,

Aldyne-cm/s?1=1.3x9.84x10"" x (M, [dyne- cm])""? (2.2-8)
Aldyne-cm/ s%]=0.5x9.84x10"7 x (M, [dyne- cm])" (2.2-9)

FEM LV ASARRE LB OWE T A —FREFEICONTIE, 7 AR T ¢ HfE
e A SRR B e T2 TEEHR A L TV D,
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X 2.4-1 12K 2.3-1 ITR LEENORT THNMEOMEE— A M M & EEH L~ 4
EOBEGEE, KEETL— FPHNOHBIZOWTIEZALNT, 74U E LS L— FNOH
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ENDOT 74— 4 XAHE (RWVWHIE) OWE T A=%D
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B IIHRFA CFROEANATTE2MELZPLE L,
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[N] [E] [km]
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[ 2.6-11CK2.5-1 IR LIZERNDOT U2 —F 4 AHBEOHEE— A b M & EHH L
N A LOBBRERT, KT, BRANI ALY R A N —T 3 (STt Spectral
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1 ESD AT 7TNHEOMEEEORE
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Atkinson and Boore (2003) Z @4 L7z,
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(3.1-1)

TS VIEERKINEE S U <IFIMREL WD NMEEIRE AT S (en/s) |

— AU N =Fa— R — FEMIE N=8.5, A7 T HHIE M=8.0)., rn(M)=c +c:M,

hBIRIRE (km) . Resqrt Dran’+ %) . Deaure [EWTE O N L— 22035 O I EERE. AL W7
JE T DR A R TIE T, A=0.00724X 10" T %, Se. Sy Se 1L HIARFE R 2 3% 9 1%
o, sHERKIMEEDOKRE S LIRFKICL 2B ETH D,
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RN BT, MR ORI ICHIEMER R 572 2 £ 226 Cascadia & H A O HilE i 1E
B ERELE,

Atkinson and Boore (2003)1Z X 2Wikg % A 7 Z & O BHEHR R OFE R OF %X 3. 1-1
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Figure 10. Comparison of response spectra am-
plitudes at frequencies 0.5 Hz (top frame) and 5 Hz
(lower frame). for interface (depth = 20 km) and in-
slab (depth = 50 km) events of M 6.5 on NEHRP D
soil sites. The corresponding predictions of Youngs
et al. (1997) for interface (open symbols) and in-slab
(filled symbols) events are also shown. Interface
ground motions for M 8.5 (NEHRP D) are also shown
in comparison to the Youngs ef al. (1997) predictions.
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Figure 9. Peak ground acceleration for rock
(NEHRP B) and soil (NEHRP D) for interface events
(depth = 20 km) of M 5.5. 6.5. 7.5, and 8.5 (top
frame) and in-slab events (depth = 50 km) of M 5.5,
6.5, and 7.5. Nonlinear soil response is assumed for
records with PGA_, = 100 cm/sec’.
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3.2 EHDORT THNHMBEO R —1) o ZHIOFHE

EHAADAZ TNMEDOAr—1U > 70 & LT, Strasser et al. (2010) Z#i# L 7=,
Strasser et al. (2010)1X, BAD AT 7 NHEZELMHRA DR T 7T NHEZ R
F—AL T =Fa— FEBEFEBORE SOBBORAT =Y  Z7AlZHRHXTWD,
WRLELIEATTAMBOE—A Y M~/ =Fa— FEBEFEBEOE S, B, mED
BIfR &K 3. 2-1(HFNIZ, BRAAT CROLAEBABRRO —FH a2 & 3.2-1 [T+, 72,

ERDHTORRE LT =2y bE2HLEIERELK 3. 2-2 1277,

4 3.2-2 T, BEMRIIEIF O OFHEORER 2, BRI CINOFEEXHEZ . KA
O FEFILE HPIA] (TogL =2 logh 23 0.5 My (2Bl 3 2 ABELAI) ZRKE L2846 olal i
IOFREREZTL TS, KLY, BOHBAIZRE LS JREDERIL, E— A
VYT =Fa— FEBEREBORZOMKR, BEXOE— AV b~V =F2— FLE
IO EEOBRICB N T, FEMEEIB%OEHEEMICEENTWDIN, E—A L |
~ 7 =F a— FEBIEEBOEORRTIL, FHHEEB%DEFEKMN AN TND &
LTW5,
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A Figure 1. Datasets from which the average values of rupture dimensions and moment magnitude used in the regression analysis
were derived.

X 3.2-1 Strasser et al. (2010) Txf& L L7-., A7 7NHME (5] O

F—AL bV =F a— FEMEEEOKE & & O REER

# 3.2-1 Strasser et al. (2010) TR L L=, AT T7HNHME (H%]) O
F— AV MV =F 2 — F LR O KX S ORGSO R R

TABLE 2
Regression results for relations between rupture dimensions, rupture area, and moment magnitude, for intraslab events.
s.e. denotes the standard error of the coefficient under consideration, R? the coefficient of multiple determination, and N the
total number of points used in the regression.

a s.e.(a) b s.e.(h) c R? N
logyoLl)=a+hbx M, -2.350 0.453 0.562 0.064 0.146 0.813 20
log,g(W)=a+bxM, -1.058 0.217 0.356 0.031 0.067 0.893 18
logig(A)=a+bx M, -3.225 0.598 0.890 0.085 0.184 0.874 18
M,,=a+bxlogy(L) 4.725 0.274 1.445 0.164 0.234 0.813 20
M,,=a+ bxlog(W) 3.407 0.317 2.511 0.217 0.178 0.893 18
M,,= a+bxloglA) 4.054 0.288 0.981 0.093 0.193 0.874 18
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Interface Intraslab

