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Methodology

Map Grid of Vg, in Taiwan Map Grid of Z, , in Taiwan

4 Figl. Vi3, grid map in Taiwan.

Vs30 ¢
the average shear-wave velocity from the
surface to a depth of 30m

Zio:
the depth to the first occurrence of Vs=1km/s

» Fig3. Z,, grid map in Taiwan.
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MEthOdOIOgy Decay outward in A significant amplification

/ concentric circles / within Tapei basin

Soil Amplification
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A Fig 2. The results are calculated by using GMM for a point source of M,,=3.5 outside the Tapei Basin.
(a) The condition of engineering bedrock (Vs3,=760m/s). (b) Considering different Vg3, values in
various regions.



V¥ Fig 4. There are three scenarios about fault-receiver distribution
MethOdOIOgy and the modeling of peak ground values azimuthal variations. (a, d)
Varying velocity ratio, ry. (b, e) Varying coefficient of percent

unilateral rupture, e. (c, f) Varying bilateral deviation angle.
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Earthquake Events & Their Results



201306020543

Point source wio rupture dirctivit

1000
800
600
400
200

121°

500

=
<
S

w
=]
S

200 ¢

PGA from observation (cmiszj

100 200 300 400 500
PGA from GMM (cmis?)

Point source w/ rupture dirctivity

500

400 -

©
=]
S

200 -

PGA from observation (cmf52)

100 |

500

400

w
=]
S

200 ¢

PGA from observation (cmiszj

100 -

v=07g
dir. = 220°
e=1
®
L ]
[ ]
L
L] P e
e o
e
L .
eo‘ : . p=015
. 0=067
ME = 0.69
100 200 300 400 500

PGA from GMM (cm/s?)

Line source w/ rupture dirctivi

=01
0 =038
ME = 0.39

100 200 300 400 500
PGA from GMM (cmis?)

120.974 23.862

103 Point source w/o rupture dirctivity

. .

TR
.

PGA (em/s?)
2,

. .
101t [ = PGAfrom G e
t PGA from observation &

20 40 60 80 100
Distance (km)

Point source w/ rupture dirctivity

PGA (cmis?)

10' | ¢ PGAfrom GMM
||+ PGAfrom cbservation
20 40 80 80 100
Distance (km)

102 Line source w/ rupture dirctivity

PGA (cmis?)
2,

101t PGA from GMM
t| = PGA from observation
20 40 60
Distance (km)

14.54

4

4 Line source w/ rugture dlrctivilg

6.23

Point source w/o rupture dirctivi

directivity function

p=007
0=047
50 100 150 200 250 300 350

Azimuth (%)

Point source w/ rupture dirctivity

50 100 150 200 250 300 350
Azimuth (%)

p=0.1
c=0.38
50 100 150 200 250 300 350

Azimuth (%)

215
1195

215

1195

Point source w/o rupture dirctivity PGA (g3)

400

300

4 200

o 150
100
50
120 1205 121 1215 122 1225
Point source w/ rupture dirctivity PGAGa
350
00
250
4 200
150
100
50
120 1205 121 1215 122 1225
Line source w/ rupture dirctivity POA(GH
350
200
1250
4 200
o 150

100

120 1205 121 122 1225

Point

Point+Dir

Line+Dir



201310311202

Point source w/o rupture dirctivity 258 Point source wio rupture dirctivity POA(GH

