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Abstract

In this project, we analyzed geodetic data to generate the velocity field and fault slip deficit rate
near the protected objects in northern Taiwan. The fault model was adopted to integrate the geodetic
observations with geological materials. The working area in this year is the northern Taiwan. We have
completed the following missions: (1) The daily solutions from 572 continuous GNSS stations, 761
campaign-mode GNSS stations, and 43 leveling routes were calculated for the following time series
analysis to get the velocity field of northern Taiwan with respect to station SOIR. (2) The fault
parameters of the Shanchiao fault and Hsincheng fault were mainly evaluated based on previous
studies. Then the slip deficit rates of each fault were derived through the 3D fault model. The geodetic
data during 2016-2022 were adopted in this project. According to the modeling results, the average
slip deficit rates of Shanchiao fault and Hsincheng fault are respectively 2.0 mm/yr and 2.9 mm/yr. (3)
The strain rate field of Taiwan was calculated and the second invariant was used as the basis of surface
deformation level. The surface deformation was separated into six level (0-5), 1.7 pstrain/yr was set
as the second invariant interval. We also collected the surface deformation regulation related to
conventional and high-speed railway simontaneously to propose the preliminary version of surface
deformation level table. (4) Finally, the earthquake potential of each fault was derived through
empirical functions and probabilistic model using the derived slip defiit rate. We also estimated the
scenario ground motions and coseismic displacements by the GMPE and 3D fault model with

optimized fault geometry and slip deficit rate.

KEYWORDS: geodesy, velocity field, fault slip deficit rate, earthquake rupture probability, surface

deformation level, scenario shaking map, scenario coseismic displacement map
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Table 1. 1: Continuous GNSS stations installed by GSMMA.
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Figure 1. 1: GSMMA geodetic network for active fault monitoring, including 85 continuous GNSS stations, 761 campaign-
mode GNSS stations and 43 pricise leveling routes.
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Table 1. 2: Objects in 2023 to 2025.
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Figure 1. 2: Framework of the project.
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Figure 1. 3: Active faults and object area of 2023.

s BT 3 A AR o A R IR P

ﬁ'%“*’%#%ﬁ*%1§%+ﬁﬁﬂ
FAAII A RRA AR ER RSP LR PR SRR SRR
SRR A R EERERE S SRR T W AR 4T -

PRAREL S ETH I
TRESLHIR A E -
AT RERRE RS AT R

) 1F

SRR R LA R R R
T Y g

AR AT
EX k& ES



1-2 3 B b

APFF2ZFAF Pt (1) AP I 2P e REd g 2 2 @pF < Sfopsg > T
PR RS 7 R RS LR G ERT EH 2 S SRS - L AR
r ¥ AAL RS LR RGO B AS L RBE SR BT RIS LR
FANEEBT > LA A RFEIHN LR BT IR mATERE "
RBZPRE IR BREALE R T R F A RRETHABEE S IR U 2R

BRAT R o (2) AR ERFES ERE SR FBBEEFAT 0 REE G LRT Y

-JH-

e

sz's‘:

YR 2T AL B B RN BB BN R RS

3 2
P 1 iFR REL REBIREFT AL RS RS F R DA 2 a4 R ek
e



1-3 22 B 1 it

AER G 121142 T & & EH 8k 2 T2 & 7RIS B ZE-5 - 2 5
—E’iﬁaaféQﬁB%’%¥€%éi¢W%%‘@V%%‘%%%%‘%ﬁ%%~ﬁ
BETR = BRETR N FHETE 0 £ T RRBEE L BAE R oA AERZEL FEI G
FAPEFT R ARG H (P R) (£ 1.2)0 B0 TSk o TLogrark | 220
Fls A2 A€ T2 B2 FR A TN AE R ERFE DA 473 2 F8 K 2 ¥k 5
il HE bt (£ 1.2)e 1T BRI 2 IEETR 2B AR

L A7 87

ATISUTR L A L AR LSS R AFBER I AT RN 5 4 W 2 9 R R
D

PECEFAMAEAL, A R N29 0T H P 5 174 22 HFK 5 EHETR L
AR P A 70 2015)  ATHETR R W Ea

BEE A QIR T LA R Y SR EER IR R R
il A PEE (M2 L E 5 2003) 0 {IIEATS TR AEE T R AR < 270 E W D AT FE R
TA (B2 L% 5 2003) 0 B 2 EEE STH O GE S o 510 A S RlAz D FER egE 25 EER
B27 44,630-43,710 & m el d fE o P ETR P AP A K 25° -8 BTEE X 20 O B o P ETE &
paed i 5 5 046mm/yro Y7k & FAE S L Llmm/yr (B2 L2235 2011 )« < 3
BIFAASFT S RMA  FTBER I B d AR TN 2 HE o TEM LS S TEE S

Rl PURSEE® @ 4§ 25 (ke 302005 5 48554 % > 2006) ©

2. Lotk

LigrEr R L L ETR o d AT AR R AR 2 A LR EAA LA £35202 o
Gk s Bl BRI A S EFE N RE TR AR R E 2 T SR PRER PR e &
PHRERE CER’ED AT ARFIANN AL F OERP LA LAV LERE o
% %ﬁr@g%:,b;:x% L grETE R R M 2R R 2 R AE T P REE 750 28 (FHaE % > 2000 ;
2002) 0 P RAERGE LK T L p AR T A LFEELT RARAIEE BT (fiFo
£02004) 24 LT RERICESE 551.6 28 (fRExe £ 5 2007)° I3 LurEtk B F
A AN R BB RS s kD TR AP PR TR R (M ¥ o
2012) o LiHrETR BT - K EH R > T A RS X 11,000 £ 2 o & 3 BLR|FALE T L



WSTR B RIED RH R X A PR R 2H TR TR e TE TR o e
ﬁﬁ%ﬂ%@ﬁ*ﬂJ2mMW’mj$%% Bl R R E TN S (e

% 5 2008) e $¢1@mbw%%7Fﬂ/§ F 5 -0420.6 mm/yr o AT 12k ¥k 56
BT LT RaN G #d (B Lo 2016) ¢

AER2ZABIFERMFRG (1) *HFREFTHZFEEY E 047 AP FTHRFT
- #icE 2. GNSS i i =k ~ GNSS # do 3k 2 o KR E & L W RPI TR &5 TR RH - &
TR EPERAEI AP RABRSEFARERTS  EFe g A kT B LI L E2 2
PARARS BV EBREFS () K ARRARLS TR NRREF ST P LR
A G R L LB L RAPE T oA R R A R UE LR RAE LS TR
(3) 8T B S RIEFHWR ERBESR L F L -3 F T8 EHERRFL Y
BB L TR Y BT e R ET B SR AT TR 2 A T
EFERSF A MREEFHEFALT (4) RN RBFERRES S FHRE R EE S
PR FIT AT RS A o BB BRSNS ] R B R R

Gl REHLTE 2 1 ITERT mA AT

1. B8 ¢F £ pl e i v a

(1) BRIZ P ERPIINA > d 3 GNSS BEERPIEA ZEAH FH 0w s T~ ¢ 308 F >
Ea B F BAEEE BELFLELF THEF AL FESBE R REE (£ 1.3
2148 1.4) » FIr AT IR ALLARIRAPFER DTS > 0 10% (] #cgb
Te T r) b2 GNSS # &b BcE B THRIP o

(2) BB B ERPIA AT FZRAHGONSS BB B E A S B R P SR EFARLIKBT
FPRAEFRKEREX R 2P ELeFHy (£ 1.3 2 L4 B L4 B 1.5)

10



7. 1.3 GNSS # & 2L g 3525 P2 e P PF R £
Table 1. 3: Schedule of campaign mode GNSS surveying and validation.
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10 10 * TR R 30
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Figure 1. 4: Distribution and sections of campaign mode GNSS stations. Green circles are campaign mode GNSS stations;
blue rectangles are sections.
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Figure 1. 5: Distribution of leveling lines.
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Table 1. 4: Schedule of leveling surveying.
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Figure 2. 1: Coordinate time series of GNSS station ANES. Red circles are observations; blue circles are calculation.
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Figure 2. 5: Kalman-filter (KF) analysis for the vertical time series of GS22. (Left-up): the original time series data (black
dots) and the KF fitting curve (red line); (Left-bottom): power spectrum density, or PSD, of the AR(3) color
noise obtained from KF, with the red line showing the decay of PSD with frequency; (Right): different
components of the time series from KF, from top to bottom: the slope or the trend, the annual oscillation, the
semi-annual oscillation, the AR(3) color noise, and the residual noise. The blue-dash line in the slope part
indicates the change of station antenna.
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Figure 2. 6: (Top) The time series of vertical residuals of GS22 from KF. (Bottom) The amplitude distribution (left) and
PSD (right) of the residual time series, which infer a possible Gaussian white noise.
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Figure 2. 9: Vertical time series and their KF analysis of the stations GS10 (left) and GS73 (right). See Figure 2.5 for
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Figure 2. 11: Distribution of surveyed campaign-mode GNSS stations and check points. Blue circles are surveyed stations.
Orange circles are checked points.
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7 2.1 GNSS # # x5 Pl i F 4

Table 2. 1: Schedule of campaign-mode GNSS surveying, supervising and validation.

