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e Taiwan is formed by a collision
between the Philippine Sea plate
and the Eurasian continental
margin.

* In the last 20 years, numerous
large hazardous earthquakes had
caused remarkable damages with
considerable casualties.
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* |tis therefore an important
scientific mission to understand
the hazardous earthquakes by
using high resolution, advanced
numerical simulation techniques.

Block diagram showing arc-continent collision and tectonic setting of Taiwan
(by CHANG,2001)
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Performance development of Top 500 2016-2017 #1: Sunway TaihuLight (%$J§JZ-?(;$HZ§‘6)

10 EFlop/s I ‘ e N . ‘
1 EFlop/s 11/2017: #1 = 93.0 PFlop/s - :
Ty
100 PFlop/s Aa Al e
- — = __. o ——
/:_—___‘-:‘—_ ‘___- - __" -/;/
10 PFlop/s T A

1 PFlop/s

100 TFlop/s

10 TFlop/s

Performance

Site: National Supercomputing Center in Wuxi

1 TFlop/s Manufacturer: NRCPC

Cores: 10,649,600
100 GFlop/s
Memory: 1,310,720 GB
10 GFlop/s Processor: Sunway SW26010 260C 1.45GHz

Interconnect: Sunway

1 GFlop/s "

Performance

Linpack Performance [Rmax) 93,014.6 TFlop/s

100 MFlop/s

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 Theoretical Peak (Rpeak] 125,436 TFlop/s

Time (year)
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Performance development of Top 500
10 EFlop/s

Application Area Performance Share

1 EFlop/s 11/2017: #1 = 93.0 PFlop/s

@ Not Specified
@ Research

@ Energy

@ Benchmarking
@ Defense

@ Aerospace

100 PFlop/s
10 PFlop/s
1 PFlop/s i

100 TFlop/s

10 TFlop/s

Performance

1 TFIop.Fs Application Area Count System Share (%) Rmax (GFlops) Rpeak (GFlops) Cores

Mot Spacified 478 856 613,068,057 953,033,090 34596574
R ch 1 28 123,105, 79 164,503, 12,807 444
100 GF'OPIS Bsear 4 23,105,793 585 4
Energy 3 0.8 2,613,329 3,156,903 142 568
Benchmarki 2 04 2,017 45¢ AT0,761 75,804

10 GFlop/s Iverong AR
Defense 0.2 1,050,000 1,254,550 138,368

Aerospace . 5,951,550 7,107,149 241,108

1 GFlop/s "

‘Weather and Climate
Research

565,700 715,981 77,824

100 MFlop/s
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Time (year)



Performance

10 EFlop/s

1 EFlop/s

100 PFlop/s

10 PFlop/s

1 PFlop/s

100 TFlop/s

10 TFlop/s

1 TFlopls

100 GFlop/s

10 GFlop/s

1 GFlop/s

100 MFlop/s

1994 1996

1998

2000

2002 2004 2006 2008 2010 2012 2014 2016

Time (year)
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2002-2004 #1: Earth Simulator

Site:

System URL:
Manufacturer:
Cores:
Memory:
Processor:
Interconnect:
Performance

Linpack Performance [Rmax]

Theoretical Peak [Rpeak]

\ W—

5,120

MNEC 1GHz

Multi-stage crossbar

35.86 TFlop/s

40.96 TFlop/s

dex. hitml




Performance

I

1996 #1: CP-PACS/2048
. | ——
1 EFlopls €| g %
100 PFlop/s L= d"’
10 PFlopls
1 PFlopls
100 TFlop/s
10 TFlopls

11/1996: #1 = 368.2 GFlop/s
1 TFlupra =

Site: Cenler for Computational Sc

Zenfone (3]

A Ak Manufacturer: Hitachi/Tsukuba

100 GFlopls **
A Cores: 2,048

Memory:
10 GFlop/s
Processor: HARP-1E 150MHz

Interconnect: Hyper crossbar
1 GFlop/s "
L Performance

Linpack Performance [Rmax) 0.3682 TFlop/s
100 MFlop/s ?