A Figure 2. Regression results for the prediction of rupture dimensions as a function of moment magnitude. The dashed lines indicate
the +95% confidence intervals for the mean, and the heavy gray line indicates the best fit when self-similar scaling is assumed. The
values shown for the individual data points are averaged over all models in the database in the case of multiple models being available

for the same event.
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HNDRAT THRNHMEBEBOME T XA —ZD

GoEATES

E—AVRT

wE

R

FARYTA

P - N N B4 a—F— ARYTFA| s
wr | seR ERGE y=Fa— |t |z—nh| ma | TAM e |0 [TAT s
= HES F (MwdY) | (GRX) | BTE EhRTE SEXH %
&S | (FL—)
#A8 ﬁ[aNy]g g[gEy]g ff,i Mw | Mo(Nm)| Mo(Nm)| ZoMPa)| 4 (N-ms?) | fe(H2) | oa(MPa)| Su(km’) | p (knvs)
1| S Mariana |Guam 1993/8/8 1298 | 144.80 45 77 |447E¢20|  x * * * * * * Seno and Yoshida (2004)
12982 | 144801 | 50 77 35E+20 * * * * * * Tanioka et al. (1995)
2 Sumatra |Sumatra 2000/6/4 -473 | 10194 44 78 |631Ex20|  x * * * * * * Seno and Yoshida (2004)
-472 | 10209 33 * 156421 [ 90 * * * * * Zhou et al. (2002)
3 Vanuatu  [Vanuatu 1994/7/13 | -1650 | 167.35 25 71 562E+19(  * * * * * * * Seno and Yoshida (2004)
4 N. Chile  |Taltal 1965/2/23 | -2567 | -7079 60 70 |398Er19| x * * * * * * Seno and Yoshida (2004)
-2567 | -70.79 59 70 35E+19 * * * * * 45 Malgrange and Madariaga (1983)
p=45ELT A=
5 Tarapaca 2005/6/13 * * 108 77 3926+20( 149 | 1.71E+20 * 59.7 400 * Iwata and Asano (2011) 4np Ao, (Su/m)"?
KYAERDT=,
-2001 | -69.24 | 108 78 547E+20( 15 * * * * * Delouis and Legrand (2007)
6 C.Peru  [Peru 1970/5/31 | -9.18 | -7882 43 79 |89iEr20| x * * * * * * Seno and Yoshida (2004)
* * * * 1.0E+21 | 2.3-35 * * * * * Abe (1972)
7 | Ei Salvador |EI Salvador 1982/6/19 | 1265 | -88.97 52 73 112e+20| % * * * * * * Seno and Yoshida (2004)
8 El Salvador 2001/1/13 | 1297 | -89.13 56 77 |447E¢20|  x * * * * * * Seno and Yoshida (2004)
p=45ELT A=
* * 54 77 457E+20| 52 9.83E+19 * 253 733 * Iwata and Asano (2011) 4’40, (S/m"?
KYAERDT=,
* * 54 77 |447E¢20|  x * * * * * * Vallee et al. (2003)
9 Mexico  |Oaxaca 1931/1/15 | 1640 | -96.30 40 77 |447E%20|  x * * * * * * Seno and Yoshida (2004)
. A= (2nf, ' Mok
10 M 2013/6/16 | 18.108 | -99.230 | 55 591 9.1E+17 | 391 2326419 | 0803 * * 468 Singh et al. (2014) :
lexico ingh et a iy
_ 2
11 Mexico 2000/7/21 1811 -9897 | 50 589 849E+17| 377 | 221E+19 | 0812 * * 468 Singh et al. (2014) AUA(;’;;JT’Z:*
- 2
12 Mexico 2012/11/15 | 18407 | -100373 | 609 | 6.1 1.83E+18| 414 | 3.04E+19 | 0649 * * 468 Singh et al. (2014) A = @nf, ) Modk
YAERDT=.
- 2
13 Mexico 2009/5/22 | 1810 -9843 | 46 5.71 460E+17| 447 | 204E+19 | 106 * * 468 Singh et al. (2014) AUA(;;;G;;;Z:;
. A = (2nf, Mok
14 M 2011/12/11 | 1782 | -99.94 57 648 6.71E+18| 600 | 600E+19 | 0.476 * * 468 Singh et al. (2014) °
lexico ingh et a By
_ 2
15 Mexico 1994/2/23 | 1775 | -9727 75 58 628E+17| 324 | 181E+19 | 0.855 * * 468 Garcia et al. (2004) ALJ;;’QZ;JT’Z:*
1775 -97.27 75 58 6.31E+17 * * * * * * * Garcia et al. (2005)
- 2
16 Mexico 1994/5/23 | 1802 | -10057 | 50 6.2 277E+18| 324 | 297E+19 | 0521 * * 468 Garcia et al. (2004) AJ;;;;?;;E*
1802 | -10057 | 50 62 |251E¥18| x * * * * * * Garcia et al. (2005)
- 2
17 Mexico 1994/12/10| 1798 | -10152 | 50 64 520E+18| 494 | 485E+19 | 0.486 * * 468 Garcia et al. (2004) A = @nf, ) Modk
YAERDT=.
1798 | -10152 | 50 64  [501E¥18| x * * * * * * Garcia et al. (2005)
. A= (2nf, ' Mok
18 M 1996/1/1 1704 | -9951 41 41 200E+15| 173 | 1.76E+18 | 4.718 * * 468 G t al. (2004) :
lexico arcia et a iy
19 Mexico 1996/7/19 | 1724 | -10038 | 50 49 281E+16| 310 | 6.25E+18 | 2.373 * * 468 Garcia et al. (2004)
20 Mexico 1997/1/11 | 1834 | -10258 | 40 71 562E+19|  * * * * * * * Seno and Yoshida (2004)
M-ADETIEZ
1834 | -10258 | 40 71 606E+19| 266 | 7.24E+19 | 0.174 * * 468 Garcia et al. (2004) BoETAALE.
A = (2nf, )Mok
YAERDI=,
Me-SaDETIFS
LoEIOvkLiz.
* * 35 70 454E419| 27 259E+19 * 101 320 * Iwata and Asano (2011) f45ELT A=
4 g, (S/m)"
KYAERDT=,
1806 | 10279 35 74 49E+19 * * * * 300 * Santoyo et al. (2005)