PR | m v g, voEp g B S mBnp
P | kE 2k 8k 5 iRl p 2 %2 p
3 74 3 9 2023/03/20 ~ 2023/03/29 | 2023/03/30 ~ 2023/04/06
34 1% 5 2023/04/16 ~ 2023/04/19 2023/04/18
5 84 | F+¥w | 16 | 2023/05/15 ~2023/05/24 2023/05/15 ~ 2023/5/24
~2023/5/25 ~ 2023/5/30
L @
6 179 (7= 20 | 2023/06/12 ~2023/06/30 2023/7/3-6
)
% B
7 121 (% 15 | 2023/07/12 ~2023/7/25 2023/7/31 ~2023/8/2
D)
. 2023/8/21 ~ 2023/8/23 ~
8 151 ¢ 2R 20 2023/8/14 ~ 2023/8/31 T
9 88 R 14 2023/9/18 ~ 2023/9/28 2023/9/25 ~2023/9/27
10 30 ¥ W 8 2023/9/9 ~ 2023/10/23 ~ 2023/10/24

2023/10/16 ~2023/10/19

33




2-2-2 GNSS # # L FAL 2 Az ey & R A 47

4ol GNSS i F =k T4 - & GNSS # #oxk TR f2H 304 » 23+ F k3% " GipsyX #1048
FofpEpleb 2 dAR o @ 2003 AR R oA 0 @+ GNSS LR A 7] ¢ & R ALETE
B G o FIt AR SRR L B0 L Mfrﬂé* PREP TR E SRR
fhoo LR A (residual ) A 47 RIE F 7 5 hIGEL » A RL b E IR TEFE L SRR
RIE B E S R 2 SR B EApR - B2 SRR L BT - ARERRT - 5
CHRFE SRR RALEETT 5 F 557 19FL (RMSerror) #17 &RI2F 7 f5
PEREAL S A E BREEF SRR L A 2 e L R R

Rt s o BEF E% B3 E P30 T {od e F2 GNSSH &2 =
o HAHERL 2 AT FA S (F2.12)02002 1 2023 £ E = w2 24 £ 95% % i % F
5-00+£104mm; N> % 5-00£84mm; U= % 5 0.1+26.5mm> @ 2002 1 2023 & T g

L2 22 L TE 5 29mm o B AR LS R L TiaE 5 8.7 mm (K 2. 13)

500

500 500

200 b 4004 b 400

300 300 300

Number
Number
Number

200 200 200

100 1004

,
|
I
I
I
I
I
I
|
|
I
|
|
|
I
|
I
I
I
I
I
I
|
I
} - 100 |
|

I

0- r T 0 T T - R 5
-40 -30 -20 -10 0 10 20 30 40 40 -30 -20 -10 0 10 20 30 40 40 30 -20 -10 0 10 20 30 40
East {mm) North {mm} Up {mmy)

Bl 2.12 12002 & 2023 # 10 * & GNSS # do b @iz d R 2 &2 F Bl > m A7 95S% G % B -
Figure 2. 12: GNSS coordinates residuals during 2002 to October 2023. The dash lines indicate 95% confidence interval.
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Figure 2. 14: GNSS distribution in Taipei area. Red circles are continuous GNSS stations; blue circles are campaign mode
GNSS stations.
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Figure 2. 15: Time series comparison between campaign-mode GNSS station GBO0S5 (blue circles) and continuous GNSS
station YMSM (red circles).
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Figure 2. 16: Time series comparison between campaign-mode GNSS station GG44 (blue circles) and continuous GNSS
station GOLI (red circles).
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Figure 2. 17: GNSS horizontal velocity field relative to Penghu Paisha (SO1R) station in Taipei area. The colored map

represents the horizontal velocities from 2002 to 2023. Black arrows denote the campaign-mode GNSS
velocities and the white arrows are continuous GNSS velocities.
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Figure 2. 18: Vertical velocity field relative to Penghu Paisha (SO1R) station in Taipei area. The direction of the triangle
indicates uplift or subsidence; the size of the triangle represents the velocity. Warm colors represent uplift
while cool colors represent subsidence. Campaign-mode GNSS is shown in dark frames, and continuous
GNSS is shown in dotted frame. The duration of GNSS observation is from 2002 to 2023.
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Figure 2. 19: GNSS distribution in the Taoyuan, Hsinchu and Miaoli areas. Red circles are continuous GNSS stations; blue
circles are campaign mode GNSS stations.
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Figure 2. 20: Time series comparison between campaign-mode GNSS station G208 (blue circles) and continuous GNSS
station GS86 (red circles).
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Figure 2. 21: Time series comparison between campaign-mode GNSS station G198 (blue circles) and continuous GNSS
station FCWS (red circles).
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Figure 2. 22: GNSS horizontal velocity field relative to Penghu Paisha (SO1R) station in the Taoyuan, Hsinchu and Miaoli
areas. The colored map represents the horizontal velocities from 2002 to 2023. Black arrows denote the
campaign-mode GNSS velocities and the white arrows are continuous GNSS velocities.
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Figure 2. 23: Vertical velocity field relative to Penghu Paisha (SO1R) station in the Taoyuan, Hsinchu and Miaoli areas
from 2002 to 2023. The direction of the triangle indicates uplift or subsidence; the size of the triangle
represents the velocity. Warm colors represent uplift while cool colors represent subsidence. Campaign-mode
GNSS is shown in dark frames, and continuous GNSS is shown in dotted frame.
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Figure 2. 24: GNSS distribution in the Central Taiwan areas. Red circles are continuous GNSS stations; blue circles are
campaign-mode GNSS stations.
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Figure 2. 25: Time series comparison between campaign-mode GNSS station AF24 (blue circles) and continuous GNSS
station FNGU (red circles).
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Figure 2. 26: Time series comparison between campaign-mode GNSS station G964 (blue circles) and continuous GNSS
station YUNL (red circles).
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Figure 2. 27: Central Taiwan areas GNSS horizontal velocity field relative to Penghu Paisha (SO1R) station. The top figure

is the velocity field from 2002-2007; the left one is from 2007-2013; while the right one is from 2013-2023.
Black arrows denote the campaign-mode GNSS velocities and the white arrows are continuous GNSS

velocities.
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Figure 2. 28: Vertical velocity relative to Penghu Paisha (SO1R) station in Central Taiwan. The top figure is the velocity

field from 2002-2007; the left one is from 2007-2013; while the right one is from 2013-2023. The direction
of the triangle indicates uplift or subsidence; the size of the triangle represents the velocity. Warm colors
represent uplift while cool colors represent subsidence. Campaign-mode GNSS is shown in dark frames, and

continuous GNSS is shown in dotted frame.
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Figure 2. 29: GNSS distribution in the Chiayi and Tainan areas. Red circles are continuous GNSS stations; blue circles
are campaign-mode GNSS stations.
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Figure 2. 30: Time series comparison between campaign-mode GNSS station G390(blue circles) and continuous GNSS
station GS88 (red circles).
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Figure 2. 31: Time series comparison between campaign-mode GNSS station G392 (blue circles) and continuous GNSS
station SHWA (red circles).
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Figure 2. 32: Chiayi and Tainan areas GNSS horizontal velocity field relative to Penghu Paisha (SO1R) station. The colored
map represents the horizontal velocity. The top figure is the velocity field from 2002-2010; the left one is

from 2010-2016; while the right one is from 2016-2023. Black arrows denote the campaign-mode GNSS
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Figure 2. 33: Vertical velocity relative to Penghu Paisha (S01R) station from 2002-2010 (top figure) and 2010-2016 (left
figure) and 2016-2023 (right figure) in Chiayi and Tainan areas. The direction of the triangle indicates uplift
or subsidence; the size of the triangle represents the velocity. Warm colors represent uplift while cool colors
represent subsidence. Campaign-mode GNSS is shown in dark frames, and continuous GNSS is shown in
dotted frame.
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Figure 2. 34: GNSS distribution in the Kaohsiung and Pingtung areas. Red circles are continuous GNSS stations; blue
circles are campaign-mode GNSS stations.

