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R AL WES | BIA | #HEK | RS | HEK| BE | B | BE | Bk | BE | B | B
MwS5.0KH 8 11.3% 26 56.5% 0 0.0% 2 7.4% 0 0.0% 4 50.0%
Mw5.04_E~Mw6.0K 75 44 62.0% 12 26.1% 0 0.0% 9 33.3% 0 0.0% 2 25.0%
Mw6.0A_E~Mw7.0K 75 16 22.5% 7 15.2% 3 100% 8 29.6% 0 0.0% 0 0.0%
Mw7.04_E~Mw8.0K 7% 2 2.8% 1 2.2% 0 0.0% 7 25.9% 1 100% 2 25.0%
MwS8.0LL I 1 1.4% 0 0.0% 0 0.0% 1 3.7% 0 0.0% 0 0.0%
aEt 71 100% 46 100% 3 100% 27 100% 1 100% 8 100%

#3.1.1.3-4 XEHABESSOWET L — FNEBOHI Lo R~/ =F 2 —F—&

T A biicy
e 4 % 2 IR hvs=|E—Av b
Fa—FK (7 3C) PN 4
£ 3k
i % IS Mo
FAA EE i3 & My N
IN] [E] [km] (Nm)
2.6E+21
K3 [P N (KK) B
(N.EJAPAN) bl BT MR | 1994/10/4 435 147.4 56.0 8.2 305421 FEAS + fth(2006)
(H)
Japan
74U A . .
- - .
(S.WJAPAN) -3 SIWEE ) 1855/11/11 35.7 140.1 65.0 7.1 5.62.E+19 14 J¥E (2016b)
Cascadia Olympia 1949/4/13 472 1226 60.0 6.8 191.E+19 | TVaRa (;g‘i gsa""
Joel D. Cruz-
Central America Chiapas 2017/9/7 14.9 -64.1 58.0 8.2 * Arguelles et al.
(2020)
Oversea
Central Chile Tarapaca 2005/6/13 | -20.0 69.2 108.0 7.7 392420 | VAR ég‘li 1/? sano
Romania Vrancea 1977/3/4 45.8 26.8 94.0 7.4 1.58.E+20 Oth et al .(2007)
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4) BEOMEOEIRFEICET A - o0

O Ui

FE N T 7 B REREIEIC/NT T, 724V E S L — I R a2—F 37 L — D F~
B 3~T B FOEGTURAIAALTND, MifENT7 7 TlE, TOWHRARIT S TERES
NIZOTHEIRT D720, M8 7 T AOVEHERE RHIEH K 100~200 4 0 [E]fFE Tk v K
LAEALTWD, LA LRAS, 1944 FEFIHEEHE (M) 7.9) <° 1946 4 0FF0FE Vi H =
(M; 8.0) NEALTHLHT0OEESEKBLTNDICL2 b LT, Ml b7 7 TIIM8 7
T A DOWFHER B RHEITHAE L Ty, HEARE (2013) TIE4 % 30 FLLAIC 70~80%
DIEFIZEH VR THFERNE RMER R AT LN PHINATEY ., Ml 7 7 THRAE
T 5 HEOBRIFFEOHENRBEORE L > TS,

2011 AF AL 7 RSEPETRHIEE  (Mw 9.0) Z 5 D | L AE R CTH AR U 7o ViEiiE Rl B K iR oD it
BENT —ZIZESWT, ZOBFRGBBIRLICHLNIR > T (Bl 2 IX, Layetal,2012;
Yao et al., 2013), 7272 L. Sl L2 K D ICFME N 7 7012360 T, 1944 45 I8 i 3 1 1

R 1946 MR R IR 2N A L T B BUIEICE DK 70 I M 8 7 7 2 DWEME X
HEIIREL TELT, KFTOMEH T — X OEHEITIZT LA TR TRy, —F, FT
74 VBT L — hOBRERER (X3.1.1.4-1) (T, M6 7 7 ALL EOEHER HE
FELTWD, 207D, 74 VBT L — N CTHRAT D HEOBRER OB EAE IS
THT—AERME BN E LT, IEHE, BB OBREREIE T TRA L 72 iR R 2 k5

(A Y 72 R B EEAR 24T o 72,
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@ RBEMEOTF V=TT F=2 R

TR, BBMMEO T V= T 7 P =7 ZOBME AW (1994) (2o T T %, A
BIIRE LT THEMNGIEIC, #EEFEE (Coastal Plain), PEEBILEEHF (Western Foot Hills),
e [ fk (Central Range). /5 LK (Coastal Range) IZX/y s (K3.1.14245F), &
BIIKETL—h (22— 7) O LEIZO->TEY, BETL— b EIZIEAMEL TR,
Bi ek (Ryukyu Trench) I TiX~” « U ¥ # 7 L — I (Philippine Sea Plate) 7% kK[~ L
— DO TFIZ, =7 % (Manila Trench) il TIIKETL—FR 740 VBT L —FOTF

AR TS (¥ 3.1.1.4-2), X3.1.1.4-3 TRIT KL DICKET L— NI, FEIZH LT
A I B oL il (Luzon Trough) & 22 LT, ALK (ALMIOFE#E R~ O A
FILE TORFILR 150km DIIRK) & Z DD T 4V &7 L — kO F~~ underthrust L T
W5, &S 3000~4000m O R LIRIZ, Z OEZEIZAE S underthrusting (2 X > THEHIT 5
AT L 7o REM—REHE Y TH 5,

B 3.1.1.4-4 ICHEAMETRAELZHEORER X 3.1.1.4-5 (21X 3.1.1.4-4 1D A-A'\B-B',
C-C'. D-D'. E-E'Zin > 72 BIROK M 2R3, AEAMAETIE, AERE L0 b2 O RFEMN
DWFE T TEHL OHBENEE TWDEZ ENbND, AAAOKIH KNG, FRERIEENS 7 1V
BT L — R 250 km I ZEDIRE X TURAIAA TN D ZENDNLHH . B-B'OWH X 7
Bk, BRERVEHE S M A ISR T A EICB N TH 7 4 VBl L — PR S 300 km F
TIEAIAA T D ENHERTE S, —F, B-EWm» oL, ~=JWENOE YTl (=—
ZY7 7 L—R) BHEE 200km F TULAIAATWD, D-D'EE N HOID LT, K (=
—7 V7)) T —= hOLHBARITE BIZIE~HNTEY . ZOWiE TIEIR S 150km £ Tk
FIABPBERTE S, ok, BB O C-CWiE TR (=—7v7) L — bDikAia
FIIT-E D Lgwy,

PLED WS (1994) ICX2B8EMHEOT LV — T 27 h=7 Z2DMETHDL, B,
3.1.1.4-6 [ZWEEF (1994) IC X274 VBT L — FOBERIIEB T L7 L— MEE LR
LTWa, ZORIE, 7 L— FMEEZEEMNTTIEAR 74 cm/yr THD—F. HARDM
Wb 7METIE, 2nB/hES< 0 d4em/yr 72> TEY, WU L— MERTHHHEX
TU— NRENRRLR DL LERBLTND,

3.1.1-60



PHILIPPINE

o PLATE

N (GNP

Fig. 1. Tectonic elements in the vicinity of Taiwan (modified from Barrier and ANGELIER, 1986). The
white arrow indicates the relative plate motion [Seno, 1977] The inset right bottom shows the
major structural elements of Taiwan [Ho, 1975]. 1: Pleistocene deposits of the Coastal Plain, 2:
Miocene-Pleistocene sediments of the Western Foothills, 3 and 4: sub-metamorphic and metamor-
phic belts of the Central Range, 5: Quaternary deposits of the Longitudinal Valley, 6: Late Cenozoic
deposits of the Coastal Range, 7: undifferentiated Miocene-Pliocene—Pleistocene volcanics. Solid
triangles are historically active volcanoes [Haves and Tayvror, 1978). IP: llan Plain, HL: Hualien,
LV: Longitudinal Valley.

3.1.14-2 BEMEOF LV — T2 h=27 2O
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Fig. 6. Schematic illustration of the plate geom-
etrv of the Taiwan region (after ANGELIER,
1986). The Philippine Sea plate is subduct-
ing beneath the western end of the
Ryukyu Trench, and the Luzon arc is ob-
ducted above the continental margin of the
Eurasian plate. The Central Range is com-
posed of the accretionary material scraped
off due to collision.

X 3.1.1.4-3 BECBIFL2 740V WL —FEKRE (=—Fv7) 7L — bOE%

118" 120° 121" 122" 123° 124° 125° 126° 127°E
I

1 L) I T 1 1 1 1

() WODELED EQ -
ayel| © b E40km i . . 27°N
"40 < h £ 80 .

Q8D < h = 160
28° O b o> 180 km ( " - 28°

25° 25°
24° 24°
23° 23°
22° 22°
21° 21°
20° 20°

19° 19®

1 I 1 ' l"‘u: a4 L 1 1 L L
119° 120* 121° 122* 123° 124" 125" 126" 127"
Fig. 4. Seismic activities around Taiwan [Pez-
zorPANE and WesNousky, 1989, my, =3, 1960~
1986 Julv, PDE]. Large circles with a dot
at the center are the earthquakes of which
mechanism solutions are shown in Fig, 9.

X 3.1.1.4-4 BEFITTIHELZHME (1960 F~1986 & ; mb>=3) DER/AA
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Fig. 5, Cross-sections of the seismic activity along the rectangle areas shown in Fig. 4 [Pezzorane and
Wesnousky, 1989] Large circles denote the my, =6 earthquakes for which mechanism solutions are
obtained; T-axes are shown for intermediate carthquakes.
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1 AN
120° 140° 160°

Fig. 3. Relative plate wvelocities around the
boundaries of the Philippine Sea and Caro-
line plates [Sewo et al, 1993] WNorthern
Japan is assumed to be the North American
plate. NA: North American plate, EU: Eura-
sian plate, PA: Pacific plate, PH: Philippine
Sea plate, CR: Caroline plate. The velocity
at central Taiwan is 74 mm/yr, N50.3°W.
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@ 201544 H 20 HOHE (Mw6.4) OE

3.1.1.4-7 128 T K912, 20154 4 H 20 H 9 FE 42 4y (BB FEHERS) | BRERVENE (T 0 %
S 30km ZEP L T D Mw 6.4 DHIGE (LA, Taiwan0420 HIE & FES) AFEA L, 20
HEEME TN ORE (22— 7) 7V — MO FIZKRAZDL 7 0 VT L — FOER
THA LT Wil R A O YEIE R HER Tdh D B R 5K 80 km (TN & 372 Yilan IR TIXEE 4,
%72, Hualien i CIIEE 3 NI SN D —F. £ 150 km BdL7- Taipei i CHEE 4 234
HE, TNONIKREEHEE NI EZZ T TW5D (K 3.1.1.4-8, https://scweb.cwb.gov.tw/en-
us/earthquake/imgs/ee2015042009425664022) , 7235, B D EEMEHITH A L IZIEFR L TH D
(https://www.buzzfeed.com/jp/kensukeseya/taiwan-earthquake-1),

ZOMEBETHMEINT-BE T RKEE (CWB: Central Weather Bureau) (2 & % CWBSN

(Central Weather Bureau Seismic Network) @ I 3 FE ¥ B it & 1T v = 7 ¥ A4 |
(https://scweb.cwb.gov.tw/en-us/earthquake/waveformvel/ee2015042009425664022) T/ B = U
TWb, 2504, [K3.1.1.4-9 {2 CWBSN OB 54546 % 773 (Shin et al., 2013), 723,
Taiwan0420 H15E O BB FE Z 28 L TV 5 Lee (2015) BEO P> TV L EEOMERT —
X, WX oA = —F GRXXH D Fig. 2 @ TAP,CHK, WHF 7¢ £) 72°5, Z @ CWBSN
DTF—=H2LBZEZHND, K3.1.1.4-10 (IZEE 3 DL EA2BIHI L 72 CWBSN M o4 (8L A
UAR:#£3.1.14-1), K3.1.14-11 ITZ DOMMEERZF 23, 2, AHETHRENO
LS D F-net B (YNG) THEM SN TS (1% 3.1.1.4-12), X 3.1.1.4-13 I YNG ]

S (OKNYNG) O3 i 4 % v 9,
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123
26 CWB EARTHQUAKE REPORT
Earthemake No.: 104022
Orrigin tirne (Taiwan Standard Time: GMT+08:00):
40015 942:56.1
25 Location: 24.02M, 122.44E
i.e. 3.6 ko E of Hualien County

Depth : 306 km
Magnitode(ML): 6.4
24 Lol Largest Infensity :
Yilan Cowaty 4 Central Keelung Cityr 2
Central ¥ilan Counte 4 HNew Taiped City 2
Central New Taipei City 4 Hainchn Connty 4
Hualien Countyr 3 Miaoli County 1
Central Hualien County 3 Mew Taipei City 2
23 Nanton County 3 Central Heinchu County 2
Taitmng Conntr 3 Chisor Comity 4
Taipei Citw 3 Central Miaoh County 2
Central Taipei City 3 Central Taichung City 2
Central Taovuan City 3 Central Nantou Coonty - 2
2o Central Heinchn City 3 Central Chiapd Cityr 2
Changhua Comty 3 Eaohsimng Citr 2
Central Changhua Cowntv®  Tatnan Cibr 2
Tadchnng Citr 3 Central Tadtng Countr 1
Funlin Comtyr 3 Pinghing Connty 1

Central ¥Vonlin County 3 Central Pingtong Cownty 1

3.1.1.4-8 Taiwan0420 Hi5E O & B 4y fii

118  120° 121° 122° 123°

25°

24°

23°

220 i

3.1.1.4-9 CWBSN D@L 55345 (Shin et al., 2013)
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#3.1.14-1 BHKY 2 GEE3LE)

CWBNSN station Code S| |Latitude(®) |Longitude(®)
New Taipei City BAC 4 25.00 121.44
Chenggong, Taitung County CHK 3 23.10 121.37
Changbin, Taitung County ECB 3 23.32 121.45
Guangfu, Hualien County EGF 3 23.68 121.48
Guishandao, Yilan County EGS 3 24.84 121.94
Heping, Hualien County EHP 3 24.31 121.75
Nan-ao, Yilan County ENA 4 24.43 121.75
Niudou, Yilan County ENT 3 24.64 121.57
Shoufeng, Hualien County ESF 3 23.87 121.51
Tailuge, Hualien County ETL 3 24.16 121.62
Tongmen, Hualien County ETM 3 23.97 121.49
Yanliao, Hualien County EYL 3 23.90 121.60
Hsinchu City HSN1 3 24.78 121.02
Hualien City, Hualien County HWA 3 23.98 121.61
Yilan City, Yilan County ILA 4 24.76 121.76
Zhongli, Taoyuan City NCU 3 24.97 121.19
Xindian, New Taipei City NHD 3 24.90 121.55
Xinyi District, Taipei City NHY 3 25.04 121.57
Luodong, Yilan County NLD 4 24.67 121.77
Nanshan, Yilan County NNS 3 24.44 121.38
Pinglin, New Taipei City NPL 3 24.94 121.71
Taoyuan City NTY 3 25.00 121.31
Wufenshan, New Taipei City NWF 3 25.07 121.78
Sun Moon Lake, Nantou County SML 3 23.88 120.91
Taipei City TAP 3 25.04 121.51
Zhinan Temple, Taipei City TWA 3 24.98 121.59
Su-ao, Yilan County TWC 3 24.61 121.86
Neicheng, Yilan County TWE 3 24.72 121.68
Wugu, New Taipei City TWS1 3 25.10 121.42
Changhua City, Changhua County |WCH 3 24.08 120.56
Dadu, Taichung City WDD 3 24.13 120.56
Douliu City, Yunlin County WDL 3 23.72 120.54
Gukeng, Yunlin County WGK 3 23.68 120.57
Hehuanshan, Nantou County WHF 3 24.14 121.27
Sihu, Yunlin County WSF 3 23.64 120.23
Yuanlin, Changhua County  [WYL 3 23.96 120.58
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acceleration

acceleration

New Taipei City ( BAC ) Intensity : 4
Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 25.00°N, 121.44°E
Depth : 30.6km , Magnitude : 6.4 Distance : 148.05 km, Azimuth : 136.85°

157 Z Max

101 14,55 gal
5_

1 NS Max
10 19.26 gal

1 EW Max
201 2752 gal

0 10 20 30 40 5 6 70 80 9 100 110
second Central Weather Bureau

3.1.1.4-11 Taiwan0420 H1 5= o &1 I0# £ 3% JE (BAC)
Chenggong ( CHK ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:563
Location : 24.02°N, 122.44°E Location : 23.10°N, 121.37°E

Depth : 30.6km , Magnitude : 6.4 Distance : 149.59 km, Azimuth - 46.8°
41 zMax
24 3.35 gal

0

2

_4-
107 NS Max
54 9.27 gal

EW Max
54 9.69 gal

0 10 20 30 40 5 6 70 80 9 100 110
second Central Weather Bureau

3.1.1.4-11 Taiwan0420 #1535 o> #1703 £ 3% 2 (CHK)
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acceleration

acceleration

Changbin ( ECB ) Intensity : 3

Station Information (GMT+08)