3.3-2




# 3.3-1

HNDATZ THRNHMEOME T A —ZD

AR (D2%)

E—AUAT

wE

wE

71y

FRRYTA

S 5
wE | e zER ERE F=Fa—|T—sor|z—on| mn | EM S T | s
= #ES K (MwEY) | (&) | BTE BARTE SEXH %
&% | (FL—b
%8R i ’E | RS My | Mo(Nm)| Mo(Nm)| Jo(MPa)| 4 (N-mis”) | fe (H2) | Jou(MPa)| Sa(km) | f (kmis)
N] [E] [km]
= 2, Y
21 Mexico 1997/5/19 | 1728 | -10045 | 44 45 941E+15| 143 | 258E+18 | 2637 * * 468 Garia et al. (2004) 4 = 2. ) Mokt)
AERDT=,
= 2 0
22 Mexico 1997/5/22 | 1837 | -10182 | 54 65 653E+18| 221 | 307E+19 | 0345 * * 468 Garia et al. (2004) A = 2n. ) Mock)
AERDTz.
1837 | -10182 | 54 65 |708E+18| * * * * * * * Garcia et al. (2005)
= 2, Y
23 Mexico 1998/4/20 | 1835 | -10119 | 64 59 101E+18| 208 | 157E+19 | 0627 * * 468 Garia et al. (2004) 4 = @nf. ) Mokt)
AERDT=,
1835 | -101.19 | 64 59 |891Es17| ¥ * * * * * * Garcia et al. (2005)
= 2, Y
24 Mexico 1999/6/15 | 1813 | -9754 | 61 69 3.106+19| 733 | 1.15E+20 | 0306 * * 468 Garcia et al. (2004) A = @nf, ) Mok)
AERDT=,
1813 | 9754 | 61 69 |282E+19| ¥ * * * * * * Garia et al. (2005)
= 2 0
25 Mexico 1999/6/21 | 1815 | -10170 | 53 63 311E+18| 303 | 295E+19 | 0490 * * 468 Garia et al. (2004) A = 2n. ) Mock)
AERDT=.
1815 | -10170 | 53 63 |a55E+18| * * * * * * * Garcia et al. (2005)
26 Oaxaca 1999/9/30 | 1570 | -9696 | 47 74 |158E+20| % * * * * * * Seno and Yoshida (2004)
M-ADETIFZ
1603 | -9696 | 47 74 1726420| 660 | 1.89E+20 | 0167 * * 468 Garia et al. (2004) 55E7akLi.
A = 2nf, )2Modk
YAERDTz,
p=45ELT A= 4
* * 40 75 179E+20[ 19 | 380E+19 * 98 731 * Iwata and Asano (2011) o, (S/0)"
KYAERDT=.
16.00 -97.02 39.7 * 1.8E+20 * * * * * * Hernandez et al. (2001)
= 2 0
27 Mexico 1999/12/29 | 1800 | -10163 | 50 59 829E+17| 128 | 107E+19 | 0572 * * 468 Garia et al. (2004) A = 2n. ) Mock)
AERDT=.
= 2, Y
28 Mexico 2000/7/21 | 1811 | -9897 | S50 59 7.148417| 258 | 1.636+19 | 0760 * * 468 Garcia et al. (2004) A = @nf, ) Mok)
AERDT=,
1811 | 9897 | 50 59 |891Es17| ¥ * * * * * * Garia et al. (2005)
= 2 0
29 Mexico 200135 | 1745 | -10011 | 35 53 100E417| 151 | 591Er1s | 1224 * * 468 Garia et al. (2004) A = 2nf. ' Mock)
AERDTz.
1715 | -100.11 | 35 53 |1128+17| % * * * * * * Garcia et al. (2005)
= 2 0
30 Mexico 2001/3/6 | 1714 | -10011 | 38 52 830E+16| 230 | 735E+18 | 1498 * * 468 Garia et al. (2004) A = 2nt. ) Mock)
AERDT=,
1704 | -10011 | 38 52 |794E+16| * * * * * * * Garia et al. (2005)
= 2, Y
31 Mexico 2002/1/30 | 1815 | -9598 | 118 59 9.436+17| 198.1 | 694E+19 | 1365 * * 468 Garcia et al. (2004) A = (@nf, ) Mok)
AERDT=,
1815 | o598 | 118 | 59 |sotEs17| * * * * * * Garia et al. (2005)
32 Naska  |Kodiak Island  1999/12/6 | 5735 | -15435 | 36 70 |398E+19| % * * * * * * Seno and Yoshida (2004)
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HNDATZ THRNHMEOME T A —ZD

AR (D2%)