54



Site: GC48-CHIE
L

100 {° i

Nerth {(mm)
&

East (mm)
o

[+]

T T T
2016 2020 2024
Year

B 2.35: #6:L GCA8 1@ F 5k CHIE 2 PR B 7 e o ¢ FIB 2 B sb2 R A S| > o FIB G Fab2 pr
FE'F}:'\;»;IJO

Figure 2. 35: Time series comparison between campaign-mode GNSS station GC48 (blue circles) and continuous GNSS
station CHIE (red circles).
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Figure 2. 36: Time series comparison between campaign-mode GNSS station G003 (blue circles) and continuous GNSS
station GS56 (red circles).
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Figure 2. 37: Kaohsiung and Pingtung areas GNSS horizontal velocity field relative to Penghu Paisha (SO1R) station. The
top figure is the velocity field from 2002-2010; the left one is from 2010-2016; while the right one is from
2016-2023. Black arrows denote the campaign-mode GNSS velocities and the white arrows are continuous
GNSS velocities.
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Figure 2. 38: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002-2010 (top figure) and 2010-2016 (left
figure) and 2016-2023 (right figure) in Kaohsiung and Pingtung areas. The direction of the triangle indicates
uplift or subsidence; the size of the triangle represents the velocity. Warm colors represent uplift while cool
colors represent subsidence. Campaign-mode GNSS is shown in dark frames, and continuous GNSS is shown
in dotted frame.
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Figure 2. 39: GNSS distribution in Hengchun area. Red circles are continuous GNSS stations; blue circles are campaign-
mode GNSS stations.
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Figure 2. 40: Time series comparison between campaign-mode GNSS station G669 (blue circles) and continuous GNSS
station HENC (red circles).
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Figure 2. 41: Time series comparison between campaign-mode GNSS station G643 (blue circles) and continuous GNSS
station KDNM (red circles).
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Figure 2. 42: GNSS horizontal velocity field relative to Penghu Paisha (SO1R) station in Hengchun area. The top left figure
is the velocity field from 2002 to 2006 Pingtung offshore earthquake; the top right one is the velocity field
from 2006 event to 2010; the bottom left is the 2010 to 2016 velocity field; the bottom right is the 2016 to
2023 velocity field. Black arrows denote the campaign-mode GNSS velocities and the white arrows are

continuous GNSS velocities.
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Figure 2. 43: Vertical velocity relative to Penghu Paisha (SO1R) station in Hengchun area. The top left figure is the velocity
field from 2002 to 2006 Pingtung offshore earthquake; the top right one is velocity field between 2006 event
and 2010; the bottom left is the 2010 to 2016 velocity field; the bottom right is the 2016 to 2023 velocity field.
The direction of the triangle indicates uplift or subsidence; the size of the triangle represents the velocity.
Warm colors represent uplift while cool colors represent subsidence. Campaign-mode GNSS is shown in dark
frames, and continuous GNSS is shown in dotted frame.

62



2-2-3-7 K ¥ % GNSS BB

SERM AR R TAR RRRTHEEFS 0 ¢ 23 GNSS #H b £ 88 B =p 8%
PRI A4 (2.44) fEd R PFI 3452 GNSS i i sb# P 35 & % 7 AT Rk % BT 3 2
P AEHL 0 T TEE GNSS B F TR A7 BT ERT L2 R o BB BRI R 2
WEFHARSPBES  WEFERFAITT S RPEAMRESS2LT LR AP
PR32 22 ZRA o W ERB B SR R RE R SRR A

APE P2 2 GNSS Bhorberid Fak B AT RI AR A S5 i1 (B 2.45-
Bl 2.46) ¢ i& 2 fipl=b %4 W] 5 GNSS # # = GE64 % i 4 = PEPU () 2.45) £ GNSS # #*
k EA1S 2 i@ =k NDH3 (5] 2. 46) > d5d BE @36 R @bl 5% 2 SRR AT
Goo TR E Fd CEEFEFAIVCHT o BR R RF Y S R REA T AR £ o

R R L BLRIEE 2 i R B4R 2,47 foB] 2. 48 0 2013 & 2 s B2 2018 £ 2 i

BRI AL FERF TN AGE LT RTAL RERFF AT R RFE R A G 2002-
2013 & ~2013-2018 & 11 2 20182023 & = R RFE kA~ W& ¥ i A3 2018 & fwitm RS>
MR B2 KT RS FAERE LT AT BB BEY REER L R 20~
30 mm/yr > = &SR 5 10~ 15 mm/yr »

AR Ravk T B AP SOIR Bk » A RELAG A 50 ~ 80 mm/yr i# B &b > a4
FETR LT L 79 10 mmiyr SR TR L o KR S v dud RET RB IS LT

AR AR SER S e o LRGF 10mm/yr a2 iE R > @ pl9F 10 mmiyr i

63



2424 L
O
b‘, - L)
/4
2412 4 s o . i
! y d L)
I @ o
24°00' ® i
...
oy
2348 1) 0';[ g
®
<
.'C
23°36' - s 5
.I i
eotteg
23°24" - /)’./ ° i
i
de
23°12' - ° » i
Tt
@
[ ]
@
84 o
23°00" i L
.. ..
.‘ km
/ ‘r ]
0048’ 0’10 o 10 20 |f
o«
[ ]
D) )
22°36' - 3
22°24' 3
22112" - ] ! I ! 2

120°48' 121°00' 121°12' 121°24' 121°36" 121°48'
Bl 2,44 7Ed# % GNSS 2 B iplab A #4525 o d 1255 @ =k 4 FIR 5Bk o

Figure 2. 44: GNSS distribution in the Eastern areas. Red circles are continuous GNSS stations; blue circles are campaign-
mode GNSS stations.
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Figure 2. 45: Time series comparison between campaign-mode GNSS station GE64 (blue circles) and continuous GNSS
station PEPU (red circles).
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Figure 2. 46: Time series comparison between campaign-mode GNSS station E415 (blue circles) and continuous GNSS
station NDH3 (red circles).
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Figure 2. 47: Eastern areas GNSS horizontal velocity field relative to Penghu Paisha (SO1R) station. The color ramp
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white arrows are continuous GNSS velocities.
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Figure 2. 48: Vertical velocity relative to Penghu Paisha (SO1R) station in Eastern areas. Figure (a) is the velocity field

from 2002-2013; Figure (b) is from 2013-2018 and figure (c) is from 2018-2023. The direction of the triangle
indicates uplift or subsidence; the size of the triangle represents the velocity. Warm colors represent uplift
while cool colors represent subsidence. Campaign-mode GNSS is shown in dark frames, and continuous
GNSS is shown in dotted frame.
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Figure 2. 50: Time series comparison between campaign-mode GNSS station G250 (blue circles) and continuous GNSS
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Figure 2. 51: Time series comparison between campaign-mode GNSS station G244 (blue circles) and continuous GNSS

station LTUN (red circles).
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Figure 2. 52: Yilan area GNSS horizontal velocity field from 2004 to 2023 relative to Penghu Paisha (SO1R) station. The

color ramp represents the horizontal velocity. Black arrows denote the campaign-mode GNSS velocities and

the white arrows are continuous GNSS velocities.

A 5

A 15
A
A 3

A Uplift
¥ Subsidence

3 ¥ 2004-2023 #ApH3EM Y Sk (SOIR) 2 GNSS &8 * B B3 = 437 5 & 4o &

B 2.53: %
U o2 AR A TR B d kAT AEF A F kAT E T o

T
Figure 2. 53: Vertical velocity field from 2004-2023 relative to Penghu Paisha (SO1R) station in Yilan area. The direction
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Figure 2. 54: Diagram of precise leveling data. Red column is the amount of 0.25 mm statistics value. (a) The error of
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Figure 2. 55: Distribution map of the precise leveling and the GNSS continuous stations which were chose for constraining
each surveying line. Green circles are the GNSS stations.
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Figure 2. 56: Time series comparison between Shihmen-Wanli leveling bench mark 2027 and continuous GNSS station
GS09. The distance between two stations are 0.01 km.
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Figure 2. 57: Elevation change of the Shihmen-Wanli leveling route. (a) Tthe distribution of leveling route. (b) Elevation

change and the average vertical velocity in different time periods. Vertical dashed lines indicate the location
of active faults. X-axis is the distance projected along the fault-perpendicular profile. SCOF is Sanchiao fault.
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Figure 2. 58: Cumulative elevation change of the Shihmen-Wanli leveling route. The dashed cummulative elevation change
line show the measurement after earthquake. Vertical dashed lines indicate the location of active faults. X-
axis is the distance projected along the fault-perpendicular profile. SCOF is Sanchiao fault.
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Figure 2. 59: Time series comparison between Shilin-Sanzhi leveling bench mark GB06 and continuous GNSS station
YMSM. The distance between two stations are 0.67 km.
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Figure 2. 60: Elevation change of the Shilin-Sanzhi leveling route. (a) The distribution of leveling route. (b) The elevation