Point source wio rupture dirctivity 3 Point source wio rupture dirctivity

500 10° 4 T T
. directivily function
. . L .. 2850
P 1 . T .
@ . L
§ . h
= . . * e ., .
% a0 o . 1 G 0 - .4 otk . 250
s e 5 o b e .
]
2 < .o 4200 P t
S, | | g .
; , oin
i . 150
3 i
& -
. . 100 | H=015 1 Y o
’ o=082 101}
» 201310311202 - ME = 0.83 « PGA from GMM
= PGA from observation 50
o . . 4 . \ .
0 100 200 300 400 500 20 40 0 50 100 150 200 250 300 350
PGA from GMM (cm/s”) Distance (km) Azimuth (%) L o
500 Point source w/ rupture dirctivity 103 _ Point source w/ rupture dirctivity ar Point source w/ rupilure dirctivity . } 266 Point source w/ rupture dirctivity POA G
v=06 °
& - » 3 25 350
- . .
w0l €=1 ] . . R Iy
oG * * -
‘o . EE A 2 25 200
= . .
c
%_ S 300 1 E Y . 24 1250
- ® . “210 . .
2 £ R . .
> S S
= 2 * ; . u ¢ 235 4 200 P M D M
2 200t 1 £ o Ol nt+ Ir
S . ..
600 : . 2t 150
: .
500 £ b =003 ’ ° 1
100 1 1 . p=0.03 25+ 100
400 o=049 10!
r =0.49
300 ME = 0.49 *  PGA from GMM [+]
PGA from observation 2 50
200 0 . . : A A .
100 0 100 200 300 400 500 20 40 100 150 200 250 300 350
PGA from GMM (cmis?) Distance (km) Azimuth (%) NI e kB ndE  gie @ ang
0
500 Line source w/ rupture dirctivit 107 Line source w/ rupture dirctivit) 4 Line source w/ rupture dirctivit, 256 Line source w/ rupture dirctivity PeAGA
120° 121° 122 =075 f :
dir. = 20° . 3| L
| -~
~d00F € ' P, -
& . . .
o . - [ o 245 300
c _ .
% 300 LR " 2 250
2 £ — :
3 S et T e . .
o < 235 o 200 L D
2001 b e n e+ Ir
£ .
e .
:: - . 2 o 150
o N . |
o =0.06
100 - . | . p=0.08 25 100
0 =045 10} B
ME = 0.45 f PGA from GMM 0 =045
i PGA from observation 2 50
0 L I L I I — L L L L L L
0 100 200 300 400 500 20 40 100 150 200 250 300 350

PGA from GMM (cmis?) Distance (km) Azimuth (%) o5 10 105 1 21 2 2s




201602051957

123°

PGA from observation (cmf52) PGA from observation (cmiszj

PGA from observation (cmf52)

500

=
<
S

w
=]
S

i)
=1
=3

100

500

.
o
S

©
=]
S

™
=1
S

=}
S

500

.
o
S

©
=]
S

™
=1
S

=}
S

100 200 300 400
PGA from GMM (cmis?)

Point source w/ rupture dirctivity

500

'] p=-034
" 0=052
ME = 0.62

100 200 300 400
PGA from GMM (cm/s?)

Line source w/ rupture dirctivity

500

rv=0.8
i 330°

100 200 300 400
PGA from GMM (cm/s?)

500

PGA (cmis?)

PGA (cmis?)

PGA (cmfsz)

120.544 22.922

102 Point source wio rupture dirctivity

10"}
= PGAfrom GMM 7
| PGA from observation

20 40 60
Distance (km)

Point source w/ rupture dirctivity

10"
t . PGA from GMM P
I d PGA from observation

20 40 60
Distance (km)

Line source w/ rupture dirctivity

=
o

10"
*  PGA from GMM .
*  PGA from observation

10'

Distance (km)

14.64

4

6.39

Point source w/o rupture dirctivil

directivity function

50 100 150 200 250
Azimuth (%)

Point source w/ rupture dirctivity

300

350

W=-034
0=052

50 100 150 200 250
Azimuth (%)

Line source w/ rupture dirctivity

300

350

50 100 150 200 250
Azimuth (%)

300

350

215
1195

Point source wio rupture dirctivity

120

1205

121

121

Point source w/ rupture dirctivity

PGA (gal)
400

00
1250
4 200
4 150

100

4 200

150
1 ‘ 100
50

1225

PGA (gal)
400

360

300

100

1225

Point

Point+Dir

Line+Dir



201904130

Point source wio rupture dirctivit

600
500
400
300
200
100

121°

122°

PGA from observation (cmfsQ) PGA from observation (cmiszj

PGA from observation (cmfsQ)

500
400
300
200
100 -
0
0 100 200 300 400 500
PGA from GMM (cmis?)
500 Point source w/ rupture dirctivity
rv=03
L e=1
400 .
L]
L] L]
300
]
. ®
L]
. . L ]
200 ® 4 %e o
» e %
u'. ‘.'. /s
L]
100 - . - u=-028
o=088
o ME = 0.92
0
0 100 200 300 400 500
PGA from GMM (cm/s?)
500 Line source w/ rupture dirctivity
rv=06
dir. = 20°
400~ €=09
. L]
300
[ 4
L ]
.' .
2000 [ 14
ey o .
‘ ¢ = ° @ .
100 - . - p=-0.02
L4 o=048
% ME = 0.48
0
0 100 200 300 400 500

PGA from GMM (cm/s?)