T—abe| WE | wE | T8 o |7RRUT. o=
wE | e zER ERE F=Fa—|T—sor|z—on| mn | EM S T | s
= HES K (MwEY) | (&) | BTE BARTE SEXHR %
&S | (FL—h)
%8R i ’E | R My | Mo(Nm)| Mo(Nm)| Jo(MPa)| 4 (N-mis”) | fe (H2) | Jou(MPa)| Sa(km) | f (kmis)
N] (€] [km]
p=45ELT. A = 4
33 Cascadia |Seattle-Tacoma [1965/4/29 * * 60 6.6 9.43E+18| 59 3.96E+19 * 52.1 28 * Iwata and Asano (2011) 7 d0s (Su/m)"?
KYAERDT=,
4738 | -12231 | 60 66 943E18|  * * * * 28 * Ichinose et al. (2004)
34 Nisqually 2001/2/28 | 4714 | -12253 | 47 68 | 200E+19|  * * * * * * * Seno and Yoshida (2004)
My-SaDETIFS
(LoETOYk LTz,
* * 56 68 166E+19| 37 3.80E+19 * 404 43 * Iwata and Asano (2011) p=45ELT A= 4
7p 40, (S
KYAERDT=,
47.14 | 12271 | 56 68 166E+19|  * * * * 45 * Ichinose et al. (2004)
* * 60 667 1HEHY| * * * * * Ichinose et al. (2006).
35 Olympia 1949/4/13 | 4717 | -12262 | 54 7.1 5626419 * * * * * * Seno and Yoshida (2004)
p=45ELT. A = 4
* * 60 68 191E+19| 59 5.60E+19 * 650 36 * Iwata and Asano (2011) 7840, (Su/m)'"
KYAERDT=.
* * 60 6.8 1.91E+19 * * * * 36 * Ichinose et al. (2006).
4713 -122.95 54 * 1.5E+19 * * * * * 45 Baker and Langston (1987)
36 Satsop 1999/7/3 * * 40 572 48E+17 * * * * * * Ichinose et al. (2006).
37 2001/6/10 * * 40 469 1.4E+16 * * * * * * Ichinose et al. (2006).
38 Mt Olympus  [2003/4/25 * * 46 449 6.8E+15 * * * * * * Ichinose et al. (2006).
A= 4np 40, (S,/
39 Romania |Vrancea 1977/3/4 45.77 26.76 94 74 158E+20| % * 1.40E+20 * 120 65.61 45 Oth et al. 2007 D2 EYAER D
2o
= 2, L)
40 Vrancea 2002/9/6 45.64 26.43 105 44 1.78E+15|  * * 484E+18 | 83 * * 45 Oth et al. 2007 A = @nf, Y Mok
AERDT=,
= 2, L)
41 Vrancea 2002/11/3 | 4574 26.86 90 40 1.26E+15|  * * 580E+18 | 108 * * 45 Oth et al. 2007 A = 2nf, Y Mok
AERDTz.
= 2, 0
42 Vrancea 1999/11/8 | 4555 26.35 138 46 1.00E+16|  * * 632E+18 | 40 * * 45 Oth et al. 2007 A = @nf, ) Mok)
AERDT=,
= 2, L)
43 Vrancea 1999/11/14| 4552 26.27 132 46 1.00E+16|  * * 948E+18 | 49 * * 45 Oth et al. 2007 A = @nf, Y Mok
AERDT=,
= 2, L)
44 Vrancea 2000/4/6 45.75 26.64 143 50 |398E+16| * * 151E+19 | 3.1 * * 45 Oth et al. 2007 A = 2nf, Y Mok
AERDTz.
A= 4np 40, (S,/
45 Vrancea 1986/8/30 | 4552 26.49 132 7.1 562E+19|  * * 5.48E+19 03 30 161.78 45 Oth et al. 2007 D2 EYAER D
2o
A= tnp’do, (Sa/
46 Vrancea 2004/10/27 | 4578 26.73 99 58  |631EH17| * * 2176419 | 16-17 | 90-120 206 45 Oth et al. 2007 DV EYAERD
47 2016/1/3 * * 55 67 141E+19| 1.56E+19 * * * * % |Parameswaran and Rajendran (2016),
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3.4 [EHAD AT THNHBEOW G RT X —H DI3HT

X 3.4-1 12K 3.3-1 IR LEEHAD AT THNMEOMEE— A M M & EEH L~ 4
EORRE AR TR, B, R#IE (2. 4-1) X TR LS - il (2006) 12 K 2 27 7 HE
BOMBEE—A 2 b M EEFAH LIV Asaran & ORRBRIYBELR N THRBE 21FSMETH D,
Bz, (2.4-2) TR LU - (200D IC X 2 NEEHIEDOHEE— A N M & FEEM L
NIV Agan & DRRBRIIBIRATH 2, KBITFHE T, MBITZD 2 fi£L 1/20 mBRED X
HETH D,

Sasatani et al.(2006) Dan et al.(2001)
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fill (2006) |2 K 2 RERAYBIRRN L 0 R O/N S, BRAITRLELV—=T DR 7
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HfE Sa & ORERE /R, Ko, FRERIE (2. 4-3) L TR LUEER - #1(2006) 12X 52T TN
HBEBOMBE—A L M &T AXRYT 4 OB Sawsaan & ORBRAIBEIRA T, BIX
(2.4-4) TR L7z Somerville et al. (1999) 12 L 2 NEMIEOHBEE— X b My & 7 A