change and the average vertical velocity in different time periods. Vertical dashed lines indicate the location
of active faults. X-axis is the distance projected along the fault-perpendicular profile. SCOF is Sanchiao fault.
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Figure 2. 61: Cumulative elevation change of the Shilin-Sanzhi leveling route. The dashed cummulative elevation change

line show the measurement after earthquake. Vertical dashed lines indicate the location of active faults. X-
axis is the distance projected along the fault-perpendicular profile. SCOF is Sanchiao fault.
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Figure 2. 62: Time series comparison between Tamsui-Shihlin leveling bench mark GA69 and continuous GNSS station
GS10. The distance between two stations are 0.19 km.
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Figure 2. 63: Difference of the Tamsui-Shihlin leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. Vertical dashed lines indicate the location
of active faults. X-axis is the distance projected along the fault-perpendicular profile. SCOF is Sanchiao fault.
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Figure 2. 64: Cumulative elevation change of the Tamsui-Shihlin leveling route. The dashed cummulative elevation change
line show the measurement after earthquake. Vertical dashed lines indicate the location of active faults. X-
axis is the distance projected along the fault-perpendicular profile. SCOF is Sanchiao fault.
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Figure 2. 65: Time series comparison between Wugu-Taipei leveling bench mark GA78 and continuous GNSS station
WUKU. The distance between two stations are 1.26 km.
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Figure 2. 66: Elevation change of the Wugu-Taipei leveling route. (a) The distribution of leveling route. (b) The elevation

change and the average vertical velocity in different time periods. Vertical dashed lines indicate the location
of active faults. X-axis is the distance projected along the fault-perpendicular profile. SCOF is Sanchiao fault.
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Figure 2. 67: Cumulative elevation change of the Wugu-Taipei leveling route. The dashed cummulative elevation change
line show the measurement after earthquake. Vertical dashed lines indicate the location of active faults. X-
axis is the distance projected along the fault-perpendicular profile. SCOF is Sanchiao fault.
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Figure 2. 68: Time series comparison between leveling bench mark 5003 and continuous GPS station S101. The distance
between the two is 4.6 km.
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Figure 2. 70: Time series comparison between Xinwu-Guanxi leveling benchmark GB40 and continuous GNSS station
YAME. The distance between two stations are 3.3 km.
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Figure 2. 71: Elevation change of the Xinwu-Guanxi leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. Vertical dashed lines indicate the location

of active faults. X-axis is the distance projected along the fault-perpendicular profile. HKOF is the Hukou
fault, and HKA is the Hukou anticline.
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Figure 2. 72: Cumulative elevation change of the Xinwu-Guanxi leveling route. The dashed cummulative elevation change
line show the measurement after earthquake. Vertical dashed lines indicate the location of active faults. X-
axis is the distance projected along the fault-perpendicular profile. HKOF is the Hukou fault, and HKA is the

Hukou anticline.
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Figure 2. 73: Time series comparison between Hsinchu-Wufeng leveling benchmark T004 and continuous GNSS station
GSO03. The distance between two stations are 0.2 km.
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Figure 2. 74: Elevation change of the Hsinchu-Wufeng leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Vertical dashed lines indicate

the location of active faults. X-axis is the distance projected along the fault-perpendicular profile. HCUF is
Hsinchu fault, and HCGF is Hsincheng fault.
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Figure 2. 75: Cumulative elevation change of the Hsinchu-Wufeng leveling route. The dashed cummulative elevation
change line show the measurement after earthquake. Vertical dashed lines indicate the location of active

faults. X-axis is the distance projected along the fault-perpendicular profile. HCUF is Hsinchu fault, and
HCGEF is Hsincheng fault.
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Figure 2. 76: Time series comparison between Hsinchu-Emei leveling benchmark GB72 and continuous GNSS station
GS14. The distance between two stations are 0.1 km.
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Figure 2. 77: Elevation change of the Hsinchu-Emei leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. Vertical dashed lines indicate the location

of active faults. X-axis is the distance projected along the fault-perpendicular profile. HCUF is Hsinchu fault,
and HCGF is Hsincheng fault.
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Figure 2. 79: Time series comparison between Miaoli-Nanzhuang leveling benchmark GD97 and continuous GNSS station
PENL. The distance between two stations are 0.02 km.

96



25700

24°30
£
LA
“%%w Zik
L

- ) /‘

120°30° 121°00'

600 A -

400 - i

200 A -

Relative Elevation (m)

+STNF

0 2 4 6 8 10 12 14 16 18

|
I
)

Vertical Velocity (mm/yr)
o

Distance (km)

B280: v i iRl REZRE R--(a) PRAPRCELFTH (D) TRIBFAF VR friEFF g
2ok T o g S oo LB AT L RS2k A NP EE o W RN LE e 2 iR .

STNF i JFig 41k o
Figure 2. 80: Elevation change of the Miaoli-Nanzhuang leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Vertical dashed lines indicate the

location of active faults. X-axis is the distance projected along the fault-perpendicular profile. STNF is the
Shihtan fault.
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Figure 2. 81: Cumulative elevation change of the Miaoli-Nanzhuang leveling route. The dashed cummulative elevation
change line show the measurement after earthquake. Vertical dashed lines indicate the location of active
faults. X-axis is the distance projected along the fault-perpendicular profile. STNF is the Shihtan fault.
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Figure 2. 82: Time series comparison between Da’an-Dongshi leveling bench mark B283 and continuous GNSS station
GS82. The distance between two stations are 1.5 km.
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Figure 2. 83: Elevation change of the Da’an-Dongshi leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. Vertical dashed lines indicate the location

of active faults. X-axis is the distance projected along the fault-perpendicular profile. TCAF is Tachia fault,
TCSF is Tiehchanshan fault, TTCF is Tuntzuchiao fault, and SYIF is Sanyi fault.
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Figure 2. 84: Cumulative elevation change of the Da’an-Dongshi leveling route. The dashed cummulative elevation change

line show the measurement after earthquake. Vertical dashed lines indicate the location of active faults. X-

axis is the distance projected along the fault-perpendicular profile. TCAF is Tachia fault, TCSF is
Tiehchanshan fault, TTCF is Tuntzuchiao fault, and SYIF is Sanyi fault.
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Figure 2. 85: Time series comparison between Longjing-Taiping leveling bench mark G937 and continuous GNSS station
LSBO. The distance between two stations are 0.8 km. The dashed line is the June 2"¢ 2013 Nantou earthquake.
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Figure 2. 86: Elevation change of the Longjing-Taiping leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Black is the vertical velocity
before the Nantou earthquake of 2004-2013, red is the vertical velocity from 2013 to the present.
Vertical dashed lines indicate the location of active faults. X-axis is the distance projected along the fault-
perpendicular profile. CHSF is Tachia fault (Chinshui fault), CLPF is Chelungpu fault.
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Figure 2. 87: Cumulative elevation change of the Longjing-Taiping leveling route. The dashed cummulative elevation
change line show the measurement after earthquake. Vertical dashed lines indicate the location of active

faults. X-axis is the distance projected along the fault-perpendicular profile. CHSF is Tachia fault (Chinshui
fault), CLPF is Chelungpu fault.
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Figure 2. 88: Time series comparison between Wuguang-Huangzhu leveling bench mark AF15 and continuous GNSS

station GS23. The distance between two stations are 0.03 km. The dashed line is the June 2" 2013 Nantou
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Figure 2. 89: Elevation change of the Wuguang-Huangzhu leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Black is the vertical velocity
before the Nantou earthquake of 2006-2013, red is the vertical velocity from 2013 to the present.
Vertical dashed lines indicate the location of active faults. X-axis is the distance projected along the fault-
perpendicular profile. CLPF is Chelungpu fault.
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Figure 2. 91: Time series comparison between Wanggong-Caotun and Caotun-Puli leveling bench mark T075 and

continuous GNSS station CAOT. The distance between two stations are 0.3 km. The right dashed line is
June 2™ 2013 Nantou earthquake.
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Figure 2. 92: Elevation change of the Wanggong-Caotun and Caotun-Puli leveling route. (a) The distribution of leveling
route. (b) The elevation change and the average vertical velocity in different time periods. Green is the
vertical velocity before the Nantou earthquake of 2003-2013, and blue is the vertical velocity from 2013 to
the present. Vertical dashed lines indicate the location of active faults. X-axis is the distance projected along
the fault-perpendicular profile. CHAF is Changhua fault, CLPF is Chelungpu fault, and TMPF is Tamaopu-
Shuangtung fault.
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Figure 2. 93: Cumulative elevation change of the Wanggong-Caotun and Caotun-Puli leveling route. The dashed