Trace Start Time : 2015/04/20 09:42:53
Location : 23.32°N, 121.45°E

Distance : 127.7 km, Azimuth : 52.24°

Earthquake Information (GMT+08)
Origin Time : 2015/04/20 09:42:56
Location : 24.02°N, 122.44°E
Depth : 30.6km , Magnitude : 6.4

41 Z Max
24 3.95 gal

0
-2

4-
197 NS Max
54 7.06 gal

54

104
107 ew Max
54 9.63 gal

0 0 20 30 4 5 6 70 8 9 100 110

second Central Weather Bureau

3.1.1.4-11 Taiwan0420 H15E o &1L 0% £ % 72 (ECB)

Guangfu ( EGF ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 23.68°N, 121.48°E

Depth : 30.6km , Magnitude : 6.4 Distance : 104.55 km, Azimuth : 69.03°
61 Z Max
41 4.43 gal
2_
0
-2
-4
_6..
61 NS Max
41 5.68 gal
2-
0
2
-4
8.
107 Ew Max
54 8.79 gal

=10 T T T T r T T T T T r
0 10 20 30 40 50 60 70 80 90 100 110

~ pom | 1A/

second Central Weather B

3.1.1.4-11 Taiwan0420 #0158 o 81 H0 3 5 3 72 (EGF)
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acceleration

acceleration

Guishandao ( EGS ) Intensity : 3
Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.84°N, 121.94°E

Depth : 30.6km , Magnitude : 6.4 Distance : 103.85 km, Azimuth : 150.95°
6 -

Z Max
41 4.31 gal

1 NS Max
54 7.36 gal

107 ew Max

54 9.93 gal

0 10 20 30 40 5 6 70 80 9 100 110

second Central Weather Bureau

X 3.1.1.4-11 Taiwan0420 #1381 03 2 3% 2 (EGS)
Heping ( EHP ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.31°N, 121.75°E

Depth : 30.6km , Magnitude : 6.4 Distance : 77.08 km, Azimuth : 114.19°

157 7 Max
101 1358 gal

u

1 NS Max
201 23.45 gal

1 EW Max
201 22.97 gal

0 10 20 30 40 5 6 70 80 9 100 110

second Central Weather Bureau

X 3.1.1.4-11 Taiwan0420 HhzE o #1300 FE % 72 (EHP)

3.1.1-72



acceleration

acceleration

Nan-ao ( ENA) Intensity : 4

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.43°N, 121.75°E

Depth : 30.6km , Magnitude : 6.4 Distance : 83.29 km, Azimuth : 122.45°

AR Z Max
101 10,71 gal

0 o w.trj._n Ay

1 NS Max
201 24.41 gal

201
304
407 Ew Max
204 31.94 gal

201

40

0 10 20 30 40 5 60 70 80 9 100 110
second ntral Weaathar Bii

O

3.1.1.4-11 Taiwan0420 H15= o &1 #0035 £ 3 TE (ENA)

Niudou ( ENT ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.64°N, 121.57°E

Depth : 30.6km , Magnitude : 6.4 Distance - 111.29 km, Azimuth : 127.74°

Z Max
41 455 gal

1 NS Max
101 11.72 gal

1 EW Max
104 15.19 gal

0 10 20 30 40 5 6 70 80 9 100 110
second Central Weather Bureau

3.1.1.4-11 Taiwan0420 Hi 7= o 81053 B 3 2 (ENT)

3.1.1-73



acceleration

acceleration

Shoufeng ( ESF ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 23.87°N, 121.51°E

Depth : 30.6km , Magnitude : 6.4 Distance : 96.51 km, Azimuth : 79.98°
s.

4

1 EW Max

Z Max
4.49 gal

1 NS Max

11.49 gal

8.20 gal

10 20 30 40 5 60 70 80 9 100 110
second ntral Weaathar Bii

O

X 3.1.1.4-11 Taiwan0420 #1752 o &1 03 B 3% 7 (ESF)

Tailuge ( ETL ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.16°N, 121.62°E

Depth : 30.6km , Magnitude : 6.4 Distance : 84.52 km, Azimuth : 100.26°

4
2
0

2

4
201

104

Z Max
3.71 gal

NS Max
16.93 gal

1 EW Max

10.11 gal

10 20 30 40 5 6 70 80 9 100 110
second Central Weather Bureau

X 3.1.1.4-11 Taiwan0420 Hh 7 o> &L 003 £ 3% 2 (ETL)

3.1.1-74



acceleration

acceleration

Tongmen ( ETM) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 23.97°N, 121.49°E

Depth : 30.6km , Magnitude : 6.4 Distance : 96.68 km, Azimuth : 86.27°

104

5

1 EW Max

Z Max
8.61 gal

1 NS Max

11.37 gal

ok AL
T/ L

8.49 gal

10 20 30 40 5 60 70 80 9 100 110
second Central V Veather Bureau

3.1.1.4-11 Taiwan0420 H17= o 81|03 3 2 (ETM)

Yanliao ( EYL ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 23.90°N, 121.60°E

Depth : 30.6km , Magnitude : 6.4 Distance : 86.39 km, Azimuth : 81.25°

6
4
2
0
24
4
£-
104
54

04

Z Max
5.62 gal

NS Max
9.03 gal

1 EW Max

11.90 gal

10 20 30 40 5 6 70 80 9 100 110
second Central Weather Bureau

3.1.1.4-11 Taiwan0420 H 7= O 8 0&E £ 3 2 (EYL)

3.1.1-75



Hsinchu City ( HSN1 ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53

acceleration

acceleration

Location : 24.02°N, 122.44°E
Depth : 30.6km , Magnitude : 6.4
G -

4
2-

Z Max
5.14 gal

0
21
-

ry
104

NS Max
7.72 gal

EW Max
8.14 gal

Location : 24.78°N, 121.02°E
Distance : 166.84 km, Azimuth : 120.13°

Earthquake Information (GMT+08)
Origin Time : 2015/04/20 09:42:56

10 20 30 40

50

60
second

70

80

9 100 110

Central Weather Bureau

3.1.1.4-11  Taiwan0420 H15= o #1308 B 3% 72 (HSN1)
Hualien City ( HWA ) Intensity : 3

Station Information (GMT+08)
Trace Start Time : 2015/04/20 09:42:53

Location : 24.02°N, 122.44°E
Depth : 30.6km , Magnitude : 6.4

6
4
2
0
24
4
£-
101

54

54

Z Max
5.98 gal

NS Max
9.87 gal

1 EW Max

8.85 gal

Location : 23.98°N, 121.61°E
Distance : 84.35 km, Azimuth : 86.45°

10 20 30 40

50

60
second

70

80

90 100 110
Central Weather Bureau

3.1.1.4-11  Taiwan0420 Hh = o> %1100 5E L 3 72 (HWA)

3.1.1-76



acceleration

acceleration

Yilan City (ILA) Intensity : 4

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.76°N, 121.76°E

Depth : 30.6km , Magnitude : 6.4 Distance : 107.53 km, Azimuth : 139.77°

157 7 Max
101 10,05 gal

1 NS Max
201 2907 gal

304
307 Ew Max
201 2506 gal

0 10 20 30 40 5 60 70 80 9 100 110
second Central Weather Bureau

3.1.1.4-11  Taiwan0420 H1 5= o &1 05 B 3% 72 (ILA)

Zhongli ( NCU ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.97°N, 121.19°E
Depth : 30.6km , Magnitude : 6.4 Distance : 164.06 km, Azimuth - 129.64°
61 zMax
41 5.92 gal
24
0
_2..
_4.
_6-
107 NS Max
54 9.15 gal
0 syl
_54
-10-
107 Ew Max
54 8.20 gal
0 Wi
54
=10 T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 920 100 110
second Central Weather Bureau

3.1.1.4-11  Taiwan0420 Hi 7= o &L 3H B 3 7 (NCU)

3.1.1-77



acceleration

acceleration

Xindian ( NHD ) Intensity : 3
Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.90°N, 121.55°E
Depth : 30.6km , Magnitude : 6.4 Distance : 132.66 km, Azimuth : 137.28°
31 z Max
21 2.87 gal

NS Max
5.86 gal

EW Max
54 9.45 gal

0 10 20 30 40 5 60 70 80 9 100 110
second -ent Weather Bur

3.1.1.4-11 Taiwan0420 #17E o 81110 # £ 3% 72 (NHD)

Xinyi District ( NHY ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53

Location : 24.02°N, 122.44°E Location : 25.04°N, 121.57°E

Depth : 30.6km , Magnitude : 6.4 Distance : 143.28 km, Azimuth : 141.94°
15 -

Z Max

107 10.29 gal

5_

0
5_
-10 1
-15-
207 NS Max
10{ 18.54 gal

1 EW Max
207 20.10 gal

=10
20 1

=30 T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110

second

3.1.1.4-11  Taiwan0420 Hu 7= o #1000 53E B 3% 72 (NHY)

3.1.1-78



acceleration

acceleration

Luodong ( NLD) Intensity : 4

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.67°N, 121.77°E

Depth : 30.6km , Magnitude : 6.4 Distance : 98.97 km, Azimuth : 136.76°
157 Z max

101 11,37 gal

1 NS Max
40 43.55 gal

EW Max
204 30.75 gal

0 10 20 30 40 5 60 70 80 9 100 110

second Central Weather Bureau
3.1.1.4-11 Taiwan0420 H1 5% o #1305 B 3% 7 (NLD)

Nanshan ( NNS ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.44°N, 121.38°E
Depth : 30.6km , Magnitude : 6.4 Distance : 117.03 km, Azimuth - 113.14°
e_

Z Max

41 4.31 gal
2«

0
.2..
4
.s.

57 Ns Max

101 11,55 gal
5«

0 A i g
54
-10-
-15-
57 Ew Max

1:' 13.40 gal

0 Bt "
_5 -
=10
-15

0 10 20 30 40 5 6 70 80 9 100 110
second Central Weather Bureau

3.1.1.4-11  Taiwan0420 HuzE o #1770 00 5E B 3% 72 (NNS)

3.1.1-79



acceleration

acceleration

Pinglin ( NPL ) Intensity : 3
Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.94°N, 121.71°E
Depth : 30.6km , Magnitude : 6.4 Distance : 125.5 km, Azimuth : 143.94°
41 zMax
24 3.47 gal

0

-2

4
107 Ns Max
54 7.78 gal

EW Max
54 8.91 gal

0 10 20 30 40 5 6 70 80 9 100 110

second Central Weather Bureau
X 3.1.1.4-11 Taiwan0420 #1730 81103 & 3% 2 (NPL)
Taoyuan City ( NTY ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:563
Location : 24.02°N, 122.44°E Location : 25.00°N, 121.31°E

Depth : 30.6km , Magnitude : 6.4 Distance : 157.77 km, Azimuth : 133.23°

41 Zmax
24 3.89 gal

0 i |‘ 1 il 1 I:-. I il
-2 1 .

_4-
107 NS Max
51 8.02 gal

1 EW Max
101 12.20 gal

0 10 20 30 40 5 6 70 80 9 100 110
second Central Weather Bureau

X 3.1.1.4-11 Taiwan0420 Hh7E o> L1003 FE 3% 2 (NTY)

3.1.1-80



acceleration

acceleration

Wufenshan ( NWF ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 25.07°N, 121.78°E

Depth : 30.6km , Magnitude : 6.4 Distance : 134.11 km, Azimuth : 150.08°
6 -

Z Max
41 4.43 gal

] NS Max
101 1454 gal

1571 Ew Max

107 14.30 gal

0 10 20 30 40 5 60 70 80 9 100 110

second Central Weather Bureau
(4 3.1.1.4-11 Taiwan0420 H15= o &1 I03# B % B (NWF)
Sun Moon Lake ( SML ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 23.88°N, 120.91°E
Depth : 30.6km , Magnitude : 6.4 Distance : 156.78 km, Azimuth - 84.29°
31 zZmax
21 2.39 gal
14
0
_1 .
2
3-
107 NS Max
54 6.34 gal
0 o
_54
-10-
107 Ew Max
54 8.49 gal
0
54
=10 T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 920 100 110
second Central Weather Bureau

X 3.1.1.4-11 Taiwan0420 Hi 55 o> &L IN3E B 3 2 (SML)

3.1.1-81



acceleration

acceleration

Taipei City ( TAP ) Intensity : 3
Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 25.04°N, 121.51°E
Depth : 30.6km , Magnitude : 6.4 Distance : 146.49 km, Azimuth : 140.12°
107 z Max
54 6.46 gal

1 NS Max
104 16.69 gal

0 g

207 Ew Max
10 19.56 gal

o Ao et
Ll ol |

0 10 20 30 40 5 60 70 80 9 100 110
second Central Weather Bureau

3.1.1.4-11 Taiwan0420 H15E o> &1 0 5 £ T2 (TAP)
Zhinan Temple ( TWA) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.98°N, 121.59°E
Depth : 30.6km , Magnitude : 6.4 Distance : 136.38 km, Azimuth - 140.89°
10
Z Max
54 6.82 gal
0 Ol
_54
<104
107 NS Max
51 9.33 gal
0 S
_54
-10-
81 EW Max
101 12.26 gal
54
0 e
_5 -
=10
-15 T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 920 100 110
second Central Weather Bureau

3.1.1.4-11 Taiwan0420 HhzE o #1000 55 B 7 (TWA)

3.1.1-82



acceleration

Su-ao ( TWC) Intensity : 3

Earthquake Information (GMT+08)
Origin Time : 2015/04/20 09:42:56
Location : 24.02°N, 122.44°E
Depth : 30.6km , Magnitude : 6.4
107 7 Max

54 9.21 gal

1 NS Max
15.61 gal

57 Ew Max
107 14.30 gal

Station Information (GMT+08)

Trace Start Time : 2015/04/20 09:42:53
Location : 24.61°N, 121.86°E

Distance : 87.71 km, Azimuth : 137.71°

0 10 20 30 40

5 60 70 80 90
second Central Weather Bureau

acceleration

B4 3.1.1.4-11 Taiwan0420 H15= o &1 I03# % B (TWC)

Neicheng ( TWE ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:563
Location : 24.02°N, 122.44°E Location : 24.72°N, 121.68°E

Depth : 30.6km , Magnitude : 6.4 Distance : 108.89 km, Azimuth : 135.06°

1 Z Max
41 4.13 gal

1 NS Max
54 8.49 gal

1 EW Max
24.41 gal

0 10 20 30 40 5 6 70 80 9 100 110
second Central Weather Bureau
X 3.1.1.4-11 Taiwan0420 HhzE o #1000 55 B % 72 (TWE)

3.1.1-83



acceleration

acceleration

Wugu ( TWS1) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 25.10°N, 121.42°E
Depth : 30.6km , Magnitude : 6.4 Distance : 157.85 km, Azimuth : 139.22°
104
Z Max
54 6.88 gal
0
_5-
-10-
%7 Ns Max
101 10.35 gal
5-
0 Ay
_5-
10
-15-
107 Ew Max
54 6.70 gal
0
,54
'10 T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 20 100 110
second Central Weather Bureau

3.1.1.4-11  Taiwan0420 1 5= o> & )0k £ % 2 (TWS1)

Changhua City ( WCH ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)

Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.08°N, 120.56°E

Depth : 30.6km , Magnitude : 6.4 Distance : 191.73 km, Azimuth - 91.97°

41 zMax
24 3.65 gal

| | 1IN
0 it b L | |1’- |
-2 1 I

_4-
107 NS Max
54 7.60 gal

1 EW Max
54 8.67 gal

0 10 20 30 40 5 6 70 80 9 100 110
second Central Weather Bureau

3.1.1.4-11  Taiwan0420 Hu7zE o #1300 3£ B % 7 (WCH)

3.1.1-84



acceleration

acceleration

Dadu (WDD ) Intensity : 3

Earthquake Information (GMT+08)
Origin Time : 2015/04/20 09:42:56
Location : 24.02°N, 122.44°E
Depth : 30.6km , Magnitude : 6.4
4

Station Information (GMT+08)

Trace Start Time : 2015/04/20 09:42:53
Location : 24.13°N, 120.56°E

Distance : 191.99 km, Azimuth : 93.72°

Z Max
24 3.563 gal
| | |
0 I lI "
2
4
197 Ns Max
54 9.33 gal
0 I
6 ol
-10-
107 Ew Max
54 8.43 gal
0 2
,5«
-10 T T T T T T - - . -
0 10 20 40 50 60 70 80 90 100 110

Earthquake Information (GMT+08)
Origin Time : 2015/04/20 09:42:56
Location : 24.02°N, 122.44°E
Depth : 30.6km , Magnitude : 6.4

3.1.1.4-11

second Central Weather Bureau

Taiwan0420 Hi 5= o &) 13 3 2 (WDD)

Douliu City (WDL ) Intensity : 3

Station Information (GMT+08)

Trace Start Time : 2015/04/20 09:42:563
Location : 23.72°N, 120.54°E

Distance : 196.72 km, Azimuth - 80.04°

41 zmax

24 3.7 gal

0

2

_4-

107 NS Max

51 9.75 gal

0

5

-10-

197 Ew Max

54 7.24 gal

0 PR

_5.