Theoretical Peak [Rpeak) 0.6144 TFlopfs

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Time (year)
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1997 #1: ASCI/Red

10 EFlop/s

1 EFlop/s
100 PFlop/s
10 PFlop/s
1 PFlop/s

100 TFlop/s

10 TFIoP/ 06/1997: #1 = 1.1 TFlop/s | Site: Sandia National Laboratories
AA K
System URL: andia.gov

.-
o® Ak A

1 TFlop/s
A Manufacturer: Intel
u Ad AL &

100 GFlop/s Cores: 7.264

A
Memory:

10 GFlop/s Processor: Pentium Pro 200MHz

Intercennect: Proprietary

1 GFlop/s

Performance

100 MFlop/s Linpack Performance (Rmax] 1.068 TFlop/s

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Theoretical Peak (Rpeak) 1.453 TFlop/s

Time (year)
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10 EFlop/s

2002-2004 #1: Earth Simulator

1 EFlop/s

100 PFlop/s
Welcome to

10 PFlop/s

1 PFlop/s ; ThE Ea";th-gi':’j ﬂj:ﬂ.r
100 TFlop/s ' DN =
10 TFlop/s g oo

1 TFlopls

100 GFlop/s

10 GFlop/s

1 GFlop/s "

100 MFlop/s
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Time (year)
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Numerical Earthquake Model of the 2013 Ruisui earhtquake, TAIWAN

IES Green ClusSten

- 16 quad-process o,'l'
- 1024+ cores (MPI process
- 2048 Gb memory

Funded from

IES, AS, NSC, MOST |
4 projects (2008-2017%)
AS 102- Investigator Award- jz
MOST 103-2628-M-001-004:M

NSC 100-2628-M-001- Ogl [l
NSC 97-i628-|v|-0 1-0







Earthquake simulation - Source, Path and Site

’ e

Numerical source
model 1999 Chi-Chi earthquake S O U rC e

finite-fault
source model

- Point source parameters

for earthquake M <6 - M<6: Point source parameters

- Finite-faul del 3 ..

Fotengoatoni=g | | - M>6: Finite-fault source model

-I::;T;l:c:nd dynamic - Fault and seismogenic zone

- Kinetic and dynamic analyses

% J
f A .

Numerical structure Path d nd S|te

model

- Large-scale model

- Local velocity model

- Realistic topography

- Moho, plate boundaries

- Basin

- Sedimentary plain
... ete.

- Large-scale velocity model

- Local velocity model

- Surface topography

- Moho, plate boundary

- Basin, sedimentary plain, ... etc.

T
-
Numerical Earthquake Simulation
earthquake
simulation
o - ShakeMovie: 3D wave propagation
- ShakeMap - ShakeMap: PGA, PGV, Intensity map

- Synthetic waveforms
- Visualization

- Synthetic waveforms
- Visualization

Near real-time simulation & visualization
http://www.carth.sinica. edu.tw/~sjlee/res/index.him

12



A. Source representation

M < 6.0: Point source M > 6.0: Finite-fault source model
Broadband array in Taiwan for seismology:
http://bats.earth.sinica.edu.tw 1999 Chi-Chi earthquake (Mw7.6) source model
119°E 120°E 121°E ' 122°E i 123;°E
26°N ki 26°N

25N £ 25°N

a

—fd

Depth(km)

2I'N

1R : Lee et al. 2006

13


http://bats.earth.sinica.edu.tw/

B. Path & Site: Numerical velocity model

Spectral-element method mesh model

Large scale velocity model (Kuo-Chen et al., 2012)
Local structure model

- Surface topography (40m DEM
- Basin modF;I ?W:ng (et al 2001)1) N o 4?% N Vesh implementation
' 7 ¢ '522‘.?.‘;1%‘?-; s for the Taipei basin

Wp (krma)

Central Mountain e, o<
Range

e Western Plain

Longitudinal

Valley

T

Coastal
Range

o

Lee et al., 2008

&

PGA amplication
$ b 8 o 3 8 3 8

oy 14

& 1
Lee et al.,

2009



C. Realistic ground motion simulation

Mw6.5 Meinong Earthqauke, TAIWAN 03089 sSecC
2016/02/06 03:57:27.20
(120.544, 22.922) Aﬁiﬁ‘ ‘ ) ._ a\

Depth 14.64 km

Strike 281.0
Dip 24.0
Rake 24.0

0.37
"

»