cummulative elevation change line show the measurement after earthquake. Vertical dashed lines indicate
the location of active faults. X-axis is the distance projected along the fault-perpendicular profile. CHAF
is Changhua fault, CLPF is Chelungpu fault, and TMPF is Tamaopu-Shuangtung fault.
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Figure 2. 94: Time series comparison between Beidou-Shuili leveling bench mark MX83 and continuous GNSS station
GS26. The distance between two stations are 1.5 km. The dashed line is the June 2"¢2013 Nantou earthquake.
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Figure 2. 95: Elevation change of the Beidou-Shuili leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. Blue is the vertical velocity before the
Nantou earthquake of 2002-2013, and red is the vertical velocity from 2013 to the present. Vertical dashed
lines indicate the location of active faults. X-axis is the distance projected along the fault-perpendicular profile.
CHAF is Changhua fault, CLPF is Chelungpu fault, and TMPF is Tamaopu-Shuangtung fault.
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Figure 2. 96: Cumulative elevation change of the Beidou-Shuili leveling route. The dashed cummulative elevation change
line show the measurement after earthquake. Vertical dashed lines indicate the location of active faults. X-
axis is the distance projected along the fault-perpendicular profile. CHAF is Changhua fault, CLPF is
Chelungpu fault, and TMPF is Tamaopu-Shuangtung fault.
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Figure 2. 97: Time series comparison between Zengcuo-Wufeng leveling bench mark T074 and continuous GPS station
WUPFN. The distance between two stations are 2.1 km. The dashed line is the June 2™ 2013 Nantou

earthquake.
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Figure 2. 98: Time series comparison between Beishi-Fenggu leveling bench mark GE89 and continuous GPS station
WFEN. The distance between two stations are 0.4 km. The dashed line is the June 2" 2013 Nantou
earthquake.
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Figure 2. 99: Time series comparison between South Bank of Wuxi leveling bench mark T005 and continuous GPS station
CAOT. The distance between two stations are 2.5 km. The dashed line is the June 2" 2013 Nantou earthquake.
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Figure 2. 101: Elevation change of the Zengcuo-Wufeng leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Black is the vertical velocity
before the Nantou earthquake of 2007-2013, and red is the vertical velocity from 2013 to the present.
Vertical dashed lines indicate the location of active faults. X-axis is the distance projected along the fault-
perpendicular profile. CLPF is Chelungpu fault.
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Figure 2. 102: Elevation change of the Beishi-Fenggu leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. Black is the vertical velocity before the
Nantou earthquake of 2007-2013, and red is the vertical velocity from 2013 to the present. Vertical dashed
lines indicate the location of active faults. X-axis is the distance projected along the fault-perpendicular
profile. CLPF is Chelungpu fault.
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Figure 2. 103: Elevation change of the South Bank of Wuxi leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Black is the vertical velocity
before the Nantou earthquake of 2007-2013, and red is the vertical velocity from 2013 to the present. Vertical
dashed lines indicate the location of active faults. X-axis is the distance projected along the fault-
perpendicular profile. CLPF is Chelungpu fault.
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Figure 2. 104: Elevation change of the Zhongxing New Village leveling route. (a) The distribution of leveling route. (b)
The elevation change and the average vertical velocity in different time periods. Black is the vertical velocity
before the Nantou earthquake of 2007-2013, and red is the vertical velocity from 2013 to the present. Vertical
dashed lines indicate the location of active faults. X-axis is the distance projected along the fault-
perpendicular profile. CLPF is Chelungpu fault.
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Figure 2. 105: Time series comparison between Jinhu-Ruifeng leveling bench mark G776 and continuous GNSS station
GS17. The distance between two stations are 0.02 km.
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Figure 2. 106: Elevation change of the Jinhu-Ruifeng leveling route. (a) The distribution of leveling route. (b) The elevation

change and the average vertical velocity in different time periods. Vertical dashed lines indicate the location

of active faults. X-axis is the distance projected along the fault-perpendicular profile. MSNF is Meishan fault,
CCKEF is Chiuchiungkeng fault, and CKUF is Chukou fault.
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Figure 2. 107: Cumulative elevation change of the Jinhu-Ruifeng leveling route. The dashed cummulative elevation change
line show the measurement after earthquake. Vertical dashed lines indicate the location of active faults. X-
axis is the distance projected along the fault-perpendicular profile. MSNF is Meishan fault, CCKF is

Chiuchiungkeng fault, and CKUF is Chukou fault.

122




2-3-6-2 A P34 d Rl

B H BRI GRERIRE NP 4pF RIS (B 2.109) ZRIAFH> " e T
RIS e FFER S 400 22 (B 2.109) £2003 & 3 2023 & £ 135 p] 20 % » =

e
=
-

EGPl- Ko RERZREGR AR > U EAHFAETE 21100 APIRPIRELLTEHFL
¢ FETLIPIE FREE 1099 © R A& o ik s e o
~plA . GNSS i 4=k GS44 17 5 S48k 0 p 2008 & 12k fe i -k 2L 1088 4p ¥ GNSS
Blxb SOIR 2- &% & & (B 2. 108 )> GS44 ¥2 1088 B 2_ B §E# 5 0.9 =~ 2 - 2L GS44 >+ 2003
2010 £ 7 fthi B2 3 ¢ % 5 8.6mmiyr; 2010 £ 7 i R RIS T 2016 £ £Lm B F

z
__L
2 %3 i 5 5 8.6mm/yr; 2016 £ £ kM BT 42 £3F i

% 6.7 mm/yr o
L2 RS R LD FERAL (B 2.109) 24 52003 # 10 * I 2010 & 7 ih
BUEzLE @A~ 2d 52010 27 ik B3 2016 # 2k A2 L3R -~ %4 5 2016

W\

EEREFEI 2023 &40 2 BB R o TEE LT S INEAT R B AF AP os
o T ETE G 18 223 P ETE R R 0.0-4.0 mm/yr 2 45 0 R Aa T ETE T 18 2
F 2 HE 0 F g 0-11.0mm/yr 2 KR o A4RITA U TR EHHE S S 4e o 87k LG 2
16.0 mm/yr ¢ ensdeE 452 i B oo b SSARIA P 2 T UTR 0L L BE e A8 1 ABS R 1T kg
FoRTPENLRBE M AL EREREH S H Y G824 L EEM B F BT 51T
mm/yr s kne 52016 & £kE BY o AP fRd R ERIMEFRCHELE D BB A
0-20 mm 2_ & ([ 2.110) -

GS44 v.s. 1088

120

80

40

Up {(mm)

|

|

I

|

|

I O
jeRD. O
I

]

|

|

I

I

|
I
-80 o0 :
| | ]
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

-120

Year

B 2.108 @ #* F’“iﬁ?zfr‘i?']fﬁ’}iiﬁ%&-&m88 B GS44 2 R R Ay A “E#EEEOQ o8 o mARAWLE 2010
E304p7 e EE216#27 60 FkE R

Figure 2. 108: Time series comparison between Beimen-Nanxi leveling bench mark 1088 and continuous GNSS station
GS44. The distance between two stations are 0.9 km. The left dashed line is the March 4 * 2010 Jiaxian
earthquake and the right one is the Feburary 62016 Meinong earthquake.
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Figure 2. 109: Elevation change of the Beimen-Nanxi leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. Black is the vertical velocity before the
Jiaxian earthquake of 2003-2010, red is the vertical velocity from 2010 to 2016, and green is the vertical
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Figure 2. 110: Cumulative elevation change of the Beimen-Nanxi leveling route. The dashed cummulative elevation change
line show the measurement after earthquake. Vertical dashed lines indicate the location of active faults. X-
axis is the distance projected along the fault-perpendicular profile. LCAF is Liuchia fault, LHUF is Chukou
fault (Lunhou fault), and CSLF is Kouhsiaoli fault.
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Figure 2. 111: Time series comparison between Shanhua-Guanmiao leveling bench mark G377 and continuous GNSS
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Figure 2. 112: Elevation change of the Shanhua-Guanmiao leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Black is the vertical velocity
before the Jiaxian earthquake of 2002-2010, blue is the vertical velocity from 2010 to 2016, and red is the
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is the distance projected along the fault-perpendicular profile. HHAF is Hsinhua fault.
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Figure 2. 114: Time series comparison between Anping-Longci leveling bench mark TN04 and continuous GNSS station
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Figure 2. 115: Elevation change of the Anping-Longci leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Green is the vertical velocity
before the Jiaxian earthquake of 2003-2010, blue is the vertical velocity from 2010 to 2016, and red is the
vertical velocity from 2016 to the present. Vertical dashed lines indicate the location of active faults. X-
axis is the distance projected along the fault-perpendicular profile. HCLF is the Houchiali fault and LNCF
is Lungchuan fault.
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Figure 2. 116: Cumulative elevation change of the Anping-Longci leveling route. The dashed cummulative elevation
change line show the measurement after earthquake. Vertical dashed lines indicate the location of active
faults. X-axis is the distance projected along the fault-perpendicular profile. HCLF is the Houchiali fault
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Figure 2. 117: Time series comparison between Xinhua-Yujing leveling benchmark J006 and continuous GNSS station
CKSV. The distance between two stations are 0.05 km.