PGA (cmis?)

PGA (cmis?)

PGA (cmis?)

121.559 24.054

102 Point source wio rupture dirctivity

« 1
R . P
HEEEN .
.
Sey N
L PORSLUIMER
o2l L H st
“a
ra .
- ¢
e -. 4
“

10"}
= PGA from GMM
| PGA from observation

30 40 50
Distance (km)

Point source w/ rupture dirctivity

60 70 80 90100

10" ¢
S|+ PGATrom GMM
|
30 40 50
Distance (km)

Line source w/ rupture dirctivity

60 70 80 90100

..--
..
. Is
8
) -t
L.t
o..
.
T+

10" ¢
S|+ PGATrom GMM
|
20 40 60
Distance (km)

20.33

4

6.14

Point source w/o rupture dirctivi

directivity function

50 100 150 200 250
Azimuth (%)

Point source w/ rupture dirctivity

300

350

50 100 150 200 250
Azimuth (%)

Line source w/ rupture dirctivity

50 100 150 200 250
Azimuth (%)

350

Point source w/o rupture dirctivity

255

25
25

24
235

23
225

22
215 - s

195 120 1205 121 1215 122

255 Point source w/ rupture dirctivity

15 = -
1195 120 1205 121

Line source wi rupture dirctivity

215 = - -
1195 120 1205 121 1215 122

PGA (gal)

1225

400

300

4 200

o 150

100

360

4 200

100

PGA (gal)

400

360

4 200

100

Point

Point+Dir

Line+Dir



202206200

500
400
5
4
H
=
=
2 300
3
H
5
2
2
[=]
£ 200
]
<
o
o
- 100+
;
*. 202206200105 -
0
0 100 200 300 400 500
PGA from GMM (cmis?)
500 Point source w/ rupture dirctivity
rv=02
_ao0r ©=1
5
»
£
=
=
.S 300
3
H
5
]
Fa}
2 200 F
g .
200 &
3 -
.
160 & o0t . p=-045
1 20 . . o=047
ME = 0.65
80 0
40 0 100 200 300 400 500
PGA from GMM (cm/s?)
0
500 Line source w/ rupture dirctivity
120° 121° 122° rv=08
dir. = 80°
400~ €=07
—
»
£
=
=
.S 300
3
H
5
]
Fa}
2 200 F
<< L ]
E ‘1 e u=-0.09
0, g
(3 o =046
ME =047
0
0 100 200 300 400 500

PGA from GMM (cm/s?)

PGA (cmis?)

PGA (cm/s?)

PGA (cm/s?)

=]
o

<

121.454 23.686

+  PGA from GMM
*  PGA from observation

103 Point source wio rI.IESI.II'E dlrctlvlgy

o
)

o
)

1

10 10
Distance (km)
Point source w/ rupture dirctivity
. e
. -
.. . N
.
. -
. 4

*  PGA from GMM
*  PGA from observation

1

10
Distance (km)
Line source w/ rupture dirctivity
. .
)
. .

*  PGA from GMM
*  PGA from observation

10'

Distance (km)

4 Point source wio ruggure dlﬂ:ﬂvl!!

6.05

directivity function

50 100 150 200 250
Azimuth (%)

Point source w/ rupture dirctivity

350

50 100 150 200 250
Azimuth (%)

Line source w/ rupture dirctivity

350

50 100 150 200 250
Azimuth (%)