2 1018
2

>  0.00
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2016 Meinong earthquake M6.6



2016 Meinong earthquake (M6.6)
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Joint source inversion
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Melnong- TAIWAN
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Data

* Teleseismic body wave (GSN)
* Local seismic data (CWB RTD, BATS, Palert)
* GPS coseismic displacement (CWB)



Joint source inversion

S
b * Teleseismic body wave (GSN)
e Local seismic data (CWB RTD, BATS, Palert)
e GPS coseismic displacement (CWB)

. e Multiple-time window (48 time window)
e Time window overlap 0.2s
e Max. rupture velocity 3.5 km/s

* Smooth in time & space

Damping at fault edge

Misfit: (Ax-b)?/b?2

Teleselsmic obs

Near-field ob:

———
f Y
—_—
° °

SHp on the subiault

Teleseismic: Kikuchi and Kanamori (1982)
e Local: 3D SEM (Komatitsch and Tromp, 2004)
e GPS: analytic expressions of Okada (1985)

——
GPS obs
[S—
L]

(N[)N

o
[
(-]
7
P =
o
o
-

Lee et al. (2013)



Teleseismic
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Depth (km)

Slip distribution

Slip on the fault plane Slip projected to the surface

1
20/1/6/02/06}
Meinong; TAIWAN

earthquake;
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e
s
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T
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-15 -10 -5 0] 5 10 15 20 25 30
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o

S1lip area (km**2): 630.0 120° 120.2° 120.4°
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Rupture process

Accumulated slip

Vr=2.8 km/s

Asperity

-10 0 10 20
Distance (km)
i r—— R
0 20 40 60 80 100

Source time function

14}

Asperity |

1.0

Asperity Il ]

08|

0.6

Moment rate ()(10“3 Nm/sec)

0.4

0.2

0.0
0] 2 4 6 8 10 12 14 16

Time (sec)

Total moment
7.53x10 Nm ~M,, 6.52



Rupture process

Accumulated slip

23z

23" |-
208 |-
: f - 3 5 3
Kilometers e
7 ———— A
y g, 5 10 \ , g,
208" B0 1 L | Erae el

120° 120.2° 120.4° 120.8"

Source time function
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1.0
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Total moment
7.53x10¥ Nm ~M,, 6.52



Spectral-element method mesh model

SEM mesh model

Large scale velocity model (Huang et al., 2014)
Local structure model

Surface topography (40m DEM)
Basin model (Wang, et al., 2004)
Vs30 (Kuo et al, 2012)

80 mm/yr Vs (m/s)

Philippine
Sea Plate 5000
3500

resolution of the mesh at the surface:

2000
spectral elements along X = 512
spectral elements along Y = 512
GLL points along X = 2049
GLL points along Y = 2049 500
average distance between points along X in m = 267.747711
average distance between points along Y in m = 321.630127

(Lee et al., 2015)

Topography effect

Lee et al., 2009

Mesh implementation
for the Taipei basin

PGA amplication

Ve

Lee et al., 2008

g
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Realistic ground motion simulation

Mw6.5 Meinong Earthgauke, TAIWAN _001 60 SeC

2016/02/06 03:57:27.20

(120.544, 22.922)
Depth 14.64 km

Strike 281.0
Dip 24.0
Rake 24.0

0.37
I 0.18
0.00

-0.18

N

Velocity (cm/s)

a2 EE i ERE

umerical Earthquake Model
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ShakeMap

The colored squares in (A)
indicate the norm of PGA
observations which were
compiled from the CWB 24-bit
Seismic Monitoring Network.
The observations were low-pass
filtered using a corner
frequency of 0.625 Hz to
compare with the simulated
ShakeMap determined by a
frequency of <0.625 Hz.



ShakeMap

Finite-fault

Double -couple
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Summary of Meinong earthquake

Joint source inversion result indicates that the rupture area is about
and the maximum slip is

The rupture was complex. At least are found on the fault plane.
At the first 8 seconds, Asperity | was developed in the area below
the hypocenter and . The second asperity was

found at the shallow part after 9 second.