132



23’12

i

o5

S

[

22°48'
22°24'
120°00" 120°24' 120°48'

E 90-
c
e
T 60
[0h])
m
S 30
=
S:J 0__J006
S e ;
E
E 44
= ll
S 01wy
g Joo6
1 %

0 2 4 6 8 10 12 14 16 18

Distance (km)

Bl2.118: 520 A7t 2 2 2 PIACKEF AL B -(a) B ZRAEEAFR (b)) THZFAEL VLot pF
BB 2 KRBT A K o BARETA LS Fipd 20 2 NF R o Bl P LD 87K 3
® 2 FE4 o HHAF 4 371 %7k ~ TCNF 3 2 447k -

Figure 2. 118: Elevation change of the Xinhua-Yujing leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. Vertical dashed lines indicate the location
of active faults. X-axis is the distance projected along the fault-perpendicular profile. HHAF is Hsinhua fault
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Figure 2. 119: Cumulative elevation change of the Xinhua-Yujing leveling route. The dashed cummulative elevation change
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Figure 2. 120: Elevation change of the B003-B092 leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. X-axis is the distance projected along the
fault-perpendicular profile.
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Figure 2. 121: Elevation change of the B036-B086 leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. X-axis is the distance projected along the
fault-perpendicular profile.
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Figure 2. 122: Elevation change of the B087-B080 leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. X-axis is the distance projected along the
fault-perpendicular profile.
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Figure 2. 123: Elevation change of the B002-B059 leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. X-axis is the distance projected along the
fault-perpendicular profile.
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Figure 2. 124: Elevation change of the B110-B101 leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. X-axis is the distance projected along the
fault-perpendicular profile.
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Figure 2. 125: Elevation change of the GO88- G330 leveling route. (a) The distribution of leveling route. (b) The elevation
change and the average vertical velocity in different time periods. X-axis is the distance projected along the
fault-perpendicular profile.
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Figure 2. 126: Time series comparison between Luzhu-Maolin leveling bench mark R016 and continuous GNSS station
GS55. The distance between two stations are 0.05 km. The left dashed line is the March 4% 2010 Jiaxian
earthquake, the middle one is the Feburary 6" 2016 Meinong earthquake, and the right one is the correction
of postseismic slip event.
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Figure 2. 128: Cumulative elevation change of the Luzhu-Maolin leveling route. The dashed cummulative elevation change
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axis is the distance projected along the fault-perpendicular profile. HKSF is Hsiaokangshan fault, LNCF is
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Figure 2. 129: Time series comparison between Kangshan-Anpo leveling bench mark G526 and continuous GNSS station
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Figure 2. 130: Elevation change of the Kangshan-Anpo leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Black is the vertical velocity
before the Jiaxian earthquake of 2004-2010, blue is the vertical velocity from 2010 to 2016, and red is the
vertical velocity from 2016 to the present. HKSF is Hsiaokangshan fault, CHNF is Chishan fault, and
CCUF is Chaochou fault.
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Figure 2. 132: Time series comparison between Jiadong-Qijia leveling bench mark GC85 and continuous GNSS station
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Figure 2. 135: Time series of comparison between Hengchun-Jialeshuei leveling route bench mark G670 and continuous
GNSS station HENC. The distance between two stations are 0.1 km. The left dashed line is the December
26™ 2006 Hengchun earthquake, the middle is the correction of February 2010 and the right one is the
correction of February 2016 velocity change event.
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Figure 2. 136: Elevation change of the Hengchun-Jialeshuei leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Black is the vertical velocity
before the Hengchun earthquake of 2002-2006, blue is the vertical velocity after the Hengchun earthquake
0f 2006-2010, red is the vertical velocity of 2010-2016, and green is the vertical velocity from 2016 to the
present. Vertical dashed lines indicate the location of active faults. X-axis is the distance projected along the
fault-perpendicular profile. HCNF is Hengchun fault.
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Figure 2. 138: Time series comparison between Nanshulin-Eluanbi leveling route bench mark Q014 and continuous GNSS
station KDNM. The distance between two stations are 0.6 km. The left dashed line is the December 26™
2006 Hengchun earthquake, the middle is the correction of February 2010 and the right one is the correction
of February 2016 velocity change event.
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Figure 2. 139: Elevation change of the Nanshulin-Eluanbi leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Black is the vertical velocity
before the Hengchun earthquake of 2002-2006, blue is the vertical velocity after the Hengchun earthquake
0f 2006-2010, red is the vertical velocity of 2010-2016, and green is the vertical velocity from 2016 to the
present. Vertical dashed lines indicate the location of active faults. X-axis is the distance projected along
the fault-perpendicular profile. HCNF is Hengchun fault.
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Figure 2. 140: Cumulative elevation change of the Nanshulin-Eluanbi leveling route. The dashed cummulative elevation

change line show the measurement after earthquake. Vertical dashed lines indicate the location of active
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Figure 2. 141: Elevation change of the Checheng-Mudan leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Vertical dashed lines indicate
the location of active faults. X-axis is the distance projected along the fault-perpendicular profile. HCNF is

Hengchun fault.
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Figure 2. 142: Cumulative elevation change of the Checheng-Mudan leveling route. The dashed cummulative elevation
change line show the measurement after earthquake. Vertical dashed lines indicate the location of active
faults. X-axis is the distance projected along the fault-perpendicular profile. HCNF is Hengchun fault.
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Figure 2. 143: Time series comparison between Lingding-Takigami leveling bench mark G970 and continuous GNSS

station YENL. The distance between two stations are 2.1 km. The dashed line is the Feburary 6™ 2018
Hualien earthquake.
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Figure 2. 144: Elevation change of the Lingding-Takigami leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Blue is the vertical velocity
before the 2018 Hualien earthquake of 2004-2018, and red is the vertical velocity from 2018 to the present.
Vertical dashed lines indicate the location of active faults. X-axis is the distance projected along the fault-
perpendicular profile. LDIF is Lingding fault.
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Figure 2. 145: Cumulative elevation change of the Lingding-Takigami leveling route. The dashed cummulative elevation

change line show the measurement after earthquake. Vertical dashed lines indicate the location of active
faults. X-axis is the distance projected along the fault-perpendicular profile. LDIF is Lingding fault.
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Figure 2. 146: Time series comparison between Guangfu-Toyohama leveling bench mark G991 and continuous GNSS
station FONB. The distance between two stations are 0.01 km. The left dashed line is the December 19*
2009 Hualien earthquake, the middle is the October 31" 2013 Ruisui earthquake, and the right one is the
Feburary 6™ 2018 Hualien earthquake.
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Figure 2. 147: Elevation change of the Guangfu-Toyohama leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Green is the vertical velocity
before the 2009 Hualien earthquake of 2004-2009, blue is the vertical velocity after the 2009 Hualien
earthquake of 2009-2013, red is the vertical velocity after the 2013 Ruisui earthquake of 2013-2018, black
is the vertical velocity from 2018 to the present. Vertical dashed lines indicate the location of active faults.
X-axis is the distance projected along the fault-perpendicular profile. RSUF is Rueyshui fault and CMIF is
Chimei fault.
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Figure 2. 148: Cumulative elevation change of the Guangfu-Toyohama leveling route. The dashed cummulative elevation
change line show the measurement after earthquake. Vertical dashed lines indicate the location of active

faults. X-axis is the distance projected along the fault-perpendicular profile. RSUF is Rueyshui fault and
CMIF is Chimei fault.
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Figure 2. 149: Time series comparison between Hongye-Jingpu leveling bench mark GA22 and continuous GNSS station
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Figure 2. 150: Elevation change of the Hongye-Jingpu leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Vertical dashed lines indicate

the location of active faults. X-axis is the distance projected along the fault-perpendicular. YLIF is Yuli
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Figure 2. 152: Time series comparison between Dongcheng-Fugang leveling bench mark A086 and continuous GNSS

station FUGN. The distance between two stations are 0.3 km. The left dashed line is the October 31t 2013
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Figure 2. 153: Elevation change of the Dongcheng-Fugang leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Black is the vertical velocity
before the 2013 Ruisui earthquake of 2009-2013, and red is the vertical velocity from 2013 to the present.
Vertical dashed lines indicate the location of active faults. X-axis is the distance projected along the fault-
perpendicular. LYHF is Luyeh fault, LCIF is Lichi fault.
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Figure 2. 154: Cumulative elevation change of the Dongcheng-Fugang leveling route. The dashed cummulative elevation
change line show the measurement after earthquake. Vertical dashed lines indicate the location of active