-10 T T T T T T T T T 1
0 10 20 40 50 60 70 80 90 100 110

3.1.1.4-11

second Central Weather Bureau
Taiwan0420 #1535 o 81 705 £ % 72 (WDL)

3.1.1-85



acceleration

acceleration

Gukeng ( WGK ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 23.68°N, 120.57°E
Depth : 30.6km , Magnitude : 6.4 Distance : 194.18 km, Azimuth : 78.89°
31 z Max
21 2.63 gal
1 -
0 /)
14
24
_3_
197 Ns Max
54 9.33 gal
0
6 -
-10-
57 Ew Max
107 10.47 gal
5 -
0
5 -
=10 1
'15 T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 20 100 110
second Central Weather Bureau
3.1.1.4-11 Taiwan0420 H15E o &1 05 £ 3 B (WGK)
Hehuanshan ( WHF ) Intensity : 3
Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 24.14°N, 121.27°E
Depth : 30.6km , Magnitude : 6.4 Distance : 119.56 km, Azimuth - 96.44°
107 Z Max
54 6.70 gal
0 s
_54
10
107 Ns Max
54 8.20 gal
0
_54
-10-
51 Ew Max
101 13.16 gal
54
0
_5 -
=10
-15 T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 920 100 110

second Central Weather Bureau

3.1.1.4-11  Taiwan0420 Hu 7= o> @81 30 03K B 3 7 (WHF)

3.1.1-86



acceleration

acceleration

Sihu (WSF ) Intensity : 3

Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 23.64°N, 120.23°E
Depth : 30.6km , Magnitude : 6.4 Distance : 229.28 km, Azimuth : 79.25°
41 zMax
24 3.17 gal
0
2
-4
107 Ns Max
54 7.54 gal
o Lats
6 -
-10-
57 Ew Max
101 14.72 gal
5 -
0 Pt
5-
=10 1
'15 T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 20 100 110
second Central Weather Bureau
3.1.1.4-11 Taiwan0420 H15E o &1 H 035 FE 3% JE (WSF)
Yuanlin ( WYL ) Intensity : 3
Earthquake Information (GMT+08) Station Information (GMT+08)
Origin Time : 2015/04/20 09:42:56 Trace Start Time : 2015/04/20 09:42:53
Location : 24.02°N, 122.44°E Location : 23.96°N, 120.58°E
Depth : 30.6km , Magnitude : 6.4 Distance : 189.47 km, Azimuth - 87.93°
107 Z Max
54 6.82 gal
0
_54
10
107 Ns Max
51 8.73 gal
0
54
-10-
51 Ew Max
101 12,68 gal
54
0 Bty
_5 -
=10
-15 T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 920 100 110

second Central Weather Bureau
3.1.1.4-11 Taiwan0420 #0158 o> #1035 2 3# 2(WYL)

3.1.1-87
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3.1.1.4-12  F-net BS54 (R : YNG)
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0F-net Yonagl1mi 60 sec
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0
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0
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@ 201544 H 20 HOHIE (Mw6.4) OEJET IV

3.1.1.4-14 2783 X 912 Lee (2015) % IRIS (Incorporated Research Institutions for
Seismology) (T & % teleseismic 7287 — & & 55D CWBSN (2 L D 8EH) 7 — ¥ & HW\ T,
JEA N — a UIRTIZ K % Taiwan0420 #iFE O BT T L OHEEZ1T > T\ 5, IRIS DT
— X3P 0.01~0.5 Hz (JAH 2~100s) DO/ KRR T 4% — CWBSN OF — # %
JA¥ %2 0.02~0.1 Hz (A 10~50s) D/ RART 4 VX —ZFHNTWD, fHoiE, BR
A R — g VUfEHNT TUIE Hartzell and Heaton (1983) O~ /L F X A L7 4 v R FELEZHW
TWiER LT RO 5Hi% ROz, ZDOBE, 0.8 s DT A RXH A Lz b0 RE R R B %K
Z04s A== TFIERNBE, FH16HOX A LT 4 FY (b—=FNVT A XHA
L 6.8s) EHWTWD, FEWER & LT, 3kmX3km O/NETEZ £ 7112 13 # (W
JBE S :39km) ., AN AN 12 # (Wi e : 36 km) . &t 156 {8 o /NEi & 2> 5 Bk 5 W@ il (39
kmX36 km) ZRELTWDH, Fio, H—F A LU 4 R ORBELERFERE L LT 0~3.0
km/s ZRRET L72 R, 5 0F 3.0 km/s 8 & LT 5, 3.1.1.4-14 [T 1T B ZE AL B

(B) CRFREMER (F) Z2RLTEBY, MEEL—HLTWD

3.1.1.4-15 ([ZREW G T O~V 4534 227”9, Lee (2015) 13MREEBILA A & £ DHLIZK
XRTRVEELZED2ODT AU F ¢ K (Asperity I, 1) OFEAZER L TBY ., 21
SO EROHAEIT 1SkmX15km & LCTW5, MM SICIEST DT ALY 7 (5
i (Asperity ) O K30 BI3H 80ecm TH V| MEMMAAOMBEMICH DT ALY 7 4
fEIK (Asperity II) D& KT B 50em TH D, £/, FHEWER O FH TR0 i

246 cm Th o7,
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Fig. 2 The stations used in the source inversion and waveform comparisons between synthetics and observations. a Teleseismic body wawves (P wave),
and b local strong motion waveforms. Black lines are obsenations, and red lines are synthetics. The number beneath the station (Bue triangle) indicates
the peak value of obsenation. For the teleseismic waveform, bath the synthetics and obsenations were employed a band-pass filter between 0.01

and 05 Hz. Forthe local strong mation data, the vertical component waveforms were integrated from acceleration to velocity and then a band-pass
filtter was applied between 002 and 0.1 Hz. The waveform misfits of the teleseismic and local strong mation data are 0.20 and 038, respectively

3.1.1.4-14 EIRA X —2 3 VRN AW T8 S 55 AR

20

Depth (km)
8
Down-dip direction

4(120 -5 -10 -5 0 5 0 15 20
Distance (km)

lip (cm
o1020304csosomeoSp(c)

Fig. 3 The spatial slip distribution on the fault plane. Arrows indicate the fault slip on each subfault. The epicenter is indicated by an open star.
Warm colored circles indicate aftershocks with magnitudes between 152 and 5.99. The largest aftershock (M6.15) is indicated by a white open star.
Asperities | and Il are shown with open solid and dotted red ellipses, respectively

3.1.1.4-15 BIFEA 3= g3 VEEMTIC X 50 540
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® 201544 A 20 HOHE (Mw 6.4) ORMEALEIROET AL

Lee (2015) (XX 3.1.1.4-16 IZ/R T L HIZHEE D CWBSN T b AL EE) & 3H M3 5 7=
O ERIRARE, H NS T T VIS KD HUBEEIR ARV K B RE R I O W TRET 21T > T %,
Woix, BFEA AN =Ta VIRITICE 2RIEET VL 3 oo THEE T v 2 e —
A (Case A), BEA N —2 a3 VIRFTIZ X 2BIRE T V&R THEEE T V2 Wi
r—Z (Case B)., RUEIRET VR OHERM FEEET V&2 iz — A (Case C). 1B
RAUEEE T L & MW TS T L2 Wiz —A (Case D), LLED 4 DD — 2 THli
B AT o7, 51X, £3 Case A & Case B OFFHEFER O LE A 5. Taipei basin,
Yilan basin &% O° Hualien basin (2 & 2 #BIEIERPEDO BN RS NI LEEHL VD, &
512, Case B & Case C DFFEEROL NG, 2007 =2 L IZIBEFRIZHT TN D
R OAMAEZMA L TEBY, ZHIEERA D= XML DO EL L TCND, 20
728, Taiwan0420 HIEOHIEEFEG & L T, HBEEE/REOEEBZZ T VI EEZLN
% Taipei basin, Yilan basin X O Hualien basin D&M S DOBEE T — ¥ B4 L THRETT 5
ZkizL’e,

4 3.1.1.4-17 IZWrf@ w2 DO E— A > b L — MNEFRFFHBEHEZ R L TWD, REREND
) 2s MR EICHEER MG R O T AV 7 ¢ (Asperity ) 23 L TRV | Z 4L LA LA L B
MR OEBMIIZH DT AU T 1 (Asperity 1) TREQRWEL > TWND, F—X /LD
BT — AL ME4.74¥X10" Nm (Mw 6.4) TH 5,

FetE LRI O E T AL TIE, X 3.1.1.4-18 12779 KL 912 Lee (2015) IZfE- T2 DD 7 A
U 7 ¢ fEI (Asperity I, 1) Z & T 15 kmX 15 km O 2 FAEEHEKR & L TEF AL EIT
oz, F7z. K¥3.1.1.4-17 6 ERMEEFEROMEE— X b & LT, BEERMAK 1s 205 10
sHEETORKIsHD 45X10 Nm 5% E Lz, ZAUT F—FLOMIEE—A L FDK 95%

TM T D BEEARIR IR I Lee (2015) IZf€E - T 3.0 km/s |23 E L, ERIRIFHF B ST smoothed
ramp B ZIRE L, DT A X A MIFITEHA DR R 5 s ITRE LTz, £ 3.1.1.42 12K
BF TR E LR ERBIEET VO RFEARI A —Z 2t o, 7V —VBEBOFEE L
THWIZH TG T T L 2% 3.1.1.4-3 (BT RKRS: Kuo +, FE) 1277, ok, AR
FHZBWTHE T IEE 7 VIR B R Tkl & Lz,

FEMEALRIRE T VIS K D3R EE P & BRI B O 24T 5, 7272 L. L FICRT
R T — % (HWA045, HWAO057, ILA050) % Lee (2015) 23\ 7= CWBSN D@ ESE) T — ¥ T

%72 <. CWBSN ##|% (EHP, ETL, ENA) & [Fl UAZE 2 & 5 TSMIP (Taiwan Strong Motion
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Instrument Project) DMEET — ¥ ThHLH Z LICHEENRMLETH D, 3.1.1.4-19 |Z TSMIP
O 5 R B A AT K OVRR R S 8L R (HWAO045, HWAO57, ILA050, OKNYNG) % 7R3
(Shin et al., 2013), TSMIP #1H] L O HiMs £ 1X NCREE (National Center for Research on
Earthquake Engineering) (Z & - T EGDT (Engineering Geological Database for TSMIP) 7%/ B
I THEY (http://egdt.ncree.org.tw/News_eng.htm), KBLH D AVS30 (2 H-D v T Hiu R
73 # 3.1.1.4-4 (http://egdt.ncree.org.tw/Classification.pdf) 12779 X 912 Type A~D 24 S
TW%, HWA045 (EHP) @ AVS30 i 473 m/s (Type C). HWAO057 (ETL) (% 815 m/s (Type n/a :
A7 ¥E). ILAS0 (ENA) X 627 m/s (Type C) & 72> TH VD | ARkl G 8L A3 b ) i &
BRI E LTHME SN D (http://egdt.ncree.org.tw/DataList.htm), =72, B SR 2 Bl AF 58
T F-net BlHIA ToH 2D YNG OHEIIWE L INTVWDLZ b, MERBNAEEZD
Z LM TE S (https://www.fnet.bosai.go.jp/st_info/27LANG=ja& c=YNG),

[ 3.1.1.4-20 |2 515 ® HWA045 (EHP), HWAO057 (ETL), ILA050 (ENA) X% ONEHN D YNG
OEBPGEEE T (B) EFFEEEEE F) okikzrd, HERBICIZEELK 0.02~0.2
Hz (JAH : 5~50s) O RARRAT 4 VX —%0FTWD, 7o, K 3.1.1.4-21 [TBLHE &
W (B) LEERERE OF) O MLOREBZ 7T, £ 3.1.1.4-4 [TRTH FREEE
T ERBRECHBEICHNTWDIZ 2 0b LT, BN 0.2 Hz LT (JA# 5 s Ll k)

THAEHEERIZIIEBNEEREOBFERN D H2METE TS, LErE | RE L fr bR
PR T WA LR 02 Hz LLF (AH 5 s L E) 1230 T Taiwan0420 Hi5E O B O FF {8 %
I<HLTWD EB XD,

3.1.1-93



7l T2 : 73 [Fia
Fg. 11 The narmalized Shakebars fnoem of the thees com ponents PGA) of four Bs1 Gaes a a full 30 velociy motel with an invenied Snine-Guit
soufie modd, b a homogeneas hatfapace moads (B3 sufacs) with an invered Bnle-Gul souss imodel, € a hamogensaoys hatfspace modd
it susface] with a doulble-coupie point source, and d a hormegeneous hatfgpace moded (fat wrboe) with a0 explodve sounge

3.1.1.4-16  Taiwan0420 HIEZ 3t I L2 HIE#H > I 2 b — 9 &
Case A: BIFA =V a VIRITIC K 2BIRET V& 3Rl THEEET L2 W56
Case B: B A /=T a VIENTIZ X 2 BIRET L &L ERH TS T VA2 W56
Case C: JUEWET VL PMPH FREEET VEHWESA

Case D: BRUEIRE T VL BB FEETT L2 HWTE54A
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Fig. 6 Moment rate function of the 0420 earthquake
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% 3.1.1.4-2  Taiwan0420 HUE DML EBRE T LD /NT XA — &

il 52 B s A 122.441°E  24.022°N
Tl 458 B s bR X 30.57 km

T ANRY T ¢ fHIR

15 km X 15 km

N

5kmX5 km

HEE—X

4.5X108 Nm

B smoothed ramp
TARXEA A 5s
il AR 3o 3 km/s

#3.1.1.4-3 fUE LM FREEE TV (BRI Kuo i+, FAE)

HUALIEN
Depth Thickness Vp Vs Jo
Qp Qs
(m) (m) (m/s)  (m/s) (g/cm?)

0 - 500 500 1912 713 1.945 70 70
500 - 3000 2500 4239 2340 2.396 230 230
3000 — 6000 3000 4820 2725 2.475 270 270
6000 — 10000 4000 5471 3095 2.594 310 310
10000 - 15000 5000 5906 3320 2.681 330 330
15000 - 20000 5000 5914 3324 2.682 330 330
20000 - 6318 3533 2.774 350 350

Qs=Vs/10. Qp=0Qs%iRE
Vp, o ldLudwig etal (1970)% UL TVsh SHETE
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26° e
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3.1.1.4-19(a) TSMIP O 58 &M 5. 55 A

25°30" _ -
25°00" E
24°30" & -
OKNYNG
24°00" - -
23304 e B
23'00' — -
121 122° 123

3.1.1.4-19(b) HRFETXk 5D TSMIP 58 =@M 5 (HWA045, HWAO057, ILA050) % O} F-net #l
A (OKNYNG), I3 b A, BT Rt b U7 Ak arisk, S8
ERARIT Lee (2015) OWE % £ 9,
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#3.1.1.4-4 BN D AVS30 1T E-D V7= IR KR E 0 45 58

34k o BRI

Mo f F 302 RF-349 Sk ik \ i F F 302 RF-349SPT-N{i
Vs .GE. 1500m/sec

760m/sec .LE. Vs .LT. 1500m/sec
360m/sec .LE. Vs .LT. 760m/sec N .GE. 50
180m/sec .LE. Vs .LT. 360m/sec 15 .LE. N .LT. 50
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HWADST

3.1.1.4-20 &L
0.2Hz, A ELOEFTIIHRKKEE (cm/s) 277,

13

[ﬁ » .
| e H,: "

OKNYN

FHE!&WD

m DM‘ 0.12

-0.055

hIT

(R LHm

50 100
Time (s)
(AR) O BE T O b,

2015 Apr. 20 East coast of Taiwan

-0.68

0.73

9 0.41

NV RXRA T 4 V4 —% 0.02~

10 tHWAD45 NS 10 tHWAD45 EW..{ 10 LHWAD45.UD. 10 tHWADS57.NS 10 tHWADS57. EW 10 tHWADS57.UD
1 ! 1 [ 1 I 1 I 1 L 1 !
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2 — | |
1 e 1 s = d: 1\ 1 E,.«-'“'- .......... 1 g/—-\
§ F 5 5 5 F 5 F §
/ [ L L L N
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® 20154 4 H 20 HOHIE (Mw 6.4) OEJRO R4t

Z 2 TliE, Lee (2015) OEIFA 38— g VEENTICIE-S X 2015 45 4 A 20 H O #EiER M
B (Mw 6.4) OEPRFFEIZOWTHET 5, X 3.1.1.4-22 IZW B HEERFE (S) & HIEE — X