U :7—; A O)ﬁ*ﬁ Sasomerville & O)'&‘Ix:sﬁﬂ/\j F?lg'gﬁitwcg%) éo
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3.4-4 ICEHAND AT THNHEORMBEE— AL b M & A/ Adwsarani & DEFZEETRT, 22
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Fig. 1. T hic map of the C: hian area. The Vrancea seismic zone is located where the Carpathian arc is bending from NW —SE toward W.
The epicenters of the earthquakes utilized in this study are depicted by stars (large stars: October 27th 2004 and August 30th 1986 TARGET-A
respectively B events) and the corresponding focal mechanisms are shown. The focal mechanisms of the EGF-events are lined up in columns with
respect to their associated main shock. The information for the March 4th 1977 event is depicted in Fig. 10. The K2-accelerometers which provided
data from at least one EGF- and the comresponding TARGET-event are marked by inverse triangles and their three letter station code.
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Fig. 10. Comparison of simulated and observed intensities for the March 4th 1977 carthquake. The black lines indicate the observed isoseismals,
whereas the colored dots show the simulated intensity values at each station for the lowest misfit model. The simulated intensities are additionally
displayed close to each dot. The locations (stars) and focal mechanisms of TARGET-C and EGF-C200410 are included in the map.
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# 4.1-1 0th et al. (2007) |2 X 2 xfGHIFR DT
Table 1
Hypocentral coordinates, moment magnitudes and origin times of the events used in this study
Event 1D Date Origin time Latitude (%) Longitude (%) Depth (km) My
EGF-A200209 2002/09/06 05:04:02 45.64 2643 105 4.1
EGF-A200211 2002/11/03 20:30:23 45,74 26,86 90 4.0
EGF-B19991108 1999/11/08 19:22:52 4555 2635 138 4.6
EGF-B19991114 1999/11/14 09:05:59 4552 26.27 132 4.6
EGF-B200004 2000/04/06 00:10:39 4575 26.64 143 5.0
EGF-C200410 2004/10/27 20:34:36 4578 26,73 99 58
TARGET-A 2004/10/27 20:34:36 45,78 26,73 99 38
TARGET-B 1986/08/30 21:28:37 4552 2649 132 7.1
TARGET-C 1977/03/04 19:21:54 45.77 26.76 94 74

The smaller earthquakes used to generate the synthetics are characterized by the identification code EGF whereas the respective main shock 1s
referenced to as TARGET. The information shown in this table was gathered from the ROMPLUS=atalogue (Oncescu et al., 1999a).

# 4.1-2 0th et al. (2007) IZBWTHEEINT-RERT 7Y — o BAEEIC H W D 5l

Table 2
Parameters My/my, fc.1, fc g, N and C obtained from the spectral ratio
analysis
Event ID My fer feg N C Number of

my  (Hz) (Hz) stations

TARGET-A/EGF-A200209 211 1.7 83 5 1.7 12
TARGET-A/EGF-A200211 651 1.6 108 7 1.9 10

TARGET-B/EGEF- 8144 0.3 40 16 20 5
B19991108

TARGET-B/EGF- 7134 0.3 49 17 15 5
B19991114

TARGET-B/EGF-B200004 914 0.3 3.1 11 07 4

# 4.1-3 Oth et al. (2007) X VLN RANBRED T —Z (My 5.8 DHIE

Table 3
Lowest misfit models for 5 consecutive runs of the genetic algorithm
for TARGET-A (Mw=15.8), inverted using both EGF-A-cvents

Run L W 7 Position Position  Misfit
(km) (km) (s) along strike along dip

wp=0.7-vg 1 0.73 1.08 0.06 0.3 0.5 54.24
2 0.73 1.08 0.06 03 0.4 54.24
3 0.67 073 0.19 03 0.6 54.87
4 0.62 1.08 0.07 03 0.4 54.33
5 082 136 0.12 03 0.6 54.99
vr=08-vg 1 81 123 Q.15 03 0.6 54.14
2 096 127 0.13 03 0.6 54.09
3 095 129 0.13 03 0.6 54.09
B 096 127 0.14 03 0.6 54.13
5 095 135 0.14 03 0.7 54.20
wp=09-vg 1 095 143 0.15 03 0.7 53.72
2 L16 278 011 0.3 0.7 5362
3 Ll6 1.8 011 03 0.7 53.62
4 1.04 139 0.13 03 0.6 53.75
5 096 133 0.15 03 0.7 53.68

The algorithm was run for 3 different ratios of rupture velocity to shear
wave velocity (vg=0.7-vs, vg=0.8-vg, vg=0.9-vg). The position of
rupture initiation along strike and dip is given as a normalized value
between 0 and 1.
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Table 4
Lowest misfit models for 5 consecutive runs of the genetic algorithm
for TARGET-B (M =7.1), inverted using all three EGF-B-events

Run L W TR Position Position Misfit
(km) (km) (s) along along
strike dip

w=07vs 1 10.12 13.10 036 0.2 1.0 30.06
2 1298 12.62 026 04 1.0 28.75
3 12.84 12.60 026 04 1.0 28.74
4 10.54 13.13 026 0.2 1.0 29.07
5 10.75 13.26 026 0.2 1.0 28.96
w=08vs 1 1431 18.14 036 03 1.0 29.16
2 14.87 18.88 0.28 03 1.0 28.77
3 14.69 2096 031 03 1.0 29.14
4 1434 1845 036 03 1.0 29.00
5 15.02 18.86 028 03 1.0 28.92
w=09vg 1 6.15 3374 041 04 0.7 3233
2 586 398 027 04 02 3042
3 6.58 370 025 04 0.1 30.14
4 587 2743 043 04 0.9 32.20
5 524 3461 042 04 0.7 3177

The algorithm was run for 3 different ratios of rupture velocity to shear
wave velocity (vg=0.7-vg, vg=0.8 -v5, vg=0.9-vg). The position of
rupture initiation along strike and dip is given as a normalized value
between 0 and 1.