faults. X-axis is the distance projected along the fault-perpendicular profile. LYHF is Luyeh fault and LCIF
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Figure 2. 156: Elevation change of the Gengfang-Dongao leveling route. (a) The distribution of leveling route. (b) The
elevation change and the average vertical velocity in different time periods. Black is the vertical velocity of
2011-2018, and red is the vertical velocity from 2018 to the present. Vertical dashed lines indicate the
location of active faults. X-axis is the distance projected along the fault-perpendicular profile. ILNF is Yilan
fault, ZSHF is Zhuoshui-Lishan fault, and HMSF is Hsiaomaoshan fault.
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Figure 2. 157: Cumulative elevation change of the Gengfang-Dongao leveling route. Vertical dashed lines indicate the

location of active faults. X-axis is the distance projected along the fault-perpendicular profile. ILNF is Yilan
fault, ZSHF is Zhuoshui-Lishan fault, and HMSF is Hsiaomaoshan fault.
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Figure 2. 158: Vertical velocity field relative to Penghu Paisha (SO1R) station in Taipei area. The direction of the triangle
indicates uplift or subsidence; the size of the triangle represents the velocity. Warm colors represent uplift
while cool colors represent subsidence. Precise leveling and campaign-mode GNSS are shown in dark
frames, and continuous GNSS is shown in dotted frame. The duration of GNSS observation is from 2002 to
2023; while pricise leveling is from 2004 to 2023.
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Figure 2. 159: Vertical velocity field relative to Penghu Paisha (SO1R) station in the Taoyuan, Hsinchu and Miaoli areas
from 2002 to 2023. The direction of the triangle indicates uplift or subsidence; the size of the triangle

represents the velocity. Warm colors represent uplift while cool colors represent subsidence. Precise leveling
and campaign-mode GNSS are shown in dark frames, and continuous GNSS is shown in dotted frame.
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Figure 2. 160: Vertical velocity relative to Penghu Paisha (S01R) station in Central Taiwan from 2013 to 2023. The direction
of the triangle indicates uplift or subsidence; the size of the triangle represents the speed of the velocity;
warm colors represent uplift while cold colors represent subsidence. Precise leveling and campaign-mode
GNSS are shown in dark frames, and continuous GNSS is shown in dotted frame.
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Figure 2. 161: Vertical velocity relative to Penghu Paisha (SO1R) station in Chiayi and Tainan areas from 2016 to 2023.
The direction of the triangle indicates uplift or subsidence; the size of the triangle represents the speed of

the velocity; warm colors represent uplift while cold colors represent subsidence. Precise leveling and
campaign-mode GNSS are shown in dark frames, and continuous GNSS is shown in dotted frame.
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Figure 2. 162: Vertical velocity relative to Penghu Paisha (SO1R) station in Kaohsiung and Pingtung areas from 2016 to
2023. The direction of the triangle indicates uplift or subsidence; the size of the triangle represents the speed

of the velocity; warm colors represent uplift while cold colors represent subsidence. Precise leveling and
campaign-mode GNSS are shown in dark frames, and continuous GNSS is shown in dotted frame.
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Figure 2. 163: Vertical velocity relative to Penghu Paisha (S01R) station in Hengchun area from 2016 to 2023. The
direction of the triangle indicates uplift or subsidence; the size of the triangle represents the speed of the
velocity; warm colors represent uplift while cold colors represent subsidence. Precise leveling and
campaign-mode GNSS are shown in dark frames, and continuous GNSS is shown in dotted frame.
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Figure 2. 164: Vertical velocity relative to Penghu Paisha (S01R) statio in Eastern areas from 2018 to 2023. The direction
of the triangle indicates uplift or subsidence; the size of the triangle represents the speed of the velocity;

warm colors represent uplift while cold colors represent subsidence. Precise leveling and campaign-mode
GNSS are shown in dark frames, and continuous GNSS is shown in dotted frame.
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Figure 2. 165: Vertical velocity relative to Penghu Paisha (SO1R) statio in Yilan area from 2004 to 2023. The direction of
the triangle indicates uplift or subsidence; the size of the triangle represents the speed of the velocity; warm
colors represent uplift while cold colors represent subsidence.
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Figure 2. 166: Hsinchu Science Park GNSS horizontal velocity field relative to Penghu Paisha (SO1R) station. Black arrows
denote the campaign-mode GNSS velocities and the white arrows are continuous GNSS velocities. Red line
is the object area of Hsinchu Science Park.
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Figure 2. 167: Hsinchu Science Park GNSS vertical velocity field relative to Penghu Paisha (SO1R) station. The direction
of the triangle indicates uplift or subsidence; the size of the triangle represents the velocity. Warm colors
represent uplift while cool colors represent subsidence. Campaign-mode GNSS is shown in dark frames,
and continuous GNSS is shown in dotted frame. Red line is the object area of Hsinchu Science Park.
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Figure 2. 168: Taipei City GNSS horizontal velocity field relative to Penghu Paisha (SO1R) station. Black arrows denote
the campaign-mode GNSS velocities and the white arrows are continuous GNSS velocities. Red line is the
object area of Taipei City.
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Figure 2. 169: Taipei City GNSS vertical velocity field relative to Penghu Paisha (SO1R) station. The direction of the
triangle indicates uplift or subsidence; the size of the triangle represents the velocity. Warm colors represent
uplift while cool colors represent subsidence. Campaign-mode GNSS is shown in dark frames, and
continuous GNSS is shown in dotted frame. Red line is the object area of Taipei City.
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Table 3. 1: Key points of fault geometry parameter data collection
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Figure 3. 1: The LiDAR DTM in the Tatunshan area shows en echelon arrangement, and the fault line observed in the
northern section has an average height differences of 3.3 m.
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Figure 3. 2: Seismic profile distribution in the northeastern sea area of Taiwan and the comparison map of the fault location
in the seismic section.
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Figure 3. 3: Multi-beam Echo Sounder bathymetry survey in northern sea - light and shadow map of seabed topography.
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Figure 3. 4: The distribution map of Offshore Shanchiao Fault (OSF) and the seismic sections in the marine area.
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Figure 3. 5: (a) The structural distribution map of the northern marine area and the onland area of northern Taiwan and (b)
the interpretation of the LL’ seismic profile.
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Figure 3. 6: The structural distribution map of the northern sea area and the seismic section. The black solid line is the
profile location, and the black frame is the extended area to the sea from the Chinshan fault.
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Figure 3. 7: Substrate profile and seismic profile show that ST-I and ST-II faults have disturbance phenomenon. ST-I is the

linearity of the extension of the Shanchiao fault to the sea, and ST-II is the linearity of the extension of the
Kanchiao fault to the sea.
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Figure 3. 8: Seismic profiles at the flood channel in Wuku and Luzhou, and the seismic survey line is located at the red line
in the map above, and Shanchiao fault is at the left side of the seismic profile.
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Figure 3. 9: Shallow seismic section of the Guandu Plain. The location is shown in blue line on the left map.
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10: Chen et al. (2012) used the displacement of the Jingmei gravel layer to simulate the geometry of the Shanchiao
fault. In the left figure, the horizontal axis is the distance from the sample to the fault, the vertical axis is the
displacement, the black dots are the observed data, and each line segment represents the result of regressing
result of different geometric planes.
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Figure 3. 11: Geological sections across Shanchiao fault.
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Figure 3. 12: Balanced profile P1 with 3D topographic map. The left picture shows the location the structural balanced
section, and the picture on the right is the structural balanced section P1 and the 3D topographic map
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Figure 3. 13: Fault distribution map of marine area and geological sections. The location of section XX’ (top right picture)
and section Y'Y’ (bottom right picture) are shown on the left map.
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Figure 3. 14: Distribution of the earthquake and aftershocks that occurred in the Tatun Volcano area on February 12, 2014.
The upper right picture is the seismic distribution profile, and the section is located at the AA’ position in the
upper left picture. The lower picture is (a) the initial state of the magma reservoir, (b) is the 0212 earthquake
caused by the gravity collapse of the magma reservoir, and (c) is the sequence of aftershocks caused by the
micro-slip of the magma along the fault plane.
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Figure 3. 15: Schematic diagram of the listric normal fault and the rollover anticline on the hanging wall. The Hanging
wall subsides due to gravity to form a rollover anticline when the hanging wall block move with a distance
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B 3.16: £ &4 = (Chevron construction method ) -+ % B (2 :xp Williams and Vann > 1987) - + Bl & 7+ %
FAFRAEANTER R (2d FR) DBwM G FId RRZ AR mip R > F7 F M5 1
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Figure 3. 16: Schematic of the Chevron construction method (modified from Williams et al., 1987). The figure on the right
shows the geometric relationship between the rollover anticline and the listric normal fault (solid red line).
The blue dotted line is the undeformed key bed, the blue solid line is the deformed key bed. A, B, C,..., M are
the undeformed points, which correspond to A', B', C',..., M' after deformation, and the line segments AA',
BB', CC' have the same heave (h). The left figure takes AA' as an example. When point A moves to A' along
the fault plane, the horizontal displacement is heave (h), and the vertical displacement is throw (t), the line
segment AA' is consistent to the fault plane, and the fault angle is a. BB' is parallel to the fault plane A'B",

and CC' is parallel to the fault plane B"C".
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Figure 3. 17: We used the Chevron construction method to establish the Shanchiao fault geometry. The Tertiary basement
profile is from Hsu (2013). The unconformity between the Tertiary basement and Pleistocene sediments is
the key bed. The blue dotted line is the original undeformed surface of the key bed, and the interval of the
green lines is equal to the heave, and the heave is consistent at each location at about 300 meters. The purple
arrows are the fault angles estimated based on the heave.