The source time function shows several peaks that has a total duration of
about . The moment magnitude is

3D wave propagation simulation result indicates that the strong ground
shaking observed in Tainan could be caused by three factors: (a)
, (b) and (c)

Reference
Lee, S. J.*, T. Y. Yeh, and Y. Y. Lin, 2016. Anomalously large ground motion in the 2016 ML 6.6 Meinong, Taiwan, earthquake:
A synergy effect of source rupture and site amplification, Seismol. Res. Lett., doi: 10.1785/0220160082.



Lessons learned

Source Parameters of Five Recent Mod Earthquakes O Iin Taiwan (2013-2016)
Eanthquake Date Mugnitude Epicenter Depth Srike. Dip.  Maximum — Number of  ADistance  Stress Drop - Frequency
Events (yyyylmanydd) (M) (Longitde, Latinsde) (k) Rake () Ship (cm)  Asperity (km* (MPa) Band (He)
» A 20130327 Nantou 6.2 12105 °E, 2390 °N 194 355, 25,75 487 1 6.69 216 0.05-40.2
earthguake 1
B 20130602 Nantou 6.5 12097 °F, 2386 "N 14.5 2,29, 83 1067 1 9.54 295 0.05-0.2
carthquake 11
C 20N H 131 Ruisui 6.4 121.35 °E. 23,57 °N 150 209, 59, 51 102 2 120 390 0.05-0.2
T T T - carthquake
Stations used in the Taipei - e ¥ 4] 201504020 Eastern 6.4 12244 °E. 2402 °N 306 295, 26, 128 823 2 315 248 0.02-0.1
source inversion Basin - <X ot canhqualie
5 o~ E 2001602/06 Meinong 6.6 12054 °E, 2292 °N 0 146 281, 24, 24 120.2 2 12.37 249 005033
= - = carthquake
B even
25"
= eventB
= eventC
m eventD
= eventE
2013/03/2,
24.1° |
24" |5
7 0.8
239 [
0 Moment rate
(x10” dyne-cm/s)

20 "3

Y s 5 o *3

JJ'-A Slip (_cn-'|) ‘;
¥ \; 3 . o E:.lartaesian

ol 2 o e
4‘_,.“{,'“ -“-‘: =

123°

2.7

Slip (cm)

(Lee et al. 2015a)




L e S S O n S I e l r n e d Source Parameters of Five Recent Mod Earthquakes O Iin Taiwan (2013-2016)
Eanthquake Date

Mugnitude Epicenter Depth Srike. Dip.  Maximum — Number of  ADistance  Stress Drop - Frequency
Events v yylmadd) (M) iLonginsde, Latinade)  (km)  Rake (%) Slip fem)  Asperity (kmy* (MPa) Band (Hz)
A 201303727 Nantou 6.2 12105°E 2390 °N 194 355,25 75 487 1 6.69 2106 0.05-0.2
earthguake 1
» B 201 306802 Nantou 6.5 120097 %, 2386°N 145 2,29, %3 106.7 1 9.54 205 0.05-0.2
carthquake 11
C 20N H 131 Ruisui 6.4 121.35 °E. 23,57 °N 150 209, 59, 51 102 2 120 390 0.05-0.2
T T T - carthquake
Stations used in the Taipei A - e ¥ 4] 201504020 Eastern 6.4 12244 °E. 2402 °N 306 295, 26, 128 823 2 315 248 0.02-0.1
i i Basin ? N Y offshore carthquake
SPMIGRI LA ) ' ; D 20160206 Meinong 6.6 12054 °E 2292°N 146 281,24, 24 21 005033
- bl ¢ 1 N carthquake
3 even
25"
= eventB
= eventC
eventD
eventE
24° -
23° |
| 2016/02/06
74 i
] g -
| 2
&
=
22° I { d
\ I\'(\ o N o 10 20 30 40 50 80 70 80 90 100

120° 123° Slip (cm) (Lee et al. 2015a)



L e S S O n S I e | r n e d Source Parameters of Five Recent Mod Earthquakes O Iin Taiwan (2013-2016)