# 4.1-5 Oth et al. (2007) X VORI RANBRED T —Z (My 7.4 OHUE

Table 5
Lowest misfit models for 5 consecutive runs of the genetic algorithm
for TARGET-C (My,=7.4), inverted using EGF-C200410

Square Run L W r  Position Position  Misfit
SMGA (km) (km) (s) along along dip
strike
w=09-vg 1 8.07 8.07 097 1(6) 4 (6) 2545
2 8.10  8.10 097 1(6) 4 (6) 2545
3 8.13 8.13 0.96 1(06) 4 (6) 2545
-4 8.12 812 096 1(6) 4 (6) 2545
5 811 811 096 1(6) 4 (6) 2545
Aspect Run L w T r Position Position  Misfit
ratio 1:1.5 (km) (km) (s) along along dip
strike
v=0.9"vg 7.88 12.05 0.74 1(6) 3(6) 26.35

|
2 789 1207 074 1(6) 3 (6) 26.35
3779 1191 073 1(6)  3(6) 26.40
4 760 1163 073 1(6) 3(6) 26.35
5760 1163 073 1(6)  3(6) 26.35

The algorithm was run for a 90% ratio of rupture velocity to shear
wave velocity (vg=0.9-vg). The SMGA was once supposed to be
square, once to have an aspect ratio 1:1.5 (L:W). The position of the
rupture initiation subfault is not expressed as a normalized value in the
interval [0,1], but absolutely (the number in parentheses is the scaling
factor N=6).
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#F4.1-6 0th et al. (2007) [T K DXRHFED SMGA T VD EJF/NT A —X

Table 7
Approximate static stress drop, particle velocity and slip estimates for
the lowest misfit SMGA models

Event ID Aosmga (bar)  (U) (m/s) D (m)
TARGET-A (October 2004)  900-1200 3.5-45 0.8-1.0
TARGET-B (August 1986) 300 4.0 2.2
TARGET-C (March 1977) 900 3.5 5.0
1200 3.0 55

SW (towards Bucharest)
October 2004 August 1986 March 1977

2]

p—

1.2km

8.1 km

12.6 km

8.1 km

* rupture initiation

12.8 km

Fig. 12. Sketches of the SMGA lowest misfit models for the three moderate to large Vrancea earthquakes considered in this study. The relative
dimensions are scaled correctly. The (approximate) rupture initiation locations are depicted by a star. The March 1977 (square) SMGA is shown with
its subevents (as the inversion was performed using one EGF only). Note the very similar size of the SMGA of the October 2004 and the subevent of
the March 1977 earthquakes.

4 4.1-6 Oth et al. (2007) (Z& % 3 DDOKRHIFED SMGA £ 7 /L

4.1-6



(2) Singh et al. (2014)
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A Figure 1. (a) A tectonic map of Mexico. Focal mechanisms of
the intraslab earthquakes listed in Table 2 are shown at their epi-
centers. The numbers are keyed to event numbers in the table.
Event 2, the earthquake of 16 June 2013 (M, 5.9), and event
11, the earthguake of 15 November 2012 (M,, 6.1), are not listed
in Table 2 The plus symbols indicate the locations of the addi-
tional intraslab earthquakes that are analyzed in the study. The
star indicates the earthquake of 27 October 1991 (M,, 46), which
is the closest known intraslab earthquake to Mexico City. Trian-
gles with names indicate the stations from which P-wave (S-wave
at MEIG) seismograms of the 2013 earthquake were used to
determine source directivity. (b) The cross section along A-A, lo-
cated in (a). As the geometry of the Benioff zone changes along
the subduction zone, only events that fall between the two parallel
dashed lines in (a) are projected onto the section. The dashed line
on the section corresponds with the top of the subducted slab
mapped from seismicity (Pacheco and Singh, 2010) and receiver
functions and tomography (Pérez-Campos et al., 2008).
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# 4.1-7 Singh et al.

(2014) TxtG L L7- 20134FE 6 H 16 HOHEDE G

Source Parameters of the Intraslab Earthquake of 16 June 2013

Table 1

Origin Time  Latitude Longitude

(hh:mm:ss.s) 1° NJ W) H km) M, (N-m) M,, Strke (@) Dip (§) Rake (i) Source
05:19:04.9 18.230 99.130 52 8.0 x 107 59 N3 35 -70° Global CMT
05:18:59.9 18.149 93.204 52 6.6 =107 5.8 296° 2 —80° NEIC, USGS
05:19:03.0 18.083 99.251 56 93107 5.9 328° a1° —43 SSN*
05:19:02.0 18.100 99.270 50 87 % 10" 5.9 3100 r -70° UNAM, W-phase solution
05:19:02.4 18.108 99.230 55 91107 5.9 - - - This study’

*SSN, Servicio Sismologico Nacional. Location frem local and regional P- and S-phase data, and My and focal mechanism from

regional moment tenser inversion.

TLocation from local and regional phase data using broadband and strong-motion recordings and M, from S-wave spectra of

ocal recordings.

# 4.1-8 Singh et al.

(2014) THIZ & L7z,

1964 4£-2013 4E D [EIZ CU (University City) H S THEHBI S 10 HHE DG

Table 2

Ten Intraslab Earthquakes with Largest Recorded A, at CU in the Period 1964-2013, Listed in Descending Order*

Event Number Date (yyyy/mm/dd) Latitude (°)

Longitude (°) H (km) my, M, R (km) A, (gal)! V.., (cmA)t

1 1980/10/24 18.03
2 2013/06/16 18.09
3 2011/12/11 17.82
4 1964/07/06 18.03
5 2000/07/21 18.1
6 1999/06/15 18.13
7 2009/05/22 18.10
8 1999/09/30 16.00
9 1994/12/10 17.98
10 1997/01/11 18.34