N (Mo) DR ETT L L HIT, BEDA, Lee (2015) 2 X - T Asperity fElk & L T
ENTWDET AU T ¢ HE (Sa) bl TWwWb (5 3.1.1.4-5), ¥ 3.1.1.4-22 {2} Murotani
et al. (2008) M OVH K - fttl (2013) (T K 2 M 3R 4 56f 50T U 7 W7 Jed A B8 v i & MR & —
A hDRr =1 v TRIROFH (2001) DR —1 o ZHIZR L TW5, Lee (2015) Dk
JEREEE T FE (1404 km?) 1%, Murotani ef al. (2008) DA — U v ZHI L R TWBKTH D —
J. 7 ALY T ¢ EAEIE Murotani et al. (2008) DA — U U JHI LA TH D, £72. Lee
(2015) X FHIIE S FHEA 248 MPa & LTV AR, £ 3.1.1.4-5 DHEE— A > L OWE
B A5 126 L C Circular fault model Z iE L CIS BE T & Z RO ZHER, 0.2 MPa 235 5
A, BSCHOFER R NI TR E —H Ly, Zokd, MmO T & (2.48
MPa) EHIFEE— X b (4.74X10" Nm) ZHWT, WigEmE L HEE Lz, € OREE,
279km? BNF B, T ANXY T 4 HFE (Sa) SIFIERBEOHBAE O, L END, Lee
(2015) GRS DOT AU T ¢ I A I ZIE W AR e L THE X TWD EHEET 5, 2
DA, HEE I -WBAEEE (279km?) 1% Murotani ef al. (2008) O &7 — 1 v ZH| & B
<—#73% (¥ 3.1.1.4-22 O [ X D : Estimated), B A >3 — 3 VEFTIZE S W
BIRET NV ERWTAr =Y TRl BET 08, TORBEANAT A =B Ar—1U 71|
MHBRELHANLDTGE, TEDONRNTA—=F 2+ T 5L L 612, /i THIIX Somerville
etal (1999) @O X 5 2WiIEMEFEBRO MY IV 7 HBIEZ T 52 ENEETH D,

B4 3.1.1.4-23 KO 3.1.1.4-24 (T2, FHT D& (D) LHEE—A N (Mo),
T ANRY T (AR (Sa) EHIEE— A b (Mo) OEAfR%ERT, Taiwan0420 D154 R0 &
(D) X Murotani et al. (2008) DA —V 7 HIE BL —%T 5, —h., 7 AXY T ¢ f8IK
(Sa) I%. Murotanietal. (2008) DA — VU ' JHHZH_XTWM K TH D, 7272L, Rl X
912 Lee (2015) O 7 AV 7 ¢ fHIK (Sa) (IWrBAEEEKZ IR L CW D ATEEMERH D Z &
WCHEEPLETH D,
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Mw
55 6 65 7 75 8 85 9

1 08 T TT ™ T T TT T T
Ltsw (2001} =——
Murotani ot 2l (2008) ee—
Tajima at al(2013) -
5 Murotani ot 2L(2008) —lH g
1 [) E Tajima et al. (2013} |—z—q : E
— Tamean 42 0{Rup urs) .
[aY] Taivan(420] Asperity}) L5
= Taivan(420[Estimated) ()
4 -
=, 10 E
3]
e 3
© 10 E
@
S
e =
= 10
: b
oc 1
10" ¢ ;
1 DD 1 1 | | 1

107 10" 10" 10?2 10" 10?2 10%
Seismic moment [Nm]

3.1.1.4-22 HIEEE— A b (Mo) & WrlgmkEEsEEk (S) DREM%R

# 3.1.1.4-5 Taiwan0420 HIE D EJE /N T X — & (Lee, 2015)

Mo[Nm]

S[km?2]

Salkm?]

o[MPal

4.74E+18

1404

225

2.48
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Mw
55 6 65 7 75 8 85 9

p— 1ﬂ4 1 LIl m™ L 1 1 1 mj T ]
E Mlyrotan of al (2005 — i
R Togma ot al(201)) s——
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3.1.1.4-23 HiEEE—A 2 F (Mo) & F¥T Y & (D) OBEMK

Mw

) 56 6 65 7 75 8 85 9
10 EI il LR I L [l LiMI I

Murotani et al(2008) —
Satoh et &l (2010}
5 Murctani et sl (2008 —l—
10° F Tajima etal.(2013) ==
' Taivanld20(Asperity} /5

. u%’_

Combined area of asperities [kmz]
E;LD

1ﬁ0 I 1 1 | 1
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Seismic moment [Nm]

X 3.1.1.4-24 HEET—AL b (Mo) &7 AV F ¢ fHIK (Sa) DA%
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@ Fio

T4V TV — FTRAT OIHERORFEAREOMBELEICET SR ARNLE L
T.2015 4 4 F 20 A (S BB O BRERVEHEAT T THA LB HE (Mw6.4) 2RI
Lee (2015) OB A N —2 a VIEHTFERICES & JHH 5s DL Lo MBI REM 2 e L 7=,
ZFORER, R e M EE 2 b O BB OB A (3 M) & HAENOREGRN
A (1 HR) I2FB W R B IR R A L KB TR T, 50 s BIRREE
Murotani et al. (2008) DA — 1V o JHI LG T 52 & s L7z, 7272 L. Lee (2015) @
BIRA =2 g VIR CEL R TWA T AU T ¢ BEIIE . MRET Ol 5. 178 il 8 30k ©
bOLARBER S D Z R bhroT,

B, ARBRFHIEH 5s Lo KA MHES 2 %I 510 U MR B AR & OV O B AR 23
Murotani et al. (2008) DA — U > ZHIE1EIE 8T 25 Z & 2R LA, Frio, A 1s DL
TOREFAMHEEORFE/BIECOWTIE, RN TH D, 2ok, BRI 7 U — Bk
ZHWET7 4 —U—KET Y 712K % SMGAs (Strong Motion Generation Areas) O #f <>
ARG WA U= g VRN & B AR s AR (AL~ L) ofEEEIT O, 2
NETICHLN TV D RBENZEEHMBEROR 77—V v ZAIL ORFE1T S LERH D
7259,

HEE © Taiwan0420 O HUEE) 7 — Z (X BB T LKL E (CWB: Central Weather Bureau) @ Tl
Vo7 b AF LI,
http://tao.cgu.org.tw/index.php/articles/archive/geophysics/item/1107-the-geophysical-database-

management-system-in-taiwan
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3.1.2 7 7 X — T A XHEE O B Fe &k D I8

(1) v S 5 30z 4880 ) 0 oD A 22

T JEC Hi R R P B A LI, VTR AT A MESHE A BT S KRR A T4 K
O M AT T & 2 B A 1 i i b R R BL A S-net (Seafloor observation network for
earthquakes and tsunamis along the Japan Trench) ., Fi{f b 7 7 THAET 2 HECHI 2 81119
D T2 DR IERTFE B B I K 0 BAZE SN2 BLIRIIE T, Ak 28 45 4 A B KBRS S
T Hi5E - BB E LS 27 A DONET (Dense Oceanfloor Network system for Earthquakes

and Tsunamis) 233 5,

(2)  H A T 7 JES 75 e 1 U8 S-net: https://www.seafloor.bosai.go.jp/S-net/

YN

MIFRFE & AKEFEDS — KL R o T BRMEE 2K — 7V THf L, Tz HARMEN S
T S UFEWIRICE 2 AR FEEMICHRE L, VT A A2 24 ReffER CENlT — & %
WG %5, BAZEEIL 150 PTiciRkE L. 7 — 7 V2 RIEK 5,500km Th 5,

YT TR i B R0 B % oD MR & BRI RN L. s A O e S AR ST L0 HE o B
RMHATE 2 CO KA RICEMRT 2 Z e SN D, O BB OB O DI
WIEICH T 28T — 2 IZMLERARTH D, 2016 48 A (CEAL 28 FFE) kv —fEMN %
BtE L T\ 5,

S-net OBLINHE 2 [X] 3.1.2.2-1 12”7, BUHIMEIZXR O 5 DOk & B ARHEEOIMIIZ 22
NERE L TWnD,

©
5l
2
=

RYK - f8 B I

(28 = S Ui

= R ph AL D

HIEE - 75 AR
HEEEs (7 v F—F A X)

®©@ @ ® 0 ©

- BLIHE O Pk

S-net OBAME DR A K 3.1.22-2 1277 F, 1 DDBHIT AT A (BT AT L) |
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SRR 25 OBLLE (BLHIEEE) 24 30km HFRECHO BRICRE L TWD, 7¥—7 14
R I3/ 800km Td %5, /K 1,500m LA O EE W CIX, WHEKICES ImBEEOH
WY, oI —T7 NV EBHEBELREL TWD, BhEPCETSTIZr—7 2 IR#EDT-D
NS —T N EHEHL TS,

KT AT LAOBWT — X1, WES— 7 VT 2 o0k BRI 24 BERERE L TR
MnE SN D, BRI, HER GO EER ~"A T A em—0 A0 6 ok E
B KRR, ARG TR S LTV D, R, MG, BIRIEHT 100Hz, AKJEEHT
10Hz D7 — 2 Z#WHE L TWD, Z1bOBHIT — & 30 KB BRBEBT ~% 15 S v, Hh
LW O, BRI O E | YRk o Mg s L B GMI o KT — 2 L LT
EHIND,
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3.1.2.2-1 S-net O @LIME  HiH#: https://www.seafloor.bosai.go.jp/S-net/

B SR R R T ZSAR
: RAEDEAR
= A E (O Lk EE) 255
WA BRI 30k

i B 1 R B ORIFAG0K M.
=12 K 1500km

(Gl EIELSR S mEZE ) R
B EDHIC T =7 .
e e S e

3.1.2.2-2 S-net O BN DOHEAL L https://www.seafloor.bosai.go.jp/S-net/
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(3) HE - B E AR > 25 2 DONET: https://www.seafloor.bosai.go.jp/DONET/
N 0

FE R T 7R TRV RE RMEORENBREINTWD, BEEOE K H#IE Ok 25
ARk T & 2 AR BRI & fd /K IS HE S KE DONET 23 BB S T 5, REEFH#E & fo Otk E
I RBE S 41T 5 8L % 2 412 4L DONET1, DONET2 & FEA TU 2,

DONETI % 2011 45 7 A 72 5 20 ;A CTAMKIE M 2 Bl 4h. DONET2 I3 2016 4F 3 H 7> b AHK H#
M Z B L7z, BIfE, DONETL 1% 2 5k ST, A FF 518U ToOEM Z ke L T 5,
DONET 13 [E] S7AfF 78 B 38 1 AR VER 70 B FE MR 23 B S - BRI L 72 b 0 . BUEIZBS SR

TAHHCBE ., EHINATWS (¥ 3.1.2.3-1),

< BLIHE DA AL
BB AT DS WIREPR E WIRE), #BRABO X I RDo< D L LIEETHNLHED X
IRWMLWIREIE T, O OBEOEEFZXF Yy v FTEDL LD VUL BREIZ LV IKFE
(ZRTonTEh v T X T A (6 U TRIERE, NA T A L m— A D 3 Ry IR
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3.2 il = & o MUE BN E O

Mg (7L — FPRME, e L — FARER) 3 RPORLR L 7L — ME#NZ
MEEL TRAELTWD 2D, T ORI O MR O #ilih: 2 30 4& - 58 L THERGFT 2 2
LITEY . ARBEZOWEHENMEICBERTL2RKEETL— 740 VBT L — D
BRI IENE S 2T 2 Z L I3EETH D,

ZIZT, AEGTIE, WEAMEA R L L, kD L oMBEEBNSEORHAEZIT O, BIK
FIZIE, ERSTRAE LT b— MR X OYEFE T L — b NHUER IS 6% 5 50 5% B T 8% 2 X
£ BEE L MR T RO U I K D HURE) L L & DI A ATV H AR & o> H I
O MRV R O BRI EN E 2 BT 5,

3.2.1 7 L — bR HIEE O MR Eh R

RENTEIRRE, (R & HUBFFE R E WS OO BERICEIVEEIND
DTHDHI2, HEBOHIBMEEZ R T 570, Bl Z ZOE FHBE L THMTE 5B
DTV, ZTODIZ, HEFHOHIBIEZ A LN 5720, LT 2 50HERE R
b d,

FHEQ  MEHEZ ST~/ =F2a—F (M), BIREI 2 EOBRREED R E O HiE
B W THUR R R RS AR E O BIFEERF L O i 217 5 HTiETh 5, 1272, BIR
RO HUR REME DS R FR FE © L B BRRE b MR E 0BG ENI L VWD T, v~/ =F 22— F
O [FFEEE 72 MR Rl £ O BLHIELEIZ O W TEUF T 217 9 2 LI K VRO B 5 TR e i
BERS AT LIk o CHIEESBIOMIRELZERTI2ONBETHD, 22T,
CDOHERRTRIELESZ LT D,

FEQ  BIRAHE, SRR X OB R I A9 e R E I8 (GMPE) & #1115
fk & DREVEEFE T 52 LIk o TR L. GMPE % JF L CHiulg: 2 5EAfi 4 2 55T
b, ZTOFETIEH, ~7=Fa2a—RREOZ LR DHHBEBIZOWTHAEXH 225855 %2 54 ¢
52 &b, GMPE O AN THILITHEE ORI DWW THUERBI R S O it 2 3
flicxsbneBEB2bNL, 22T, ZOHFEIZDOWT GMPE 24 L7 FIEEMESRZ & b
T2,

AEHETEIETHEOQQOW 2 HWT, HEODOMNT&RMEITH T 2 ELHEDOE S
NTWDHHA, kAT, AT Y 2 EOHIBKOHBRICOW TR EZ1TV., HiEOOQ
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DENEE R T D, WIZHED@D GMPE O AN THIVUXEE O HEIZ OV THIE
iR S OHUIRMEZ MM CE 52200 TOAIMERHRIND Z LA KMFIC, MIENT7 7
ERICE2IZT74 VT L — MDA ZHRIZLDIHEOZNEEOT L — FREHIEIC
DWTHIT 24T, HEH P (GMPE) TRIN 25 HARDFEL R e MiEEIR S & S5 H
BOZNEDENEZFET D2 & LT 5,

3.2.1-2



3.2.1.1 #MEtHik

(1) Q7 T ik

MWEO~ 7 =F 2 — FM), BIREI 72 & ORIREFNEN R E O #HEIZ OB HFEERIZ DU
THUERE TR OEFEE T V&2 v CHIERE) O F 1) 722 MR B R & 45RO THUER M O A
IS Ko THEBN R S O ORI 21T 5 2 & & 95, TDOLDDREFEET VL Si et
al. (20200 R b D& L, (3.2.1-1)K~3B.2.1-10) X574 5, X, FHRY R HEER S O
WRIA=HIEDM) T2, 2B, ZNHDORITBNTZEDOMD/NT X — & OEFZLHRBUT S
etal. 20200 2T HbD LT 5,

log,, A(T) = b(T) +9(T,R,,)— k(TR +G(T) (3.2.1-1)
ZZlz,
T.%) = —log,, [X +C(T)] D < Moho depth or X <1.7D
ot A= 0.61log,,[1.7D+C(T)]-1.6l0og,,[X +C(T)] D > Moho depth and X >1.7D
(3.2.1-2)
0.0055-10°%™minM83) if T <0.3sec
C(T)=4[0.000810-0.00897log,,(T)]-10*™" ™" if 0.3sec < T < 0.6sec
0.0028-10° M8 if T > 0.6sec
(3.2.1-3)
0.003 if T <0.3sec
k(T)=40.000126-0.003321og,,(T) if 0.3sec<T <0.6sec (3.2.1-4)
0.002 if T <0.6sec
G(T)=G,(T)+G,(T) (3.2.1-5)
G,(T)=Mn[F, (T)]+In[F, (T)] (3.2.1-6)

c(r)ln(\%] iV, <V,(T)
In[F, (T)]= ! (3.2.1-7)
cmh{ V(T)} if V5, >V,(T)

ref
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n[F, (T)]= n+-g(T)m{E£¥¥éIliii}

3 (3.2.1-8)
f,(T)=0.5f, [exp{ fo(T)-[ min Vi, 760)~360 |} —exp| fscr)-(760—360)}] (3.2.1-9)
GM=CM+D,MZ,; (3.2.1-10)

FRoOBRREM#E S L ICBBEERCEAT S DB RDLNDLDOT, ZhEZTOME
DREW R IBEE L~ E BT, TRTOMBIZOWTEBIZ LI (MERDDZ &I
Ko THIER OMEE IR S DK TE D,
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(2) FEQHEE TR EZ I L7z ik

BIRR M, R R e L OV R M LT RO 72 R B T HIZC (GMPE) & BLIIGE 6 & D 5%
P EFE T H 2 LIk o CREi L. GMPE 24 L CHURME 2 M+ 5 HiETh b, 2 2
IZ.GMPE (% Sietal. 2020)ic L5 b D& HWAH Z & & L iEMARFHHERIFTG.2.1-1)~(3.2.1-
1)Uz T MEEDHB2.1-11D)HKE B2.1-13) X mb b, 26566 HERRIFGEET
Sietal. 2020)T/RENTWDLHDE WD,

b(T) =
a,(T)M +d,(T)S,+d,(T)S, +h(T)D +e if T <2.0secandM <830rT >2.0secandM < 7.5
a,(T)M +[a,(T)-a,(T)](M —8.3)+d,(T)S, +d,(T)S, +h(T)D +e ifT <2.0secandM >8.3
a,(T)M +[a,(T) -2 (T)](M =7.5)+d,(T)S, +d,(T)S, +h(T)D+e ifT >2.0secandM > 7.5
(3.2.1-11)
1 Interplate earthquake
S, = P a (3.2.1-12)
0 Intraplate earthquake
0 Interplate earthquake
S, = P d (3.2.1-13)
1 Intraplate earthquake

fiEHT TIE. (3.2.1-1)3~(3.2.1-13)42 7=~ 3 Si et al. (2020)1C & % HZE 811 X & B G0 8%
DFEADEE] S (MEMEZ L. AMI LTk, ZOMEIZE > THEHEBEOFHHRE O
NEAZASHIF S 5, 72, AREBIZEAMBRO N ERY —7 v MThDdZ b, §(T)D
HEIX 0.5 B L0 bFEEHKTICONTITI bD EF 5,