300

350

__Point source wio rupture dirctivity

4

Point

300
00
00

PGA
i?
150
1
0

120 1205 121 1215 12 1225

Point source w! rupture dirctivity

350
300

i 200
180
100
0

PGA g3l

Point+Dir

120 1205 121 1215 2 1225

PGA (gal)
o

350

l m
200

* 150

100

120 1205 121 1215 12 1225

Line source wi rupture dirctivity

Line+Dir




202209171341

500
400
5
4
H
=
=
G 300
3
H
5
2
2
[=]
£ 200¢
g
<
o
o
T 100+
’
» 202209171341 -
3 0
. 0 100 200 300 400 500
25 2
PGA from GMM (cm/s“)
500 Point source w/ rupture dirctivity
rv=03
L]
_ao0r ©=1
24 o .
£
=
b (=4
3 2 o
e g
- E
[=]
. 200 - *
23 5 . .
5 *® .
® 100 s * p=-014
6=051
ME = 0.53
. 0
22 0 100 200 300 400 500
PGA from GMM (cm/s?)
0
500 Line source w/ rupture dirctivity
120° 121° 122° =05
dir. = 230° .
400 - e=0.2
5
K .
£
=
=
S 300
T L]
H .
5
]
C
£ 200 o
g A L ] .
g . LA . .
“i0r @ . [ p=-008
. 6=052
L}
! Yt B ME =0.52
L]
0
0 100 200 300 400 500

PGA from GMM (cm/s?)

PGA (cmlsz)

PGA (cmfsz)

PGA (cmfsz)

<
o

=}
T

o
o

121.161 23.084

Point source wio rI.IESI.II'E dlrctlvlgy

+  PGA from GMM
*  PGA from observation
10! 10
Distance (km)

Point source w/ rupture dirctivity

*  PGA from GMM
*  PGA from observation

4

10
Distance (km)

Line source w/ rupture dirctivity

*  PGA from GMM
*  PGA from observation

10' 102
Distance (km)

8.61

" . . . . " . .
0 50 100 150 200 250 300 350
Azimuth (%)
4 Point source w/ rupture dirctivity
3

4 \ . . . " .
0 50 100 150 200 250 300 350
Azimuth (%)
4 Line source w/ rupture dirctivity

6.53

4 Point source wio ruelure dlrctlvig

directivity function

200
Azimuth (%)

100 150 350

__Point source wio rupture dirctivity

1205

Line source wi rupture dirctivity

1205

:
Point
.
ﬂ
122 1225
irctivity F‘GAIQ‘Mn
. :
Point+Dir
‘ 150
ﬂ
-
. :
Line+Dir
.
ﬂ



2022091380644 g e R

500 10° Point source w/o rupture dirctivity 4 Point source w/o ruEture dirctivity &5 __ Point source wio rupture dirctivity _ Por g
. 1 irectivity function
F . . | 3t 1 2 350
400 P .
% 8, o+ : . 25 00
E . L .
15
S . .
]
§ 300 ) ., L #
E 2.2 : e
H £ 10 L .
2
o < L) a2 25 200 P t
€ 0 3 - oln
o - .
£ % 150
3 .
o
100 ., 25 100
5 .
10 ©  PGA from GMM L | [ |
: *  PGA from observation . 2 5
0 4 . . . . . |
0 100 200 300 400 500 10! 10? 0 50 100 150 200 250 300 350
PGA from GMM (cm/s?) Distance (km) Azimuth (°) o5 tws w1 s 2z s
500 Point source wi rupture dirctivity 10° Point source w/ rupture dirctivity 4 Point source wi rupture dirctivity 285 Point source w/ rupture dirctivity PGAGG
=08 A |
] . ] 3t 1 2 0
.
_—doof & 1 . . |
» " ¢, ' | 1 25 30
£ . : |
s .. . °
é 300 - NQ ) . . . . o 24 50
5 . £ 10 . 5 3\ .
15
2 < P - s ] - P . D H
LN ) L]
g - 8 oint+Dir
£ . t . 2 150
5 . . .
o 100 ® o L ] u=-0.54 "
. _ 25 100
0=064 . 3 o =064
oo - 101 *  PGAfrom GMM | =3t = (. |
.{ e ME =084 *  PGA from observation . 2
0 4 . . . . . .
0 100 200 300 400 500 10 102 0 50 100 150 200 250 300 350
PGA from GMM (cm/s?) Distance (km) Azimuth () Hios 0 ws w1 ws  m ms C
500 Line source w/ rupture dirctivity 10° Line source w/ rupture dirctivity 4 Line source w/ rupture dirctivity 285 Line source w! rupture dirctivity PGAGGY
120° 121° 122° =05
. U 1
dir. = 35° o : . | al &
wol €=1 . - . ye |
En o A o
£ . 300
2 o llsll e
s . .
5 300 B h T
s L . £ 107 * ..
g . . g
2 . . < s . . | o L. + D .
3 . ine+Dir
£ . 150
5 -
“ol e * u=o
100
o 0=0.49 o
. PGA from GMM
ME =049 *  PGA from observation
0 . . . . . .
0 100 200 300 400 500 10° 10 102 0 50 100 150 200 250 300 350