Eanthquake Date Mugnitude Epicenter Depth Srike. Dip.  Maximum — Number of  ADistance  Stress Drop - Frequency
Events fyyyylmaidd) (M) (longide, Latinsde)  (km) Rake (") Slpem)  Asperity Tkmy* (MPa) Band (Hz)
A 20130327 Nantou 6.2 12005°E, 2390 °N 194 355,25, 75 487 1 6.69 216 0.05-40.2
earthguake 1
B 201344802 Nantou 6.5 12097 °E, 2386 °N 145 2, 29,83 106.7 1 9.54 205 0.05-40.2
carthquake 11
» C 20N H 131 Ruisui 6.4 121.35 °E. 2357 °N 150 209, 59, 51 102 2 120 3090 0.05-0.2
T T T = carthquake
inei - - 4] 201504020 Eastern 6.4 12244 °E. 2402 °N 306 295, 26, 128 823 2 ils 248 0.02-0.1
Stations used in the Taipei  p ) el shore r
source inversion Basin ? S offshore carthquike
) f A E 2016M2/06 Meinong 6.6 12054 °E, 2292°N 146 281, 24.24 1202 2 12.37 249 005033
= - C ’(‘V’. carthquake
B even ~
25" £ =
= eventB gf.
~ Pt
= eventC —~ B
eventD
eventE

121.4°E,23.7°N
Dpeth 16.0 km
Strike 183°, Dip 45°, Rake 40°

Mw 6.2
4t i o
CWB earthquake report
. 121.348°E, 23.566°N
24 - Dpeth 14 98 km
Strike 209", Dip 59°, Rake 51°
6.42
23'
| 2016/02/06

Moment rate
(x10" dyne-cmis)

120° 121° 122° 123° (Lee et al. 2014)
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Lessons learned

T T

Stations used in the
source inversion

| B eventA
= eventB

= eventC
eventD

eventE

Taipei

Eurasian

Plate

i
-

.
L

w

ézan«/_/
i
~

S

Philippine
Sea

Plate

123°

Source Parameters of Five Recent Mod Earthquakes O 1in Taiwan (2013-2016)
Eanthquake Date Mugnitude Epscenter Depth Srike. Dip.  Maximum — Number of  ADistance  Stress Drop - Frequency
Events v yylmadd) (M) (Longinde, Latitude) — (km) Rake (%) Slip fem)  Asperity (kmy* (MPa) Band (Hz)
A 20130327 Nantou 6.2 12105 °E, 2390 °N 194 355,25, 75 487 1 6.69 216 0.05-40.2
earthguake 1
B 20130602 Nantou 6.5 12097 °F, 2386 "N 14.5 2,29, 83 1067 1 9.54 295 0.05-0.2
carthquake 11
C 20031031 Ruisui 6.4 12135 °E. 2357 °N 150 209, 59, 51 102 2 120 3.90 0.05-40.2
carthquake
» [¥] 201504/20 Eastern 6.4 12244 °E. 2402 °N 306 295, 26, 128 823 2 315 248 0.02-0.1
offshore carthquake
E 2001602/06 Meinong 6.6 12054 °E, 2292 °N 0 146 281, 24, 24 120.2 2 12.37 249 005033
carthquake
P v Fl F - ]
24.4 » s, 8

s

242

23.8°

122.2°

2015/04/20 i*
- "_"_Eastem offshore .
/ earthquake* :rc’m%‘

122.4°

2015/04/20
11:59:59
M,5.99

122.6° 122.8°

(Lee et al. 2015b)
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Lessons learned

Source Parameters of Five Recent Moderate Eanthquakes Occurred in Taiwan (2013-2016)

Stations used in the
source inversion

B eventA
event B
= eventC
eventD
eventE

Eanthquake Date Mugnitude Epscenter Depth Swrike. Dip. Moximum  Number of - ADistance  Stress Drop Frequency

Events (yyyylmanydd) My (Longinsde, Latinsde) (k) Ruke %)} Ship (cm)  Asperity (km)* (MPa) Band (Hz)

A 20130327 Nantou 6.2 12105 °E, 2390 °N 194 355,25, 75 487 1 6.69 216 0.05-40.2
earthguake 1

B 20132 Nantou 6.5 12097 °F, 2386 "N 14.5 2,29, 83 1067 1 9.54 295 0.05-0.2
earthquake 11

C 20131031 Ruisui 6.4 121.35 °E, 2357 °N 150 209, 59, 51 102 2 12.0 3.00 0.05-40.2
carthquake