8(T) =~ Xp_; log,0(0bs,/GMPE;) (3.2.1-14)
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3.2.1.2 T RIGME L T —
(1) MEHT — % X — 2 O

K¥EHTH AT %5 NGA-Subduction 71 ¥ =7 MIEVIERSHZT — & X— 2 (LK
NGA-Sub 7 — 4 X—Z LS ILLTF O 7 OOHIRN S L 72> TEY, TRENOHMIEIZE
JTOMBET —F~ 7 =F 2— FEBRFEBOBEEREZX 3.2.1-1 1277, ZOMMNS, 77—
ZOEIZEBNT, HARLHBIZ L Z2MELENROZ N LN o0 5,

1. Alaska

2. Cascadia

3. Central America and Mexico

4. Japan

5. New Zealand

6.  South America

7. Taiwan

F£72. NGA-Sub 77— X—2 2B\ T, BEMFMEICHET 27— I3E— A b~ T =F

— K M), EX A7 (FL— FEHE, 7L — FAHER LY, BFRES L WE L
&, BUMSATE (Forearc 7> Backarc) 72 EN® 0, Fio, RFEFFIEIC D C I E I J B
(Rrup). W OHIZFRE £ COHRE £ TORMER (Rip) 72 &0 S v, HERMEICOWT
(T, MR O TR e S W (Vsso) CAAMZN R/ ETRFHAR OB 23l T 2B E T
DTS (Z2.5=Vs2.5km/s EFTORERS) REDT—EZPEHENLTNWD, —F, HEH RS
DOF =2 L TIE, HWEBORKME (G RINEE PGA, & KIEE PGV) X 0.01~20 B %
TO 5%IHEDNEEJRE ALY FVEEEE RotD50 W E SN TWD, ZhbDT —FX—
AT esv 7 7 A VI S I, flatfile & L TARINTND Z b, AEBILZ O flatfile
AL,
Q) MHEHELT —X

FEQ@ O M 5 Ex AWM T, 7o XL~ 7 =F 2 — R BRES e & o BEREE
WRIBEOMBLRSZ L &35, KEETHMT 5 NGA-sub D7 — Z N— X &G~ T,
M7.6 REO L — MNEAHEOT — 2 BN HEEOHIBICB W TT — ¥R HizdI &b, #
32.1-1 IR THIRR A AT et 4 & LTz,

F MR FEOQICLDMENEATLEEZONDZ LD, HIEQ@OHEMMITIC X
HHIE 2K 3.2.1-2 [R TV @EE Lo, FIEOQIZ X 2 BN 1T — >0 HilliZ s\ T M55
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LEDOHE, o MG LAy b A7 HBEX 0 FWEREIC S W CBIIGESFET 5 &
WO RIETT =2 BV IANTE, KEE O GHBITRBICRD 2 enb, 7 L— M
HRIZOWTILAR 10 UEZ Rt ge e LT,

BE LRI O W TG O JEE A~ 7 L (RotD50) ZINHE L7,
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#3.2.1-1 HIEODIZ X 2T MM ORI gm0 Y 2 K

) NGA-sub Hypocenter location
Region Earthquake name Date Mw - -
EQID Latitude |[Longitude| Depth

CentralAmeric

) 3000072|72 1991/4/22 7.65 9.674| -83.074 13
a&Mexico
CentralAmeric

) 3000105|105 2012/9/5 7.66] 10.0242| -85.3884 20.7
a&Mexico
Japan 4000011156 2011/3/11 7.63| 37.9143| 144.751 11
Jpan 4000096 (Miyagi-oki 1978/6/12 7.65| 38.1496( 142.1672| 36.9798
SouthAmerica | 6000055(South.Peru.as 2001/7/7 7.64( -17.543| -72.077 20
SouthAmerica | 6000080|lquique.afs 2014/4/3 7.76| -20.5165( -70.4689| 25.6509

#£3.2.1-2 FEOQIZ X AHEMMETO U 2

No.| EQID Name Year | Month/Day | Region | Mw | Type | Latitude |Longitude| Depth | nd
1| 7000004 181985| 1994 317|Taiwan 5.56 0 24.049| 122.3197 17.3] 10
2| 7000005 174342| 1994 523|Taiwan 6.15 0| 23.98267| 122.5723| 13.17| 24
3| 7000009 107617| 1995 403|Taiwan 5.67 0| 24.0095| 122.272 8.89| 114
4| 7000016 951652| 1996 305|Taiwan 6.34 0| 23.96667| 122.2683 3.83| 224
5| 7000017 951664| 1996 305|Taiwan 5.88 0| 23.98817| 122.1812 7.98| 140
6| 7000018 955906| 1996 329|Taiwan 5.78 0 24.086| 122.1717| 23.34| 52
7| 7000044 2944860| 2002 331|Taiwan 7.12 0| 24.1602| 122.172 33| 422
8| 7000054 10925162| 2008 510|Taiwan 5.68 0| 23.93817| 122.5275| 24.71] 108
9| 7000057 15084155| 2009 713|Taiwan 6.36 0| 24.01233| 122.2195 13.21} 326
10| 7000074 603160286| 2013 628|Taiwan 5.69 0| 24.02683| 122.2195| 16.62| 139
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(a) All events
B Alaska

B el sk

© Cascadia

B Central America and Mexico

¢ Japan

< South America
@ New Zealand

[+2]

B Taiwan

Magnitude

1
1 10 100 1000 10000
Rupture distance (km)

[43.2.1-1 AZEH THMH L7ZNGA-sub7 —Z N— X ZB T HBMELE DO~ 7 =F 2 — F & &R
JRERBE D 534 X (Bozorgnia and Stewart (2020) X ¥ 5[ H)
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3.2.1.3 Mg A R
(1) HEODIZ X 2 [FREfR AT O #E 5

FFEO T, BRI SRR DWW T, BLHIG SIS BIREERE GROTHE & RMEREIC L 28
BreRT) ICKD2REEZHRETE D LD ITEIFESHT LT, £ A7z ik #i5R o 5 7o HUE
B S DT A — % b(THT DWW TR L, Mg oo #6922 MU B B3R S l2 DWW THE R AT
W, HUERPEICBE T MR R T o 7, FIE@ TR, BIIECER & Sietal. (2020)(2 L D HiEE T
M (GMPE) Ok EAFHE L, HiEOL QDM RO MBEE R S TV bIs%
A7 KL (RotD50) Th 5, HIEDOIZ K 2 ERSHT B4 5 v iz [ml ) dhf & Hg s 7 =X
OFHME & B O ik 2 X 3.2.1.2~[X 3.2.1.10 12/~ %, X 3.2.1.11 1%, FEOICE 554

R DRI 2 U FR B R S O FEA A SRS 1978 AR SR P MR A AL YEIC LB L 7 AR R & &
BT TRLIEBDTHD, M 3.2.1.12 ITHEDIZ L D FHMRIEZE S (ICESNTH LN
xS MEOMBHMHM BRI EZETTRLELOTHDL, THHORERNL, HIEOQLE@QD
FERDFEIRECHLZ 0D, FIEQOAMMEIHRE INTE LD LEZZ LD,
(2) HiEQHEE) TRIZ I U7z 515 O MRS R

BEOT L — FHMEICOWTHEQZEH L THELALMERH THXNE 2hEh ot
BOBIGESR L OFHMNE2E (BFER) ROT X TOMBEOFEEFEDEYME (RER) %
B4 3.2.1-13 (27”9, Z DG RITAE M U 7z HuE 8 7 31 202 6k U CBLINFE #% o0 A8 it #Y 7 i3 8) 5l
SERTHDITRD, Wb, 07 L— EHUE O 52O E L, &E R

FITHEB TR & RRETHL25, EEMAITHEBEH FTHXL D /NS WNZ L NFAR
o, 122, IGHEOHITA L, Eo 22 bH N2 00, SEIOFERIZESNT
ELICHEmMEDTAIENE LW EZZXOND, SHBIHGEHEZ & OIS LTl &217
P EDBEFE L,
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32.1.4 7L — FHHEIC X 2 HEEHR S O g4Iz o0

ARHEOBF T, FIEOQOFFHFENT 21T 72, BA, KTV KROH KA X aTH
ALV — MEHEIZOWT M7.6 REOHET —% LA WTWRNWR, Z DN Off
ES . FEEMASICBWTE, AR, BT U ROP KA X aDETHER R & W
O MM RIS DR E o7, Fo, BEBEANTREA L M55 UL EO T L — R
BED1 OHEIZONWTHIEQD GMPE 24 L7 5L TRl L7/ R i, 03 B L A
RRATICHE W TGRSR DO R B ARD T — % THFE &/ GMPE LEAET 501, £h XY
T JE B R X BRI GR SR DIE D BB T/ E N ERN g h o T,
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3215 £&0

AEHETIE, MI6BEDOT L — FNHHEOT — 212250, FEOIZ X DTk L.
Jik@0 GMPE %47 L7z Hik TR DL R o bizic . B ECTHE ORRNESHT
HHZENEREINDZ END, FIEQ@O GMPE #4r L7 FiETEMERFHIH WS 2 &
WHEETH D Z LR Ini, 5% GIEQEZ AW TRFIFRHEAZ MO L THEZR S MR
ZATH T EMEE LW,

NGA-sub (28T 5 BB OMEIZONT MSS UL EOT L — FNEIHIEZ K VA A TZRESR,
AFRFI0HEN D o7z, D DOHIEIZ DWW THIE@O GMPE & 41 L 7z J7 ik TRl L 72 4% 5
TiE, 03 X0 RJEMIA DIV THBIELER DA A AKD T — % THJE S 7z GMPE &
BETDHN, TN L0 ARG IFBAFLEDIT O NET/ SN2 ERNghote, 7272, %t
GHEOKITD 72, X 2&FbALNL 2 b, SBRIOFERIZE SO THE B IZH M
FHZENELVWEEZOND, SHBIGEEZ L L THITEZITY S EREE L,
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322 MEET L — b PN HIEER O iR ) R

WEZ7Lr— FNHECLAETH, 7L — MNMEOLG LRI UL LS ICLLTD 25D Fik
XD MR IR & OHEE A FHET S 2 & LT D,

HEDO : BB Z R~/ =F2—F (M), BIFRES 22 & OBIRREES [FFLE O g
B W THUR R R RS AR E O BIGEERFE L O i 217 5 Tk Th 5, 7272, BIR
RO IR REME DS R R FE © L BIRBRRE S MR E BN EN L VWD T, v~/ =F 22— F
O [FAR BE 7 R A L O BLRIFEEIC SO W CEUR AT 21T 5 2 LI K VRO B D P
BEHRSZHBT L2 LIk THBEHBES OB A2#ERTIONRAETH D, 22T,
CDOHERRT LSS LT D,

FEQ  BIRAHE, SRR X OB R I A9 e #EE) T I8 (GMPE) & #1150
b & DRV EFET 5 LI K> TR L. GMPE %4 L CHUsl: 4 34l 9~ % 55T
bbb, ZOFETIE, v 7 =Fa—RREOZERDIHEIZOWNT IR 22 2 74 T
X252 LhB, GMPE O HHEIFHN T LT E OHEIC DWW CHUEB) 3R S o Huditt: 2 5F
fiTEDbDEEILND, ZI T, ZOHEILDNT GMPE 2t LI HIELMERZ & &
T2,

REZTEETHEOQOW H 2 AN T, HFIEOQDOMHTRIFICHR T 5 HERLHEOM S
NTW5S AR, FfK A X 3, Cascadia 72 £ O MUK O HEIC >V TR 21TV, HEO@
DHMEEHERT 5, WIZTHEDD GMPE O A#HEAN THIITEEOMEBEIC OV THUE
iR S OHIBMEZ M CTE 52 &0, TOAMMERHBIND Z LK. MIiENT 7
CRICEOCTA VT L= FDOWRHZHICEDIMBEOZLNEEDO T L — FHNHIEIC
DWTHENT 247V, HUEB T (GMPE) TEREN D HAD FHR A2 MESR S & 475
BOZENLEDOEVEZFT D& LT D,
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3.2.2.1 MEtHiE
(1) Q7 T ik

MWEO~ 7 =F 2 — FM), BIREI 72 & ORIREFNEN R E O #HEIZ OB HFEERIZ DU
THUERE TR OEFEE T V&2 v CHIERE) O F 1) 722 MR B R & 45RO THUER M O A
IS Ko THEBN R S O ORI 21T 5 2 & & 95, TDOLDDREFEET VL Si et
al. (20200 R b D& L, (3.22-1) ~(3.2.2-100 06745, Xf | FHRY R HEE RS O
WRIA=HIEDM) T2, 2B, ZNHDORITBNTZEDOMD/NT X — & OEFZLHRBUT S
etal. 20200 2T HbD LT 5,

log,, A(T) = b(T) +g9(T,R,,)— k(TR +G(T) (3.2.2-1)
ZZlz,
T.%) = —log,, [X +C(T)] D < Moho depth or X <1.7D
ot A= 0.61log,,[1.7D+C(T)]-1.6l0og,,[X +C(T)] D > Moho depth and X >1.7D
(3.2.2-2)
0.0055-10%>mnM8 if T <0.3sec
C(T)=4[0.000810-0.00897log,,(T)]-10*™" ™" if 0.3sec < T < 0.6sec
0.0028-10° M8 if T > 0.6sec
(3.2.2-3)
0.003 if T <0.3sec
k(T)=40.000126-0.0033210g,,(T) if 0.3sec<T <0.6sec (3.2.2-4)
0.002 if T <0.6sec
G(T)=G,(T)+G,(T) (3.2.2-5)
G,(T)=In[F, (T)]+In[F,(T)] (3.2.2-6)
Vs30
¢(T)In v if Vg, <V (T)
In[F, (T)]= ! (3.2.2-7)

e(T)n {va} ifV,,, >V, (T)

ref
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In[F, (T)]=f,+ fﬂ)l{w}

f (3.2.2-8)
f,(T)=0.5f, [exp{ f,(T)-[ min(V,y,,760) —360]} —exp{ f,(T) -(760—360)}} (3.2.2-9)
G,(T)=C,(T)+D,(T)Z, (3.2.2-10)

FRoOBRREM#E S L ICBBEERCEAT S DB RDLNDLDOT, ZhEZTOME
DREW R IBEE L~ E BT, TRTOMBIZOWTEBIZ LI (MERDDZ &I
Ko THIER OMEE IR S DK TE D,
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(2) HiEQHEE PRI E I Lz HiE

IR, R R ME S L OV MR s M % BFATE © & 2 LIRS e R ) T HIZC (GMPE) & &L
LBk E OEREEFHR T D Z LT, GMPE 2/ L CHUEME A FEi 5, 2 212, GMPE I Siet
al. 2020)iIc k2 b0 E MWD Z &L L, MG REAITG.2.2-)A~3.2.2-100Kicmzx T
HT) #EDH(B.22- 1R EB22-13)XNMb 5, 265 KA REFRIFEEIE Sietal. (2020)
TREINTWVDLIbDEMWD,

b(T) =
a,(T)M +d,(T)S,+d,(T)S,+h(T)D+e if T <2.0secandM <8.30rT >2.0secandM < 7.5
a,(T)M +[a,(T)-a,(T)](M —8.3)+d,(T)S, +d,(T)S, +h(T)D+e ifT <2.0secandM >8.3
a, (MM +[a,(T)-a,(T)](M =7.5)+d,(T)S, +d,(T)S, +h(T)D+e ifT >2.0secandM >7.5
(3.2.2-11)
1 Interplate earthquake
S, = P q (3.2.2-12)
0 Intraplate earthquake
0 Interplate earthquake
5, = P q (3.2.2-13)
1 Intraplate earthquake

fENTClX. (3.2.2-1)20~(3.2.2-13)xi2 /"7 Si et al. (2020)(Z & 2 HGESH T3] = & 810 50 &%
DFEFZEDNL] § (MEHEZ L, FAHZ LTk, ZOMHEIZE > THRHEOFEEHRRS O
NEAZASHIF S 5, 72, AREBIZEAMBRO N ERY —7 v MThDdZ b, §(T)D
HEIX 0.5 B L0 bFEEHKTICONTITI bD EF 5,

S(T)—— k=110810(0bsy /GMPE)) (3.2.2-14)
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3.22.2 T RIGME L T —
(1) MEHT — % X — 2 O

K¥EHTH AT %5 NGA-Subduction 71 ¥ =7 MIEVIERSHZT — & X— 2 (LK
NGA-Sub 7 — 4 X—Z LS ILLTF O 7 OOHIRN S L 72> TEY, TRENOHMIEIZE
JTOMBT —F~ T =F a— FEBRFEBROBEEREZK 3.22-1 1277, ZORNL, 77—
ZOEIZEBNT, HARLHBIZ L Z2MELENROZ N LN o0 5,