PGA from GMM (cm/s?) Distance (km) Azimuth (*) Hies s w1 s 2 iz



5s Line source w/ rupture dirctivity

500 ¢
*rv=009
.'dir. = 280°
400 €71
(o]
.
E |e
= ]
c °
S 300e
= 0
c
g (%
a °
5]
£ 200 |
2
<
£
100 W=105
L] o=15
- ME = 1.83
0 L " 1 L
0 100 200 300 400 500
PGA from GMM (cm/sz)
15s Line source w/ rupture dirctivity
500 : ‘ hehSahde
rv=05 ¢
dir. = 20° -
=1 L4
_ 400t €%
o~
@2
§ .
= ]
c .
O 300 ®
= °
c
°
8 °*/e
a e
2 200
E pu=-0.1
< o=0.53
g (3 4 =
100 ° ME = 0.54
s L)
o
e
0 1 1 1 1
0 100 200 300 400 500

PGA from GMM (cm;’sz)

500

400

PGA from observation (cm/sz)

PGA from observation (cm/sZ)

10s Line source w/ rupture dirctivity

300

200

100 |

500

400 -

300

200

100

rv=05 °

dir. = 10° i
e=1 ¢
o®
(]
.
.
o
.
°
p=-0.1
o=0.54
o3 4 ME = 0.55
L ] e
4
100 200 300 400 500
PGA from GMM (cm.’sz)
20s Line source w/ rupture dirctivity
. ‘ — e .
rv=05 °
dir. = 20° o
e=1 ¢
°
* (]
.
°
e e
.
e
p=-0.1
g=0.53
o A ME = 0.54
s L)
o
$
100 200 300 400 500

PGA from GMM (cmlsz)

4 Fig 7. The ground motion prediction of line
source considered with rupture directivity at
different time points after t, for the Ruisui
earthquake. (a) 5s. (b) 10s. (c) 15s. (d) 20s.

Model errors at different time points after to

3.5

20130602
20131031

3 20160205 |
20190418
20220620
20220917 |
20220918

Model errors

5 1‘0 1I5 2I0 25 30

A Fig 8. The model errors at different time points
after ty for 7 earthquake events with M, larger
than 6. We can find that the model errors will

reach stable states at 10s ~ 20s.



Another Case: 2024.04.02 11:58 (UTC)



118 4% ____He0 2L __ 2 12 124 cWA EARTHQUAKE REPORT
T ey Earthquake No.: 113019

Origin time (Taiwan Standard Time: GMT+8):
4/ 3/2024 7:58:9.9

3Pengjiayu Epicenter: 23.77°N, 121.67°E, 4_." ;

' g e i.e. 25.0 km SSE of Hualien County Hall

Focal depth: 15.5 km

Magnitude (ML): 7.2

Local Largest Intensity:

Origin Time: 2024/04/03 07:58:09 (GMT+08:00)
Lat:23.77N Lon:121.67E Mag:7.2 Depth: 15.5 km

26'N

Hualien County 6+ Hsinchu City 4 |
Yilan County 5+ Tainan City 4
Miaoli County 9+ Keelung City 4
Taichung City 5- Pingtung County 4
Changhua County 5- Penghu County 3
Hsinchu County 5- Lienchiang County 2
Nantou County 5- Kinmen County 1 Peak Ground Acceleration’ ... ‘
Taoyuan City 5- e o g o0 n R oS @3N
New Taipei City 5- we e e e
Taipei City 5-
Taitung County 4
Chiayi County 4
Yunlin County 4
_ Kaohsiung City 4 Reference:
Legend * : Epicenter, Number: Intensity km Chiayi City 4 CWA earthquake report.



Multiple buildings collapsed or partially collapsed.
And this earthquake caused at least 10 fatalities
and over a thousand injuries.

Reference:
1. Earthquake damage in Huallien City, Shufu Liu, Office of the President, Taiwan
2. Pictures on the internet
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