4] 201504/20 Eastern 6.4 12244 °E. 2402 "N 306 295, 26, 128 823 2 315 248 0.02-0.1

offshore carthquake
. E 2001602/06 Meinong 6.6 12054 °E, 2292 °N 0 146 281, 24, 24 120.2 2 12.37 249 005033

carthquake

W
20,116/02/06j
Melnong-,I

getrlt-hquake
Tainan M@b@

Cnuqlty a

~
~
7
s
e

TAIWAN

T (276,22,20

N

,,!‘

GCMT (281,24.24)
¢ 4

228"
A a £ Kiomersts
E j =2 Slip (cm)
i 40 60 80 100 ‘
7. Brme
j y A i B 4 226
o i , 120° 1202 120.4° 1206° 120.8°
B |\\ oo L | f"j' P 1
120° 121 122° 123° (Lee et al. 2016)



Lessons learned
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Source Parameters of Five Recent Mod Earthquakes O 1in Taiwan (2013-2016)

Eanthquake Date Mugnitude Epicenter Depth Srike. Dip.  Maximum — Number of  ADistance  Stress Drop - Frequency

Events (yyyylmanydd) M) (Longinsde, Latinsde) (k) Rake (°} Ship fem)  Asperily (kmp* (MPay Band (Hz)

A 20130327 Nantou 6.2 12105 °E, 2390 °N 194 355, 25,75 487 1 6.69 216 0.05-40.2
earthguake 1

B 20130602 Nantou 6.5 12097 °F, 2386 "N 14.5 2,29, 83 1067 1 9.54 295 0.05-0.2
carthquake 11

C 20131031 Ruisui 6.4 121.35 °E. 23,57 °N 150 209, 59, 51 102 2 120 3.90 0.05-40.2
carthquake

4] 201504/20 Eastern 6.4 12244 °E. 2402 "N 306 295, 26, 128 823 2 315 248 0.02-0.1

offshore carthquake
E 2001602/06 Meinong 6.6 12054 °E, 2292 °N 0 146 281, 24, 24 120.2 2 12.37 249 005033

carthquake
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(Lee, 2017)




Lessons learned
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1935 Hsinchu-Taichung earthquake M7.1



1935 Hsinchu-Taichung earthquake
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1935 Hsinchu-Taichung earthquake
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Source rupture model
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rupture model




Source rupture model

Active faults (CGS)

1935 Hsinchu- R, o
Taichung earthquake
Fault plane projection
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Scenario earthquake

Ryukyu subduction zone earthquake M8.0+



Southernmost Ryukyu Subduction Zone
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Southernmost Ryukyu Subduction Zone

Taipei
metropolitan
area

Eurasian
Plate

Taichung
metropolitan
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Kaohsiung Kiga
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124°
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Fault plane setting
- Subfault size: 2.5x2.5 km?

- Total subfault: 3612
- Average strike 285.1°
- Average dip: 35.6




Slip distribution: CGPS inversion

» We use the CGPS data spanning
the time period from 2005 to 2010 to
infer the slip-deficit rate on the
southernmost Ryukyu subduction
zone.

s
24

235 .=

~74m
= (74.08 [mm/yr] * 100 years) / 1000 =

—_ Tl
'..- h-- — b '\-__‘. ) -.-r:--l-'

121° 121.5° 122° 122.5°

Hsu et al., 2012




Slip distribution: CGPS inversion

» We use the spanning
the time period from 2005 to 2010 to
infer the slip-deficit rate on the
southernmost Ryukyu subduction
zone.

245

{= > Inversion result shows a large
amount of slip occurs in the
along the trench.

» The slip is predominated by
with a

-1 23.5

maximum slip > 30 m.

> The total moment is about 4.4*102%1
Nm, equivalent to M8.4 earthquake.
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Rupture process

Hypothesis |
Accumulated slip
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Rupture process

Accumulated slip

1. Epicenter
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Rupture process

Hypothesis |l

Accumulated slip
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Rupture process

Accumulated slip

100.0 s

kmd o 5
60 km
o N A km
4 hmn‘ﬂ:f-}
t, km
98e
kmd o5 5
98e I pth
A |
30 40 50 HyUKyu Trench i -
p (m} 1 1
i 122 5° 123"

Moment rate (x10"* Nm/sec)