1. Alaska (AK)

2. Cascadia (CASC)

3. Central America and Mexico (CAM)

4. Japan (JP)

5. New Zealand (NZ)

6. South America (SA)

7. Taiwan (TW)

F£72. NGA-Sub 77— X—2 2B\ T, BEMFMEICHET 27— I3E— A b~ T =F

2— K M), #HEX A7 (FL—  EHE, 7L —FAHERLY), BFES & HE ERGE
&, BUMSATE (Forearc 7> Backarc) 72 EN® 0, Fio, RFEFFIEIC D C I E I J B
(Rrup). W OHIZFRE £ COHRE £ TORMER (Rip) 72 &0 S v, HERMEICOWT
(T, MR O TR e S W (Vsso) CAAMZN R/ ETRFHAR OB 23l T 2B E T
DTS (Z2.5=Vs2.5km/s EFTORERS) REDT—EZPEHENLTNWD, —F, HEH RS
DOF =2 L TIE, HWEBORKME (G RINEE PGA, & KIEE PGV) X 0.01~20 B %
TO 5%IHEDNEEJRE ALY FVEEEE RotD50 W E SN TWD, ZhbDT —FX—
AT esv 7 7 A VI S I, flatfile & L TARINTND Z b, AEBILZ O flatfile
AL,
Q) MHEHELT —X

TEOQQOWM iEZ AW TlX, 252X~V =F a— N, BIRIES 2 L OB
WRIBEOMBLRSZ L &35, KEETHMT 5 NGA-sub D7 — Z N— X &G~ T,
M6.8 FEED T L — FHNHIED T — X BPEBOHIRIZIS W TT = BHixA 52 &b, &
322-1 IR THIRR A AT 6t 4 & LTz,

Fo MR FEOOICLL2MERNEATL2LEEZ LN D, FEQOHMMHTIZ X
D MR 23K 3.2.2-2 [RTHE Y EE Lo, FIEQIZ X 2 BN 1T — > D HilliZ s\ T M55
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LEDOHE, o MG LAy b A7 HBEX 0 FWEREIC S W CBIIGESFET 5 &
WO RIETT =X BV IANT, KEE ORI GHBITRBICRD Zenb, L=
HRIZOWTILAR 10 UEZ Rt ge e LT,

BE LRI O W TG O JEE A~ 7 L (RotD50) ZINHE L7,
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#3.2.2-1 FHIEOIZ X 2 RIRFENT O TR R =D Y 2 K
. NGA-sub Hypocenter location
Region Earthquake name Date Mw - -
EQID Latitude [Longitude| Depth
Japan 4000063(Geiyo 2001/3/24 6.83] 34.1298( 132.7025| 45.8808
TWN 7000045(7418598 2004/10/15 6.59| 24.47083| 122.7778 88.02
Japan 4000224|Middlelwate 2008/7/23 6.82 39.739| 141.6665( 114.8789
Cascadia | 2000004 |Nisqually 2001/2/28 6.8 47.1574| -122.68| 53.1749
#3.2.2-2 HEOIZ L D HMMETo U 2k
No. EQID Name Year | Month/Day | Region | Mw | Type | Latitude |Longitude| Depth | nd
1| 7000002 189914| 1994 120|Taiwan 5.53 1| 24.07067| 121.8505| 56.94| 198
2| 7000007 149126| 1994 1012|Taiwan 5.55 1| 24.79217| 122.0357| 76.58| 85
3| 7000012 100506| 1995 625|Taiwan 5.97 1| 24.53917| 121.6993| 48.86| 333
4| 7000014 60466| 1995 1201|Taiwan 5.6 1| 24.5745| 121.638 48.2| 199
5] 7000041 1884421| 2001 613|Taiwan 5.56 1| 24.40933| 122.4015| 71.23| 277
6| 7000045 7418598| 2004 1015|Taiwan 6.59 1| 24.47083| 122.7778| 88.02| 390
7| 7000048 Pingtung.Doubletl| 2006 1226|Taiwan 7.02 1| 21.88703| 120.5684 44.1| 418
8| 7000049| Pingtung.Doublet2| 2006 1226|Taiwan 6.94 1| 22.02975| 120.4051 33.8| 432
9| 7000050 13203024 2007 906|Taiwan 6.28 1| 24.24617| 122.3272| 50.75| 476
10| 7000072 601111906| 2012 609|Taiwan 5.91 1| 24.45667| 122.3298| 73.41| 520
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3.2.2.3 figAT A R

(1) HEOOIT K 2 [FIR AT 0O fE R

FFEO T, BRI SRR DWW T, BLHIG SIS BIREERE GROTHE & RMEREIC L 28
BreRT) ICKD2REEZHRETE D LD ITEIFESHT LT, £ A7z ik #i5R o 5 7o HUE
B S DT A — % b(THT DWW TR L, Mg oo #6922 MU B B3R S l2 DWW THE R AT
W, HUERPEICBE T MR R T o 7, FIE@ TR, BIIECER & Sietal. (2020)(2 L D HiEE T
M (GMPE) Ok EAFHE L, HiEOL QDM RO MBEE R S TV bIs%
A7 KL (RotD50) Th 5, HIEDOIZ K 2 ERSHT B4 5 v iz [ml ) dhf & Hg s 7 =X
OFHME & B O ik 2 1% 3.2.2.1~[X 3.2.2.6 IZ/- T, X3.2.2.7 1X, FEDIZ X D x5
R D) 7 MR B R S O FEAIRS SRS 2001 35 T HUE &2 LB ISR (L L 7oA R S 2 B 5
TRLIELDOTHD, 3228 X HEQIZXL D EHMREES (DITESNTH LR
HEOMBIMHAI RS ZRLIZEDTH D, ZNHDOHENL, HIEODORR L FTIEQDHE
RO EZTV, HIEQIZ LD RITES ORBENFE Sz 2 &b HEO L TIEN
EEHRH L0, ZBORKITERES L~/ =Fa—NZRVFHINLZ b ARLET
WHOERNVEEGHTHY . B LAHEQOFRER LV EHNTHD Z LN HRRATE R, =
DML HTEQOREMMETH D EBbiLD,
(2) J7iEQ@ MM O R

BEOT L — FPNHEIZOWTHEQZEH L THLALMERD TR E 2h 2ot
BOBINGEE OFEHHEE (BER) ROTXTOMBEOEEFEDEYME (RER) %
B 3229 "L, FL— MEHEEL 7L — NNHIEO YK ZO EEEO ik 2 X 3.2.2-
10 (ZRT . 2 OREFITE A U7 MRS T =05k U LGRSk O FH i 22 M BB B iR & % o)
THLDILRD, Minb, BEO T L — FNHUEO LY EEO LML, BRI ZIZIEH
mE) TR FRETH L, BEMAS ITHES TR LV /NI WD &3 HE AR,
FRREITL—FHHELE 7L — FPAMEBECIIABRE TH D Z L 23K 3.2.2-10 M HHEFETE
L. e, 2THLbREHMBEORITA 2L, E62FbH6NDHZ 06, SEIORERITE
DSWTELICHmE T2 ENHELVWEEZOND, SHBBFIEMEZHESOL THEAR
HRETEATH ZENEE L,
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Estimation of static stress drop from slip distributions of source inversion
results for the 2011 off the Pacific coast of Tohoku earthquake

Author: Luis A. Dalguer (3Q-Lab GmbH, Switzerland)
Rivised version, January 17, 2021

Summary

In this project, a quantitative estimation of the static stress drop distributions on the fault for 9 kinematic
slip models of the 2011 off the Pacific coast of Tohoku earthquake have been developed. The kinematic
final slip models derived from source inversions published in peer reviewed journals have been used.
Five source models were inferred by strong ground motion data, one by join inversion of Strong Motion,
Teleseismic and Geodetic data, one by join inversion of Teleseismic and high rate GPS data and two
by Teleseismic data.

The final slip is introduced as a boundary condition on a fault model represented by the split-node
technique to estimate the final stress change (static stress drop). The problem is tackled using a
volumetric 3D FDM technique that solve the elastostatic equation. Before calculation of the stress drop,
the final slip distribution of the original kinematic source model is interpolated to a high-resolution
model with 500 m grid size elements, then it is smoothed to remove sharp components that introduce
abrupt discontinuities on the slip distribution. The smoothing is done with low pass filter using the
moving average technique. In all the source models the free-surface (sea floor) rupture is assumed for
static stress drop calculation.

For the evaluation of the calculates static stress drop, the effective source dimension of each fault model
is estimated following Thingbaijam and Mai (2016) procedure based on the slip distribution. Then the
asperities are defined also based on slip distribution following Dalguer et al. (2004, 2008) criterium, in
which asperity is defined as a region in the fault in which the D > 0.6D,,,,, . Where D is the slip and
Dhmnax 1s the maximum slip over the entire fault ruptured area. Finally, average and maximum values of
stress drop and slip are calculated on the asperity, background and shallow zone of the fault.

Overall, the 9 kinematic source model have the common feature of having a large patch of slip at the
shallow zone, identified as asperity. This patch also matches with the concentrations of stress drop.
The kinematic source models that do not use strong ground motion for the inversion generate larger
average values of stress drop and slip in the total effective rupture area, asperity and background. One
remarkable features of the average stress drop at the shallow area, independent of the inversion
dataset, have been identified for four models. The models are characterized with negative stress drop
dominating the shallow-layer zone. The rest have positive stress drop, some of them comparable to
the average stress drop of the asperity. The models with negative stress drop at the shallow zone is
consistent with the concept of weak-shallow layer (SL). The main feature of this SL zone is that it
operates during rupture with an enhanced energy absorption mechanism. The ratio properties of
asperities with respect to the background asperity and total effective rupture area indicate that the
2011 Tohoku earthquake is a typical earthquake in statistical sense.
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1. Introduction

The 11 March 2011 Mw 9 Tohoku earthquake occurred in the subduction zone between the Pacific
and North American plates in northeastern Honshu, Japan. This giant event was recorded by a vast
strong motion, teleseismic, geodetic and tsunami networks. This dense amount of observed data
allowed to several authors develop source inversions to infer images of the slip distribution to
investigate source features of this earthquake. Several inversion models have been published using
either one type of observed dataset and/or join inversion using different combinations of the observed
dataset (e.g. Ammon et al.,2011; Fujii et al., 2011; Ide et al., 2011; Lay et al.,2011; Lee etal., 2011;
Ozawa et al., 2011; Suzuki et al., 2011; Yagi and Fukahata, 2011; Yokota et al., 2011; Yoshida K. et
al., 2011; Yoshida Y. et al., 2011). In this project the static stress drop distributions from some of
these kinematic source models have been calculated to evaluate the stress characteristics on the
asperity areas, back ground of the asperities and at the shallow region. Table 1 shows the list of source
slip models used in this study, the type of source inversion and the corresponding acronym used here
after to refer the respective model.

Table 1. Source inversion models used for calculation of static stress drop

Source model reference | Type of inversion Acronym
Yoshida K. et al. (2011) Strong ground motion Yos-K
Yokota et al. (2011) Strong ground motion Yok
Suzuki et al. (2011) Strong ground motion Suz
Yoshida Y. et al. (2011) Strong ground motion Yos-Y
Koketsu et al. (2011) Strong ground motion Kok-s
Koketsu et al. (2011) Join inversion (Strong Motion, Teleseismic, Geodetic) | Kok-j
Ammon et al. (2011) Join inversion (Teleseismic, high rate GPS) Amm
Yagi and Fukahata (2011) | Teleseismic inversion Yagi

Lay et al. (2011) Strong Motion Lay

2. General description of kinematic source models

The 9 kinematic source models are briefly described here. These descriptions were obtained from the
corresponding published paper and/or from digital data obtained from the authors. The parameters
described here mainly correspond to the source properties, this includes the velocity structure (or
rigidity structure) that corresponds to the underground structure at the source region. More detailed
description of the models and data can be found in the corresponding paper and files of the digital
data. The descriptions provided here were used for the calculation of static stress drop. If some
modifications are done, it is also specified.

2.1 Strong ground motion inversion of Yoshida K. et al. (2011) (Yos-K)

The Yos-K source model used multi-time-window linear waveform inversion method using long-
period strong-ground motion data obtained from 37 near-souirce stations of F-net and KiK-net, and
1 station (MYR, Sasatani et al., 2002) of Hokkaido University. The data were windowed for 300 s,
starting at P-wave arrival time, and band-pass filtered between periods of 200 s to 20 s (0.005-0.05
Hz). A single dipping planar fault with dip angle of 10° and fault size of 468 km along strike and 228
km along dip were assumed. The hypocenter is located at 38.103°N latitude, 142.861°E, longitude
and 23.7 km depth. The velocity structure model proposed by Wu et al. (2008, 2009) was used for all
the stations. The authors provided the digital data shown in Table 2. The fault is discretized in 741
subfaults of 12 km x 12 km dimensions, distributed with 39 subfaults along strike and 19 along dip.
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Figure 1 shows station location of ground motion records used for the inversion and the final slip
obtained by Yoshida K. et al. (2011). The final source slip model shows a large asperity (about 300
km x 100 km) located on the shallower part of the fault with a maximum slip of about 47 m.

Table 2. Velocity-structure model used in the source inversion of Yos-K source model
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Figure 1. Projection of the final slip distribution on the map. The star and squares indicate
respectively the rupture starting point and the strong-motion stations that are used for the inversion.

The dotted line shows plate boundaries (After Yoshida K. et al., 2011)
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2.2 Strong ground motion inversion of Yokota et al. (2011) (Yok)

Yokota et al. (2011) developed a join inversion using strong motion, teleseismic, geodetic, and
tsunami datasets, as well as separate inversions for each dataset. In this project the strong ground
motion inversion model referred as Yok source model is used and here described. This source model
used 20 K-NET and KiK-net stations (see Figure 1a in Yokota et al., 2011). The recorded acceleration
data passed bandpass filter of 10 s to 100 s (0.01-0.1 Hz) and integrated into ground velocities for
the inversion. A three segmented dipping planar fault with dip angle of 5°, 12 ° and 20° has been used
(see Figure 1b in Yokota et al., 2011). But in this project, a dipping angle of 12 ° is assumed. The
fault size of 480 km along strike and 180 km along dip were assumed. The hypocenter is located at
latitude: 38.103°N, longitude: 142.861°E, and 17 km depth. The fault is discretized in 96 subfaults
of 30 km x 30 km dimensions, distributed with 16 subfaults along strike and 6 along dip. The rigidity
structure for the inversion was Extracted from the Japan Integrated Velocity Structure Model
(JIVSM) (Koketsu et al., 2008). But because my limitation to extract models from the JIVSM. The
velocity structure shown in Table 2 is used for calculation of static stress drop. It is expected that this
velocity structure may not significantly change results, since this model also corresponds to the
Tohoku region. Figure 2 shows the final slip distribution obtained by the strong ground motion
inversion.
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Figure 2. Projection of the final slip distribution on the Tohoku area map obtained by strong ground
motion inversion. (After Yokota. et al., 2011)
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2.3 Strong ground motion inversion of Suzuki et al. (2011) (Suz)

The Suz source model used a multi-time-window linear waveform inversion method to derive a slip
image. Strong-motion data from 10 K-NET stations observed on the ground surface and of 26 KiK-
net stations recorded at boreholes were used. S-wave portion of velocity waveforms in the frequency
range of 0.01- to 0.125-Hz were extracted. A single rectangular planar fault model with dip angle 13°
was assumed. The fault has dimensions of 510 km length along strike, 210 km width along dip. It is
subdivided in 39 subfaults of 30 km x 30 km dimensions, distributed with 17 subfaults along strike
and 7 along dip. The rupture hypocenter was set to 38.10°N latitude, 142.85°E longitude and 24 km
depth. The used velocity structure model is shown in Table 3. Figure 3 shows the final slip distribution,
in which a large asperity is identified at the shallow zone (red rectangle) with a maximum slip of 48
m at the east of the hypocenter near the trench axis.

Table 3. Velocity-structure model used in the source inversion of Suz source model

Depth (km) Vp (m/s) Vs (m/s) Density (kg/m?)
0 5700 3300 2700
10 6000 3400 2750
13 6600 3700 2950
32 7800 4400 3250
100 8000 3500 3400
200 8300 4600 3500
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Figure 3. Projection of the final slip distribution on the map. The star and triangles indicate
respectively the rupture starting point and the strong-motion stations that are used for the inversion.
The dotted line shows plate boundaries (After Suzuki. et al., 2011)
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2.4 Strong ground motion inversion of Yoshida Y. et al. (2011) (Yos-Y)

Yoshida Y. et al. (2011) developed separately source inversion respectively for strong ground motion
and teleseismic dataset. Here the strong ground motion inversion model referred as Yos-Y source
model is used and described. This source model is the results of regional strong motion inversion of
23 seismograms from K-NET (Kinoshita, 1998) and KiK-net stations (Aoi et al., 2000), deployed by
the National Research Institute for Earth Science and Disaster Prevention (NIED) and from the JMA
(Figure 4). The acceleration seismograms were integrated to velocity, then the data were band-pass
filtered between 0.01 and 0.15 Hz and decimated to 0.5 Hz. 250 s of data, starting from 10 s before
the P wave arrivals has been retrieved. A single dipping planar fault with dip angle of 9° has been
used. The fault size of 475 km along strike and 175 km along dip were assumed. The hypocenter is
located at latitude: 38.103°N, longitude: 142.861°E, and 23.7 km depth. The fault is discretized in
133 subfaults of 25 km x 25 km dimensions, distributed with 19 subfaults along strike and 7 along
dip. Figure 4 shows the final slip distribution obtained by the strong ground motion inversion. On the
velocity structure, Yoshida Y. et al. (2011) refers to a model from Wu et al. (2008), that is the same
referred by Yoshida K. et al. (2011), therefore the velocity structure shown in Table 2 is assumed to
be the same for Yoshida Y. et al. (2011).