—-98.27
—99.26
—-99.94
—100.74
—-98.97
—97.54
—98.43
—-97.02
—100.52
—102.58

65 63 70 184 244 3.24
56 59 59 148 195 221
57 6.2 6.5 194 19.2 1.40
55 65 73 21 171 1.82
50 54 58 145 12.8 0.82
60 6.4 6.9 225 11.6 1.84
46 58 56 160 8.6 0.66
41 65 74 433 18 2.32
50 6.5 6.4 212 5.8 0.91
40 65 7.1 378 5.1 1.99

TAmax = [(A% att A%)/Z]VZ; Vinax = [( V% i V%)/z]vz

*The intraslab earthquake of 28 August 1973 (M,, 7.0, R = 311 km) is not listed because it was not recorded at CU, probably due
to instrumental malfunction. The estimated A,y is 9.3 gal (Singh et al, 2013). Local earthquakes are excluded.
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(a) 16 Ju'ne 2013, Mw5.9 (b) " 16 June 2013, Mw5.9
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A Figure 4. (a) A, versus R plot for 15 June 2013 earthquake.
(b) V. versus R plot. Observed values at CU are marked.
Predicted mean + one standard deviation curves from the GMPEs
of Garcia et al. (2005) are shown by curves.
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Table |
Hypocentral coordinates, moment magnitudes and origin times of the events used in this study
Event ID Date Origin time Latitude (%) Longitude (%) Depth (km) My,
EGF-A200209 2002/09/06 05:04:02 45.64 26.43 105 4.1
EGEA200211 2002/11/03 20-30-23 4574 2686 90 40
IEGF-BI‘)‘)‘}E 108 1999/11/08 19:22:52 45.55 26.35 138 4.6 I
EGF-B19991114 1999/11/14 09:05:59 45.52 26.27 132 46
EGF-B200004 2000/04/06 00:10:39 4575 26.64 143 50
EGF-C200410 2004/10/27 20:34:36 4578 26.73 99 58
TARGET-A 2004/10/27 2(-34-36 45 78 2673 Q9 SR
ITARGET—B 1986/08/30 21:28:37 45.52 26.49 132 7.1 I
TARGET-C 1977/03/04 19:21:54 4577 26.76 94 74

The smaller earthquakes used to generate the synthetics are characterized by the identification code EGF whereas the respective main shock is
referenced to as TARGET. The information shown in this table was gathered from the ROMPLUS=atalogue (Oncescu et al., 1999a).
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# 4.3-2 0th et al.

(2007) IZBWTRERAZ ) — BB S =50

(F#4.1-2 ODFEB)

Table 2

Parameters My/my, fc 1, fc.g, N and C obtained from the spectral ratio

analysis

Event ID % fer Jeg N C o Number of

my (Hz) (Hz) stations

TARGET-A/EGF-A200209 211 1.7 83 5 1.7 12

TARGET-A/EGF-A200211 651 1.6 10.8 7 1.9 10

TARGET-B/EGF- 8144 0.3 40 16 20 5

B19991108
TARGET-B/EGF- 7134 03 49 17 15 5
B19991114
TARGET-B/EGF-B200004 914 0.3 3.1 11 07 4
% 4.3-3 1986 £ D Vrancea B (¥ — 47 v OHIE) OWifg /T X — X
A=y FOMBEOWE T A—4 R E N

E— AT =F 2—RM 7.1 Oth et al. (2007)MDTable 1
HEEE— A b My (N*m) 5.62E+19 Mo[N* m]:10A(1 SMW/+9 1)
S T BE T B Aoi(MPa) 81 Aoi=CAo,. Z ZIZCIXO0thetal. 2007) L V2& L7z,
e S (k) 141.75 S/Zﬂ(7/16*M0,/Ac71)
WrE FSL (km) 11.91 Li=W;=sqrt(S:)
W IR W, (km) 11.91 Li=W;=sqrt(S;)
T SDED, (m) 5.67 D/=Mo/(uS ). 2242 1 1F0th et al. (2007)E07X 10""N/m” &L=,
a—F—{EES ., (Hz) 0.25 \f =B sqrt(7/16/S )« ZZIZBIFOth et al. (2007) k14 5km/s ELT-,
e, A, 30 39, 19, 70 (240, 72, 97) |Global CMTfi&

7% 4.3-4 1999 D Vrancea HiFE (BEFEHE) OWifE /T A —X
BEMEOWIE T A — ¥ S ik
T AT =F 2—F My, 45 M iy = (log10(M os[N * m])-9.1)/1.5
T — A > kMo, (N*m) 6.86E+15 Mo =Mu/(C-N°)
SIS TIBE T B Ao (MPa) 41 Ao, =(T16)[(M o /(Se/m)"]
W RS, (k) 0.55 S, =(116)(B/f )"\ ZTITBITOth et al. (2007)494.5kny/s ELT2,
Wil REL, (km) 0.74 L =W,=sqrt(S)
Wi R, (km) 0.74 Ls=W,=sqrt(S)
T _DED, (m) 0.18 D, =Moo /(uS). Z2UT 1 13 0th et al. (2007) 107X 10" 'N/m’ & LTz,
a—) —RE¥S ., (Hz) 4.0 Oth et al. (2007)DTable 2
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F4.4-112, 4.3 B TR®OT= Target-B #iE
REIEEDFERICER L Trd, £72, #4.4-2
5= (My 4.5) DWrg X<