Hypothesis IV

2015/09/16 M8.4 Stage 1
lllapel, Chile (0-100s)
Earthquake

Stage I
(100-250s) _—_.%73 ©

- e )
o 2 4 6 a8 10 12 Slip (m)

T2

1.66x10%" Nm
~Mw=8.08

150 200 250




3D Ground Motion and Tsunami Simulation

Ground Motion Simulation:
Spectral-element method

SEM mesh model

- Large scale velocity model (Huang et al., 2013)
Local structure model

Surface topography (40m DEM)

Basin model (Wang, et al., 2004)

Vs30 (Kuo, 2012)

Eurasian

80 mm/yf o Vs (m/s)

Philippine 4
Sea Plate 3 5000

3500
51666;,

2000

resolution of the mesh at the surface:

500

spectral elements along X = 512
spectral elements along ¥ = 512
GLL points along X = 2049
GLL points along Y = 2049
average distance between points along X in m = 267.747711
average distance between points along Y in m = 321.630127

Tsunami Simulation:
Dispersive tsunami model

We calculate the coseismic seabed deformations due
to the inverted slip distribution base on SEM, and
then use it as initial sea height. A dispersive tsunami
propagation model (Saito et al., 2012) is applied to
calculate the simulation.

Taipei Basin

Gaguaridge




Ryukyu Subduction Zone Megathrust Earthquake M8.0+
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Taiwan Numerical Earthquake Model

p
A. Community
numerical model

- Large-scale velocily model
- Local velocity model
- Realistic topography
- Moho. plate boundaries
- Basin
- Sedimentary plain
_ete.

Numerical models
(storage)

>

B. Source representation

- Point seurce parameters
for earthquake M <6

- Finite-fault model
for carthquake M =6

- Kinetic and dynamie
analyses

\ ‘_ ; i J
h .

Numerical inversion (computing)

~

E « Taiwan
Numerical
Earthquake
Model
(TNEM)

- Source model
- Shake movie & ShakeMap
- Synthetic ground motions
- Simulation, prediction

& scenario
- Earthquake mitigation
- Seismic hazard assessment

Numerical database
(computing + storage)

{

C « Realistic
ground motion
simulation

- ShakeMovie

- ShakeMap

- Synthetic waveforms
- Visualization

Weer real-tine < imulation
Bitp:¢/sewoarth. enica. edu.

|
i 4 )

Forward simulation (computing+visualization)

Real-time analysis
(computing)

Scientific problems:

A. Community numerical model
B. Source representation

C. Ground motion simulation

D. Real-time seismology

E. Numerical Earthquake Model

Numerical approaches:
- NNLSP (parallel program)
Source inversion by NNLS
(Lee et al., 2006)
- SEM (parallel program)
3D seismic wave propagation
(Komatitsch and Tromp, 2004)
- RMT (parallel program)
Real-time moment tensor
monitoring (Lee et al., 2014)

People involved:
2 Postdoc

5 Students

4 Assistants



Taiwan Numerical Earthquake Model

Histexicall
eanthqualke]

* 1916
Nantou earthquake
Sequence (M6.0+)

* 1935
Hsinchu-Taichung
earthquake (M7.1)

* 1951
Longitudinal Valley
earthquake series
(M7.3, M7.1, M7.3)

* 1986
Hualian earthquake

(M6.8)

¢ And others

Before 1999

* 2002
Hualian offshore
earthquake (M7.0)

* 2003
Chengkung
earthquake (M6.8)

* 2006
Pingtung earthquake
doublet (M7.0, M7.0)

* 2010
JiaShian earthquake
(M6.4)

* 2012

Wutai earthquake
(M6.4)

1999-2012

*2013/03/27, 06/02

Nantou earthquake |, Il

(M6.2, M6.5)

*2013/10/31
Ruisui earthquake
(M6.4)

*2015/04/20
Eastern offshore
earthquake
(M6.38)

* 2016/02/06
Meinong earthquake
(M6.6)

* Real-time

Computational
Earthquake report

(2013-2018)

* Manila Trench
megathrust
earthquake (M8.0+)

¢ Changhua fault
earthquake scenario
(M7.0+)

¢ Longitudinal Valley
earthquake scenario
(M7.0+)

* Ryukyu Trench
megathrust

earthquake (M8.0+)

¢ And others

Time-line
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