FKSH17.
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200 km

138° 144°

0 510152025303540
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Figure 4. Projection of the final slip distribution on the map. The star and green triangles indicate
respectively the rupture starting point and the strong-motion stations that were used for the inversion
(After Yoshida Y. et al., 2011)
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2.5 Strong ground motion inversion of Koketsu et al. (2011) (Kok-s)

Koketsu et al. (2011) developed a join inversion using strong motion, teleseismic and geodetic, as
well as separate inversions for each dataset. Here the strong ground motion inversion model referred
as Kok-s source model is used and described. The strong motion inversion uses the method of
Yoshida et al. (1996) with the revisions of Hikima and Koketsu (2005) and Green's functions of
Kohketsu (1985). 20 K-NET/KiK-net stations are selected and applied a bandpass filter of 10 to 100
$ (0.01-0.1 Hz) to the three-component records, and then integrated into ground velocities. A single
dipping planar fault with dip angle of 12° has been used. The fault size of 480 km along strike and
150 km along dip were assumed. The hypocenter is located at latitude: 38.103°N, longitude: 142.86°E,
and 17 km depth. The fault is discretized in 96 subfaults of 30 km x 30 km dimensions, distributed
with 16 subfaults along strike and 5 along dip. The rigidity structure for the inversion was Extracted
from JIVSM. But because my limitation to extract models from the JIVSM. The velocity structure
shown in Table 2 is used for calculation of static stress drop. It is expected that this velocity structure
may not significantly change results, since this model also corresponds to the Tohoku source region.
Figure 5 shows the final slip distribution obtained by the strong ground motion inversion.

1417 142°  143° 144°

Figure 5. Projection of the final slip distribution on the Tohoku area map obtained by strong ground
motion inversion. (After Koketsu et al., 2011)
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2.6 Join inversion of strong ground motion, teleseismic and geodetic data of Koketsu et al.
(2011) (Kok-j)

The Kok-j source model is the result of join inversion using strong motion, teleseismic and geodetic
dataset developed by Koketsu et al. (2011). The inversion methodology, fault geometrical description,
the number of subfaults, rigidity structure, as well as the strong ground motion data are the same as
the Kok-s source model mentioned in the previous sub-section 2.4. For the teleseismic data set, the
GSN stations at epicentral distances of 30° to 100° (Fig. 3A of Koketsu et al., 2011) were selected,
removing instrumental responses from P-wave records observed at these stations, and integrated them
into ground displacements using a bandpass filter of 4 to 500 s. For the geodetic data, 16 GEONET
stations (Fig. 3B of Koketsu et al., 2011) were selected and calculated two-component static
displacements by comparing averages before and immediately after the mainshock. Green's functions
calculations follow the methos of Kikuchi and Kanamori (1991), Kohketsu (1985), and Zhu and
Rivera (2002), respectively for strong ground motion, telesismic and geodetic data. Figure 6 shows
the final slip distribution obtained by the join inversion.

141°  142°  143° 144°
Figure 6. Projection of the final slip distribution on the Tohoku area map obtained by join inversion
of strong ground motion teleseismic and geodetic data. (After Koketsu et al., 2011)
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2.7 Join inversion of teleseismic and high rate GPS data of Ammon et al. (2011) (Amm)

The Amm source model invert teleseismic P waves and broadband Rayleigh wave observations with
high-rate GPS recordings. 39 P waveforms, 31 Rayleigh wave (R1) relative source time functions
(RSTFs) and 15 three component of GPS (hrGPS) ground motion signals were used. Teleseismic P
and R1 waveforms were obtained from the Federation of Digital Seismic Networks through the
Incorporated Research Institutions for Seismology (IRIS) data center. The hrGPS data were made
available by JPL, using GPS recordings collected by the Geospatial Information Authority (GSI) of
Japan. Instrument effects were removed from the P waveforms to produce displacements
seismograms. The hrGPS observations were provided in units of displacement. A single dipping
planar fault with dip angle of 12° has been used. The slip model (digital data) has been retrieved
from the SRCMOD database (http://equake-rc.info/SRCMODY/). This SRCMOD database shows that
a fault size of 600 km along strike and 210 km along dip were assumed. The hypocenter is located at
latitude: 38. 3°N, longitude: 142.34°E, and 28.04 km depth. The fault is discretized in 560 subfaults
of 15 km x 15 km dimensions, distributed with 40 subfaults along strike and 14 along dip. A one-
layer rigidity structure of 34.6 GPa has been used in the inversion. But in order to make more realistic
the calculation in this project, the 1-D velocity structure shown in Table 2 was used for calculation
of static stress drop. Figure 7 shows the final slip distribution obtained by the join inversion.
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Univorsities @ March 2011 Main & Aftershocks 50

.0 25
41° | e——————
6000 -4000 -2000 O 2000 (—9/,0 Magnitude ‘ o

.0
Bathymetry/Elevation (m) 0 50 100 150

5.0
{ l > .
1

40°+°

39°+

38°+

37° g

92 mm/yr

36° " o

¢ ® Pacific

: Ocean
35° 14+

s

D 20 30 40

& Slip(m)
34° .

140° 142° 144° 146°

Figure 7. Projection of the final slip distribution (contours) on the map. Inverted triangles indicate
hrGPS stations. Red circles are foreshocks and aftershocks distribution (After Ammon et al., 2011).
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2.8 Teleseismic inversion of Yagi and Fukahata (2011) (Yagi)

The Yagi source model inverted teleseismic P-wave data recorded at 51 broadband network stations.
Observed waveforms were shifted so that first arrivals aligned with the first break at the hypocenter
and then converted into velocity waveforms with a sampling interval of 1.2 s. The waveforms passed
a Butterworth band pass filter between 0.001 and 0.38 Hz. A single dipping planar fault with dip
angle of 12° has been used. The slip model (digital data) has been retrieved from the SRCMOD
database (http://equake-rc.info/SRCMODY/). This SRCMOD database shows that a fault size of 500
km along strike and 200 km along dip were assumed. The hypocenter is located at latitude: 38. 103°N,
longitude: 142.86°E, and 22 km depth. The fault is discretized in 560 subfaults of 20 km x 20 km
dimensions, distributed with 25 subfaults along strike and 10 along dip. A one-layer rigidity structure
has been used in the inversion. Values of the rigidity is not available. But in order to make more
realistic the calculation in this project, the 1-D velocity structure shown in Table 2 was used for
calculation of static stress drop. Figure 8 shows the final slip distribution obtained by the teleseismic
inversion.
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Figure 8. Map view of inverted total slip distribution. The black circles are the first three-days
aftershocks. The top left inset shows the moment-rate function of the mainshock, and the insets of
the other corners show the slip-rate function at each space patch. The star represents the epicenter of
the main shock . Red triangles indicate strong motion stations (After Yagi and Fukahata, 2011). More
description of the figure please see Fig. 1 of Yagi and Fukahata (2011).
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2.9 Teleseismic inversion of Lay et al. (2011) (Lay)

The Lay source model is obtained from least-squares inversion of teleseismic P-wave data. The data
set used is comprised of 38 teleseismic broadband P-wave ground motions from stations, wth
epicentral distances greater than 50°, of the Federation of Digital Seismic Networks (FDSN), accessed
through the Incorporated Research Institutions for Seismology (IRIS) data center. Inversion is
constrained with P-waves long periods weaveforms out to ~80—-120 s. A single dipping planar fault
with dip angle of 10° has been used. The slip model (digital data) has been retrieved from the
SRCMOD database (http://equake-rc.info/SRCMOD/). This SRCMOD database shows that a fault
size of 380 km along strike and 200 km along dip were assumed. The hypocenter is located at latitude:
38. 147°N, longitude: 142.915°E, and 17 km depth. The fault is discretized in 560 subfaults of 20 km
x 20 km dimensions, distributed with 19 subfaults along strike and 10 along dip. A 1-D velocity
structure (Table 3) was used for the inversion. Figure 9 shows the final slip distribution obtained by
the teleseismic inversion.

Table 4. Velocity-structure model used in the source inversion of Lay source model

Depth (km) Vp (m/s) Vs (m/s) Density (kg/m?)
0-4 4400 2510 2000
4-14 6000 3460 2600
14-30 6700 3870 2900
30-half space 7700 4500 3300

41° 1 -6000 -4000 -2000 O 2000
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40°
39°
38° |
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36|
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340° "y 4
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Figure 9. Map of the 11 March 2011 Tohoku great earthquake slip model. The yellow dashed curve
indicates the position of the trench deep. White arrows indicate the relative plate motion of the Pacific
plate, holding the Japan mainland fixed (After Lay et al., 2011)
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3. Methodology

The general procedure for the calculation of stress drop distribution and stress drop parameters is
schematically described in the flow chart of Figure 10. Each step is described in the following sub-
sections

Original slip model from inversion discretized
with rough grid elements (subfaults)
¥
Interpolation of slip model to a high
resolution with grid elements of 0. 5km

R =

Smoothing of slip model
Calculation of static stress drop distribution

Slip model is introduced as boundary condition on the fault represented by the split-node

technique and solve the elastostic equation in a 3D volumetric model that content the fault

Data
pre-processing

Definition of effective
L} fault dimensions based

on slip distribution Estimation of stress drop parameters Data

. 4 on effective fault dimension post-processing
Definition of asperity
area based on slip
distribution

Figure 10. Flow chart that schematical describe the steps for the calculation of stress drop parameters

3.1 Pre-processing of data

The grid resolutions (subfaults) of the original kinematic source inversion models vary in the range
of 12km to 30km. These models are converted to high resolution grid by interpolating the slip. A
linear interpolation method from the matlab tool is used. The high-resolution grid for all the models
is of 0.5km in each direction. This resolution provides slip distributions for more accurate estimation
of asperity areas and locations. The interpolated slip model still conserves sharp components that
introduce abrupt discontinuities on the slip distribution. This sharp slip may produce strong numerical
singularities during stress change calculation that can compromise the values of the calculated stress
drop. In order to remove these sharp components, the kinematic slip is low pass filtered using the
moving average technique with a window of 10km radius. Figure 11 shows an example of the Yos-
Y source model, in which slip profiles along strike at different distance down dip are compared with
original interpolated kinematic slip model (right side of Figure 11). The high-resolution smoothed
model provides very smooth slip distributions appropriate for stress change calculations. Figures 12
to 20 show the original slip source model from the inversion, the interpolated and smoothed slip
model of the total slip, dip and strike component respectively for all 9 kinematic slip models used in
this project and described in the previous section and listed in Table 1.
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Figure 11. Yos-Y source slip model. (left) interpolated and smoothed. (right) comparison between
interpolated and smoothed slip profiles a long strike at different down dip distances.

Slip Model, Strong Motion inversion (Yoshida K. et al.,2011)
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Figure 12. Yos-K source slip model distribution (total, strike and dip component). (left) Original
from source inversion. (middle) interpolated. (right) smoothed.
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Slip Model, Strong Motion inversion (Yokota et al.,2011)
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Figure 13. Yok source slip model distribution (total, strike and dip component). (left) Original
from source inversion. (middle) interpolated. (right) smoothed.

Slip Model, Strong Motion inversion (Suzuki et al., 2011)
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Figure 14. Suz source slip model distribution (total, strike and dip component). (left) Original from
source inversion. (middle) interpolated. (right) smoothed.
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Slip Model, Strong motion inversion (Yoshida Y. et al.,2011)
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Figure 15. Yos-Y source slip model distribution (total, strike and dip component). (left) Original
from source inversion. (middle) interpolated. (right) smoothed.

Slip Model, Strong Motion inversion (Koketsu et al., 2011)
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Figure 16. Kok-s source slip model distribution (total, strike and dip component). (left) Original
from source inversion. (middle) interpolated. (right) smoothed.
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Slip Model, Join inversion (Strong Motion, Teleseismic, Geodetic) (Koketsu et al., 2011)
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Figure 17. Kok-j source slip model distribution (total, strike and dip component). (left) Original
from source inversion. (middle) interpolated. (right) smoothed.

Slip Model, Join inversion (Teleseismic, high rate GPS) (Ammon et al.,2011)
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Figure 18. Amm source slip model distribution (total, strike and dip component). (left) Original
from source inversion. (middle) interpolated. (right) smoothed.
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Slip Model, Teleseismic inversion (Yagi and Fukahata, 2011)
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Figure 19. Yagi source slip model distribution (total, strike and dip component). (left) Original
from source inversion. (middle) interpolated. (right) smoothed.

Slip Model, Teleseismic invesrion (Lay et aI ., 2011)
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Figure 20. Lay source slip model distribution (total, strike and dip component). (left) Original from
source inversion. (middle) interpolated. (right) smoothed.
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3.2 Technique of static stress drop calculation

Final shear-stress is locally computed via the elastostatic equations using the final distribution from
kinematic inversion as a boundary condition on the fault plane. This is achieved by applying a 3-D
finite difference method that uses the traction-at-split-node method (Day et al., 2005, Dalguer and
Day, 2007; Dalguer, 2012). Calculations have been developed using the generalized Finite Difference
Method (FDM) scheme code developed by Ely et al. (2008, 2009) that can utilize structured
hexahedral grids to mesh irregular geometry following a second-order accurate support operator
scheme (e.g., Shashkov, 1996) with the capability to model general fault geometry and topography.
The code is parallelized, using Message Passing Interface (MPI), for multiprocessor execution, and
is highly scalable, enabling large-scale earthquake simulations. The code, originally developed to
solve the 3-D elastodynamic equations (Equations 1-3) for spontaneous dynamic rupture simulation,
has been modified to introduce the kinematic slip as boundary condition on the fault, allowing the
calculation of the shear stress change kinematically constrained (e.g. Causse et al., 2013). Viscous
damping terms in the form of Kelvin-Voigt proportional to the strain-rate components were originally
introduced in the equations as a device to suppress short-wavelength oscillations. Then, the linearized
3-D equation of motions as represented by Ely et al. (2008, 2009) are given by

9,1 = p~Vo (1)
o = Atrace(g)l +u(g+gh) (2)
g =V(u+yua) 3)

Where o is the stress tensor, u and u are respectively the displacement and velocity vectors, p is
density, A and u are elastic moduli and v is viscosity introduced to artificially damp the system.

As mentioned before, the viscous damping term was originally introduced to regularize the numerical
solution of the elastodynamic problem, rather than to represent a physical damping (e.g. Day et al.,
2005; Dalguer and Day, 2007; Ely et al.2008, 2009). For the static problem preformed in this project,
the same set of Equations 1-3 of the dynamic problem is essentially used, except that the damping
terms are used so that the velocities are damped out to achieve faster convergence to the static solution.
Similar procedure to perform static simulations has been done by for example Oglesby and Day
(2001). These authors developed static simulations for the 1999 Chi-Chi (Taiwan) earthquake. For
the purpose of calculation of the static shear stress, initially the fault is excited dynamically with
impulsive slip velocity functions consistent with the final slip of the kinematic source model, then
the propagated waves are forced to quickly be dumped, remaining the static deformation to solve the
elastostatic equation at the final computation. Detail description of the stress drop formulation acting
on the fault plane is described as follow.

Split-nodes fault representation for calculation of stress drop

The fault represented by split-nodes (Day et al., 2005, Dalguer and Day, 2007; Dalguer, 2012) in the
numerical model is shown in Figure 21. As shown in this figure, a given fault plane node is split into
plus-side and minus-side parts. The two halves of a split node interact only through a traction (T)
acting on the interface between them (e.g. Day et al., 2005). The lumped nodal elements that take
portions of the of Equations 1-3 are represented by the nodal forces acting at the respective half nodes.
The plus-side and minus-side nodes then have respective concentrated masses M™ M, and experience
respective elastic restoring forces, R” and R™ These forces represent the stress divergence terms in the
equations (1-3) but are partitioned into separate contributions from each side of the fault plane. The
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equation of motions at a given split node approximated by central time differencing at time ¢ and
integrated to estimate the nodal velocity and displacement components are:

wt (e 45) = ut (¢ - 5) + 52 (RE® £ AIT° - T (4)

where At is the time step, A is the area of the fault surface associated with the given split done, 7 is
the fault plane shear traction (absolute value of stress acting on the fault) and 77 is the initial stress.
Then the slip velocity is given by

A =ut —u (5)

Equations 4 and 5 are usually solved to evaluate the shear traction T against friction for spontaneous
dynamic rupture simulations (e.g. Day et al., 2005, Dalguer and Day, 2007; Ely et al., 2009; Dalguer,
2012). But since the slip velocity is known as a boundary condition on the fault, the stress change
(stress drop) caused by the input slip can be calculated as follow.
The stress drop at time ¢ is given by

Ac(t) =T —T(¢t) (6)
Combining equations 4, 5 and 6, the stress drop is then given by

e [ae (o A . At ot st o—
M* M~ [na(t+5)-pu(e-S) | -At (MR -M*R™)
AtA(M*T+M™)

Ao(t) = (7)

The static stress drop is therefore the value at the final computation time when cease the dynamic
motion remaining the static deformation in the system surrounding the fault.