E 4k D 2 F 7 N HUE O Hh 55 B 5 R AR AT

My 7.1) DWTIE /ST A — 2 ZfRBRE 7Y —

121X, #4.3-1 &% 4.3-4 |27 L 7= EGF-B

A= R LA 7 ) — BBGE ORI R AICEE L TR,

F4.4-1 Target-BHIE DO IE XT XA —H#
Wrlg X7 A —X AL BN & E 1B X E il A
G o i ”
70 0 A v got BHIE O B [ 0 > 345 L 95 6,70
— HRE 26° 28" 55.02”
& W 0 [BE]  |34.3-3EM+180° (W& : dbvufm) 219
AR} ) (] |#4.3-3 19
Wr e b S Hy [km] |Target-BHZE DO EJRME NS H A 130
CEL W [km] [3¢4.3-3 11.91
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i i s [kn'] |S=L X W 1.8
A W u [N/m*] |[Othetal (2007) 7. 00E+10
S i EE B [km/s] |Oth et al. (2007) 4.5
I P [o/cn’] |p=wp’ 3. 46
TSR BH 4 R — — — S Tk
s R — — — [m]Ca PR
TR A R T Vv, (km/s] |V,.=0.728 (Geller, 1976) 3.24
HEE— A b Mo [N-m] [34.3-3 0. 62E+19
S VAN VA= EE My — #4.3-3 7.1
G & D [em] [24.3-3 567.0
SERNS B T & Ac [MPa] |34.3-3 81.0
A Naid 4 IN-m/s?] [4=4rAc (/)" B>
7% 4.4-2 EGF-B HIEE D Wrfg /T A — X
BEHRHEOME ST A —X BREITE

E— AT =F 2—F My, 45 M v, = (log10(M o [N*m])-9.1)/1.5

HEE— AV b Mo, (N"m) 6.86E+15 Mo, =Mu/(C-NY)

SEBIIR T T B Ao, (MPa) 41 Ao, =(716)[(Mo, /(S /m)"]

Wi EfS, (km’) 0.55 S, =(V6)BIf.)s ZIIZBIZOth et al. (2007)494.5knys EL7T2,

Wi KL, (km) 0.74 Ls=W,=sqrt(Ss)

WEBIE W, (km) 0.74 L,=W,=sqrt(S,)

T VD, (m) 0.18 D =M /(uS,)s Z2UTu 13 Oth et al. (20079 7X 10" "N/m L L=,

a—F—iREES ., (Hz) 4.0 Oth et al. (2007)DTable 2
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REREY 2 ) — Bk L LT, Dan et al. (1989) 12 X % 5iE%Z HV 7=, Dan et al. (1989)
IR DRI 7 ) — U BBIEOME A LI TIZ®R D

Dan et al. (1989) IZ X H&EH 7 Y — VBEEIEIL, BIRAXTZ MAVOETLOOE
ST % Brune (1970) D @ 2EFMCKESL HFETH Y . ZOAKRAIL, KHEO WS
RS, E, FHTR0E BIOEDISH (KEBTIISIETE) LEAMEBEOZ
bEDhFELE,

If—i=a, %—b, Z—c’ Z—izd ““““““““““““““““““““““““““““““““““ (4. 4-1)
Lk L

()= 3 %upq(t S (4. 4-2)

p=lg=1
Upg (@)= Fpg (@)tg (@) oo (4.4-3)
2

Fpg (a))zd(\/;;ia;/j/cz)ch [;;Jexp[zgﬂ(rs—rpq)} ““““““““““““ (4. 4-4)

0, = 2|75 Moy = LV Dy oo (4. 4-5)
tRzhd, 22T,

l D KHMBIZET & TH D Z & E2RTIRT

s D ERHBICET AR THDL Z L ERTIRT

P4 D KRMED (p,q) FHOEZMBICHAT2ETH D Z L 2T IRT

L g & &

w o W )E e

D VTN &

o D ERIST)

u(t) o HIEEE)

- RS 35 & OME B4 1 3 5 B T

w(w)  u() DT —Y TIH

Fp(w) : AT—=nNT7577%—

J D BT
r D RAEE
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g BEEO R

Thd, ZOHEAE, RKMELEZRHMEOMEET— X FOLERIT,

Mo, = LDy ZUADC oo (4. 4-6)
MOS LSWSDS
LD,

AT =T 7 I H = Fy (o) 1, HREEH EOHEAZ BT H L, oo/ EnEEB X

Ot REVEE, TNTNTDOLIICRD,

Fyq (@)=¢ (@ 0) oo, (4. 4-7)
Fpy (@) =d (O 90) oo (4. 4-8)

Thbb, oNtH/hEnEE, RMEOVY TR & EEFMBOVHT Y &L
DEERcERY o RENVE S, RKHEOFENISS) &L ERHBEOERLZIE S & DR

d b,
F7m. 4 4-2)RIT X DM 7 A ERIL,. B U BB EOHZ BET 5 &
M =abc (a) - O) ““““““““““““““““““““““““““““““““““““““““““““““““““““ (4. 4-9)
Us (a))
() =\ah d (@ =5 00) oo (4. 4-10)
Usg (a))

%, T2, MERBBEBICK T DREITT X LTERD L EBEE LI, B
FRIL, o +n/hane &, RHMEOMEE— AL M EBEEHBEOMBEE— XA F &
DRERY o+ REVWE S, KRHEOWEY A XX ENIET) & ZHEME O W E
YA RXXEGIS S EDWFE LD,

I, AR (1986) 12 L 2MRBREY 7 U — U BBIETIL, RHUE &L EEMBE OIS IR T &
Dbz cE L, mREEE N ELTBY, ZOLETMEE—A 2 MOIX ON?, EE#ML

LD CN &2 D D T,
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CN =ALGBA oo, (4.4-12)

DR ® 5,

X 4. 4-3 |ZI1L CFRICIB T D NS By OFFRF R 2R, £/, M 4.4-4 LK 4.4-5 213 %
NEFEW sy & UD iy DRFREER 2R T, H#XE S (a) [ ZMHEERIE T, LA 5 EGF-B
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