(j//(; //) X
’ k> N zﬁ ’

0+1/2,k+1,4:’2,1+1/2) &)
63 Fault plane ()

Figure 21. Split node geometry to represent the fault illustrated for two cubic unit cells of the finite
difference discretization. Mass (M”) is split, and separate elastic restoring forces (R*) act on the two
halves. The two halves of a split node interact only through shear and normal tractions (T) at the
interface.

ff-21



3.3 Effective fault dimension

One specific feature of the source inversion procedure relevant for the definition of asperities and
average calculations of stress drop that will be described in the next sub-section is the definition of
the effective fault dimensions. The final models of source images may result in unnecessary areas
that content superfluous low or zero slip at the fault edges. This usually occurs because prior to the
inversion calculation the fault dimensions are assumed and they can be too large. In order to correct
for it, the source rupture models are trimmed to estimate the effective source dimensions. The
trimming procedure proposed by Thingbaijam and Mai (2016) that is an extension of the approach of
Mai and Beroza (2000) is used. This trimming procedure basically consists in the estimation of
effective length and width of the fault from the corresponding autocorrelation widths along-strike and
down-dip direction of the slip distribution. The slip distribution is described in term of an auto-
correlation function (ACF) with the correlation lengths, then an iterative process determines the
largest dimension that fits the autocorrelation width, so that the difference between the two is less
than or equal to the fault size (Thingbaijam and Mai, 2016). Figure 22 shows an example of a trimmed
source slip models, in which the effective dimensions are calculated.
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Figure 22. Example of a kinematic fault rupture model, in which the effective source dimensions
(thick lines) are estimated by adjusting the autocorrelation width of slip summed along dip uc; and

strike uex (lighter lines) (After Thingbaijam and Mai 2016)

3.4 Asperity Definition

The asperity is located at the effective source dimension and defined as a region in the fault in which
the slip (D) exceeds a specified threshold. There are several criteria to define asperities based on the
slip distribution (e.g. Somerville et al., 1999; Mai et al., 2005; Dalguer et al., 2004, 2008). In a
previous ORI project, Dalguer (2020) described and compared different criteria for set of surface-
rupturing earthquakes and found that the criterium of Dalguer et al. (2004, 2008) produces stable
solutions to identified concentrated patched of large slip. This approach is based on simplified
dynamic rupture simulations, in which asperity is defined as the areas in which slip satisfies relation
D = 0.6D,,,,, where Dmax 1s the maximum slip of the entire fault rupture area. Figure 23 shows an
example of the asperity location of the Yos-Y source slip model.
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Figure 23. Asperity location (white line) at the effective fault area (black dashed line) for the Yos-
Y source slip model. Red star indicates the hypocenter.

4. Stress drop calculation

In this section the result of the static stress drop calculation and estimation of stress drop parameters
such as average and maximum values are presented for all the 9 kinematic source inversion models.
The methodology follows the flow chart represented in Figure 10 and steps described in the previous
section. Since the rupture process of the 2011 Tohoku earthquake reached the seafloor, as
demonstrated by several authors (e.g. Brodsky et al., 2020), the calculation of the stress drop
distribution has been developed assuming a surface-rupturing earthquake. The summary of the stress
drop parameters obtained from the effective fault area, such as average values on the fault, on the
asperity, on the background the asperity, at the shallow zone (20 km wide along dip) and maximum
stress drop are presented in Table 5. For completeness, this table also includes short-period levels as
defined by Dan et al. (2001, 2015), the corresponding values of the slip, as well as general information
of the source slip models and rupture area (effective, asperity and high stress drop area). This
summary of stress drop and slip are represented in Figure 24 in the form of bar plots for each
parameter and each source model. Figures 25 to 33 show images of the static stress drop and final
slip distributions respectively for the 9 kinematic slip models. In each model, the asperity and
effective fault area are specified.

As seen in the summary plot of stress drop (Figure 24), there are some clear distinction between
source models that use strong ground motion for the inversion (Yos-K, Yok, Suz, Yos-Y, Kok-s, Kok-
j) and those that do not use (Amm, Yagi, Lay). The latter generate larger average values of stress
drop and slip of the total effective rupture area, asperity and background. For the average of the
shallow zone and maximum values of stress drop, no clear distinction between these two groups.
Nevertheless, there are two remarkable features of the average stress drop at the shallow area,
independent of the inversion dataset. One group content negative stress drop (Yok, Kok-s, Kok-j,
Amm), the rest have positive stress drop, some of them comparable to the average stress drop of the
asperity. The models with negative stress drop at the shallow zone is consistent with the concept of
weak-shallow layer (SL). This concept says that the rupture in the SL zone may operate in a
distinctive manner from the rest of the fault (e.g. Dalguer et al, 2019). This is due to the formation of
incompetent fault gouge, cracking and other forms of brittle rock damage (e.g., Marone, 1998;
Marone and Scholz, 1988; Scholz, 2002). This damage zone can be accumulated during the lifetime
of a fault. The main feature of this SL zone is that it operates during rupture with an enhanced energy
absorption mechanism. This feature of SL zone can also be visualized in the corresponding stress
drop and slip images of the mentioned models with negative stress drop (Figures 26, 29, 30, 31).
These models have also the lowest average values of slip at the SL zone (bottom of Figure 24). The
rest of the models have in general concentration of slip and stress drop at the shallow zone.
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Table 5. Summary of stress drop and slip parameters and general information of the source models

Parameters . .
Yos-K | Yok Suz Yos-Y Kok-s | Kok-j | Amm Yagi Lay
\ Model
Mw 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.11 9.0
Mo 4.3e22 4.2e22 4.42¢e22 4.3e22 3.4e22 3.8e22 3.9¢e22 5.75e22 3.55e22
Hypo Lat. | 38.103 | 38.103 38.1 38.103 38.103 | 38.103 | 383 38.103 | 38.147
Hypo Lon. | 142.861 | 142.861 | 142.85 142.861 | 142.86 | 142.86 | 142.34 142.86 142.915
Hypo 237 17.0 24.0 23.74 17.0 17.0 2804|220 17.0
Depth (km)
HVPO along 198 195.0 225.0 2125 195.0 195.0 184.57 190.0 170.0
strike (km)
Hypo along |, 75.0 75.0 62.5 450 | 45.0 130.05 | 80.0 90.0
dip (km)
Effective
161.5 160.0 146.5 122.5 143.5 142.5 163.5 167.5 165.0

Width (km)
Effective | ¢ 3470 3995 | 4265 | 3850 |3380 |3055 1515 | 2925
length (km)
Effective

2 65892.0 | 55520.0 58526.75 | 52246.25 | 55247.5 | 48165.0 | 49949.25 | 58876.25 | 48262.5
Area (km)
Asperity

> | 63315 | 12841.75 | 6624.25 | 13853.25 | 8450.75 | 8861.0 | 15475.25 | 10796.25 | 4461.5
Area (km)
High Stress
Drop Area | 25985 | 5459.75 | 3309.75 | 5891.25 | 3838.50 | 4420.5 | 854525 | 464125 | 2506.5
(km’)
D 14.47 13.54 14.7 14.1 10.15 12.53 17.98 18.67 21.07
Dasp 32.97 25.62 36.94 27.88 19.75 24.78 31.93 39.65 46.71
Dy 12.51 9.925 11.88 9.16 8.43 9.79 11.76 13.98 18.47
Ds 24.66 11.53 26.62 19.41 7.98 8.75 7.98 24.92 38.72
Dmax 46.17 33.1 47.7 35.00 26.55 33.15 40.00 49.9 62.4
Ao 1.99 2.21 1.91 2.35 2.12 2.56 3.69 3.12 4.18
AO‘asp 947 7.95 9.17 7.52 6.78 8.66 11.41 8.82 15.31
Aoy 1.20 0.5 1.0 0.5 1.28 1.19 0.25 1.85 3.05
AO‘S 6.05 -2.38 6.97 3.35 -14 -2.48 -4.27 2.68 13.39
Aamax 21.51 20.16 17.25 24.78 17.981 19.45 18.67 17.32 27.53
Aasp ) 7.0e19 9.5¢19 7.0e19 9.2e19 6.5¢19 8.2e19 1.4e20 8.8e19 9.8¢19
(N-m/s%)
Aqgy 5 1.1e20 | 1.1e20 8.5¢19 1.0e20 9.2¢19 | 1.1€20 | 1.5€20 1.2¢20 1.5e20
(N-m/s%)

* D and Ao are respectively average values of slip (m) and static stress drop (MPa) on the effective
rupture area. The subscripts asp, b and s, indicate the average values respectively at the asperity,
background asperity and shallow zone (first 20km dip). The subscript max indicates the maximum
values on the effective rupture area. A4 is the short-period level as defined by Dan et al. (2001,2015)
and the corresponding subscripts asp and eff are respectively the 4 from asperity and effective area.
The high stress-drop area corresponds to the area in the asperity, in which stress drop is larger than
the average stress drop of the asperity (Agys))
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Figure 24. Summary of stress drop (top) and slip parameters(bottom) estimated for the 9 kinematic
source inversion models
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Strong Motion inversion (Yoshida K. et al.,2011)

Sli [m]
0 P
40
50
B 30
=3
- 100
£
% 20
A; 150
10
200
0
0 50 100 150 200 250 300 350 400 450
Along strike (km)
[MPa]

Stress Drop

0 50 100 150 200 250 300 350 400 450
Along strike (km)

Figure 25. Smoothed slip (top) and calculated static stress drop (bottom) distribution for the Yos-K
source model. Asperity location and effective fault area are denoted, respectively, by white line and
black dashed line. Red star indicates the hypocenter.

Strong Motion inversion (Yokota et al.,2011)
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Figure 26. Smoothed slip (top) and calculated static stress drop (bottom) distribution for the Yok
source model. Asperity location and effective fault area are denoted, respectively, by white line and
black dashed line. Red star indicates the hypocenter.
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Strong Motion inversion (Suzuki et al., 2011)
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Figure 27. Smoothed slip (top) and calculated static stress drop (bottom) distribution for the Suz
source model. Asperity location and effective fault area are denoted, respectively, by white line and
black dashed line. Red star indicates the hypocenter.

Strong Motion inversion (Yoshida Y. et al.,2011)
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Figure 28. Smoothed slip (top) and calculated static stress drop (bottom) distribution for the Yos-Y
source model. Asperity location and effective fault area are denoted, respectively, by white line and
black dashed line. Red star indicates the hypocenter.
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Strong Motion inversion (Koketsu et al., 2011)
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Figure 29. Smoothed slip (top) and calculated static stress drop (bottom) distribution for the Kok-s
source model. Asperity location and effective fault area are denoted, respectively, by white line and
black dashed line. Red star indicates the hypocenter.

Join inversion (Strong Motion, Teleseismic, Geodetic) (Koketsu et al., 2011)
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Figure 30. Smoothed slip (top) and calculated static stress drop (bottom) distribution for the Kok-j
source model. Asperity location and effective fault area are denoted, respectively, by white line and
black dashed line. Red star indicates the hypocenter.
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Join inversion (Teleseismic, high rate GPS) (Ammon et al.,2011)
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Figure 31. Smoothed slip (top) and calculated static stress drop (bottom) distribution for the Amm
source model. Asperity location and effective fault area are denoted, respectively, by white line and
black dashed line. Red star indicates the hypocenter.

Teleseismic inversion (Yagi and Fukahata, 2011)
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Figure 32. Smoothed slip (top) and calculated static stress drop (bottom) distribution for the Yagi
source model. Asperity location and effective fault area are denoted, respectively, by white line and
black dashed line. Red star indicates the hypocenter.
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Teleseismic invesrion (Lay et al., 2011)
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Figure 33. Smoothed slip (top) and calculated static stress drop (bottom) distribution for the Lay
source model. Asperity location and effective fault area are denoted, respectively, by white line and
black dashed line. Red star indicates the hypocenter.

5. Conclusions and discussions

The static stress drop distributions of 9 kinematic source inversion models for the 2011 Tohoku
earthquake have been calculated. Five source models were inverted by strong ground motion dataset,
one by join inversion of Strong Motion, Teleseismic and Geodetic data, one by join inversion of
Teleseismic and high-rate GPS data and two by Teleseismic data. Overall, the 9 kinematic source
model have the common feature of having a large patch of slip at the shallow zone, identified as
asperity. This patch also matches with the concentrations of stress drop.

In all the models, stress drop distribution is more heterogeneous than the slip distribution, as can be
seen in Figure 25-33. This level of heterogeneity is expected, as the stress is proportional to the partial
derivative of the slip with respect to space when solving the elastostatic equations, therefore the
shortest wavelengths of stresses are distributed on the fault. Due to this physical feature, it is
important to avoid artificial sharp discontinuities of slip, usually present in kinematic source inversion
model. For this reason, the kinematic slip model has been smoothed to remove those sharp
components. But the smoothness of the slip does not remove the artificial strong discontinuities at
the fault boundaries present for the numerical simulations. This may create singularities of stress. In
fact, this is the case of almost all the models. As seen the static stress drop distribution in Figure 25-
33, the artificial borders (left, right and bottom) of the fault are dominated by high stress drop. As
mentioned before, they are singularities originated during calculation due to the strong discontinuities
of slip at the borders, as such these high values of stress drop are artificially generated and do not
need to be considered for the analysis. The definition of the effective fault area prevented to use most
of the artificial high stress drop (see Figure 25-33) in the analysis. All the evaluation of stress drop
has been developed from values within the effective area.
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All the kinematic source inversion models used in this study do not consider surface-rupturing, that
is, it was assumed that the fault did not reach the seafloor. But it is well accepted by the scientific
community that the fault rupture of this earthquake reached the seafloor, as demonstrated by several
authors (e.g. Brodsky et al., 2020). Therefore, in order to develop a more realistic analysis, the
calculation of the stress drop distribution has been developed assuming a surface-rupturing
earthquake.

From the analysis of stress drop distribution on the fault, de following features have been identified:
-The kinematic source models that do not use strong ground motion for the inversion generate larger
average values of stress drop and slip of the total effective rupture area, asperity and background.
-For the average of the shallow zone and maximum values of stress drop, there are no clear distinction
between models that use and not use strong ground motion dataset.

-One remarkable features of the average stress drop at the shallow area, independent of the inversion
dataset have been identified. Four models (Yok, Kok-s, Kok-j, Amm) are characterized with negative
stress drop dominating the shallow-layer zone. The rest have positive stress drop, some of them
comparable to the average stress drop of the asperity. The models with negative stress drop at the
shallow zone is consistent with the concept of weak-shallow layer (SL). The main feature of this SL
zone is that it operates during rupture with an enhanced energy absorption mechanism (e.g. Dalguer
etal., 2019).

-The ratio of average stress drop between background and asperity ( Agy, /A6 44p) varies in the range
of around 0.05 to 0.2 (Figure 34). Considering all the 9 source models, the mean is 0.1. These
estimations are very consistent to the ratios proposed by Dalguer et al. (2008) for models with one
asperity consistent with the empirical model proposed by Somerville et al. (1999). The latter authors
analyzed kinematic images from source inversions of past earthquakes and proposed two key
statistical properties: (1) the average of combined asperity area is 0.22 times the total rupture area
and (2) the ratio between the average asperity slip and average total slip is 2.0. These statistical
properties proposed by Somerville et al. (1999) are also consistent with the kinematic slip models
evaluated here. Figure 35 shows the ratio between the average asperity slip (Dasp) and average total
slip (D) of the effective are, in which values are around nearly 2 with mean value of 2.1 considering
the 9 kinematic models. Similarly, Figure 36 shows the ratio between asperity area and total effective
rupture area. Values varies between 0.1 and 0.3, with mean value of 0.2 considering all the models.
These ratio properties of asperity indicate that the 2011 Tohoku earthquake is a typical earthquake in
statistical sense.

-The ratio of high stress-drop area and asperity area varies in the range of 0.41 to 0.56 with a mean
of 0.5 (Figure 37). Therefore, high-stress-drop area within the asperity covers around 50% of the
asperity area. The definition of high stress-drop area within the asperity is assumed when the stress
drop is larger than the average stress-drop of the asperity.

-The short-period level (4) as defined by Dan et al. (2001 and 2015) has been also calculated for each
model (see table 5). Following Equation 24 of Dan et al. (2001), in which the total 4 is the square
root of the summation of the square of each fault element 4., two values of 4 have been calculated:
one from the asperity area (A4asp) and another from the total effective fault area (A4¢p). Since the square
of each An, calculated, only elements with positive stress drop have been considered. Figure 38 shows
the 4 values for each model. In average, considering the 9 models, 4ap= 8.9¢19 N-m/s? and A=
11.4e19 N-m/s%. This suggest that the asperity contributes with around 80% to the short-period level.
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