203



Fe 3.2 0 Liygrit R b & Ap B 2 )I% # % Table 3. 2: References related to the dip angle of the
Shanchiao fault.
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WA T R KRR
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BB ERE R TIER
1R R L AR 2

BRAR
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Mm% (2014)

LA E Pl T

G2 &

0-10km : ¥ 75 &

Nguyen et al. FI* A RRIFORE 24 o
B 8313 2 AT 4 F 0-4km : % 70 &
Puetal. (2017) W RRMEA T 2-7km : 5 50 &
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. 2 E S 8-11km : 25 &
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Figure 3. 18: (a) Seismicity map in Taipei area from 1973 to 2006, blue stars in the figure represent three felt earthquakes

that occurred 3 kilometers south of Taipei 101 in 2004 and 2005. (b) Focal depth profile along the north-south
direction and (c) east-west direction.
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Figure 3. 19: Seismicity distribution and profiles of the Shanchiao fault. The red dotted lines in the profile are three possible
geometries of the Shanchiao fault.
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Fe 3.3 LHrETR FRAPH 2 /F*J% @ & Table 3. 3: References related to the depth of the Shanchiao
fault.
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Table 3. 4: References related to the slip rate of the Shanchiao fault.
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B 3.20: g ke grork g (e L& 2003)-

Figure 3. 20: Fault Outcrop on southern bank of Touchien River.
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Figure 3. 21: Sinotech (2018) compiled the distribution of Hsincheng fault outcrops. Outcrop photos and descriptions are
in Table 3. 5.
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Table 3. 5: Sinotech (2018) compiled photos of Hsincheng fault outcrops. The location is shown in
Figure 3. 21.
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Figure 3. 22: Hsincheng fault trench No. 1.
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Figure 3. 23: Hsincheng fault trench No. 2.
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Figure 3. 24: Hsincheng fault trench No. 3.
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Figure 3. 25: The upper left picture is the SC1 seismic profile, the lower left picture is the SC2 seismic profile. Profile
location is shown in the right map.
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Figure 3. 26: The shallow reflection seismic profile of the Hsincheng fault, and the location of the Hsincheng fault is
indicated by the red arrow.
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B 3.27 37+ % L 2o B (Namson, 1984)c F Rl #7704 % FHZ 3G A F =8 > T B AN 5T §7
% 14-14° ~ 12-12°12 2 11-117 »

Figure 3. 27: balanced profile from Namson (1984). The above figure shows the geological map of Hsinchu area and the
location of the profiles, and the bottom figures show the balanced cross sections 14-14’, 12-12° and 11-11".
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Figure 3. 28: Balanced cross section of Hsincheng fault. The red line is the profile location of (b), and the blue line is the
prolfile location of (¢).
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Figure 3. 29: The balance profile from Huang et al. (2004). The red lines in the upper left figure are the location of LINE4~5,
and the black line is the Hsincheng fault.
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Figure 3. 30: Seismicity distribution and balanced profiles in Hsinchu area.
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Table 3. 6: References related to the dip angle of the Hsincheng fault.
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Figure 3. 31: Seismicity distribution and profiles in Hsinchu area.
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Table 3. 7: References related to the depth of the Hsincheng fault.
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Figure 3. 32:Rupture models of Hsincheng fault.
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Figure 3. 33: Seismic profile of Hsinchu area.

IZU‘.‘I?U"E ]2I'll)’0ﬂ€ E21'%’D"E

¥ ’ - . LA 0 175 18 P e
,_'-"J \‘\\ Y'H'IS :q g ] j B [ ”". Alluvial Fan
4 R 'K 1 : S| emE ] Temscern

N b

Lo M e [ Terrace b2

S ak ] Termace Lt
/f‘.‘i'- B Terrace L2
B Terrace Lt

24°450°N

1 1
Y K 0 04 08 1.6 km
BN

contour line interval:10m

B 3.34  gpan jEpp s g by k& R A =B B (40 7 0 2012) -

Figure 3. 34: Comparison of terraces of Touchien River and the sample location of luminescence dating.
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Figure 3. 35: Profile of Touchien River Terraces and the sample location of luminescence dating.

Table 3. 8: References related to the slip rate of the Hsincheng fault.
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Figure 3. 36: Seismic profile interpretation of Hukou Fault from Tang (1963).
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Figure 3. 40: Balanced cross section from Suppe and Namson (1979)
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Figure 3. 41: Balanced cross section of Hukou fault from Wang (2003)
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Figure 3. 42: Balanced cross section of Hukou fault from Huang et al. (2004)
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Table 3. 9: References related to the geometry of the Hukou fault.
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Figure 3. 43: Geometry models and weightings of Hukou fault (Sinotech, 2020).
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Figure 3. 44: Geological profile from Tang and Hsu (1970).
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Figure 3. 45: Balanced cross section from Namson (1984).
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Figure 3. 46: The figure above shows the Hsinchu fault (red line) and the location of the seismic profiles. The bottom left
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PS-D2 seismic profile (blue line in the map).
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Figure 3. 48: Balanced cross section S from Huang (2004).
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Table 3. 10: References related to the geometry of the Hsinchu fault.
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Figure 3. 49: Rupture models and weightings (in brackets) of Hsinchu fault from Sinotech (2020)
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Table 3. 11: References related to the slip rate of the Hukou fault.

@k i £ FHESF
¥ 74 (2014) o ik 1.1 mm/yr
Chen et al. (2004 ) R 0.5 mm/yr
74 (2012) ﬁ’ﬁbﬁ 7o 1.9~3.5 mm/yr

235




3-1-3-3 ik #7 K

PRGNS FAL 2 FEEEY o (R 0 2021) BATH F 2 974 R > g 4Tk &
Bl 22 > SdBerk o frlerk >t 1935 2370-57 2| B0 A4 AR B2 45 AP
B OREE (L ERF L 1936)

BB ETR T A AR R 2 ;Fﬁeﬁi%&r'f :

P < ik 28 (1936) enTF4h A 4 > WIni WPk B¥EER NS 15202 > ¥k 4w
N30°-40°E » %7k & 8 & R e @ MAL > &) 5 72°-82°-85° » AR LA M & A% o ptoh > d-F 3 i
A ET R KT e B R FA NP RETE LR ERDEBEA - §Bd
% (2004) i LINE 8 T 73] 6 i BB 87k > 215 ¢ WP 8k = Ak 2 HAF 27
AHER VLGOS R P LMEA > LRI E4-2 R (B 3.50) - Sheuetal. (1982) 4]* 1917-
1937 th= & p| € 2 -k #p € T4 (Military Land Survey, 1937) f2 5 g gk ~ &+ yrirk %
o R TR VA S a S50 R M S yrErk 5 LM 80 & (B 3.51) - Huang and Yeh (1992)
R4 AR TR G T T A TSR A 5 558 0 THTK AR S 30 B 0§ 457
A% (B3.52)-

R BT R A AR B Y R e

Lin (2005) % & % %74 31T % & 1973-2003 22+ R P &F A > 87 £ 2 i={6 & 1935 #

Fre-s ¢ AR A RREF R X BB EREEL AF

S
33
i
,‘m
&
;‘ \
\"-\-

i
SA
K
I

YTk T Rl RAPE FELE AT A BBRIG Yo R T AETR
Mow TR eE 1022 99E (B 3.53)-

g ik (2020) & 7otem 2 BHEARK < R erk M 4 5 40~60 & (& #8) 40 R 4E
£03°50R#E 0460 BEE 03; FFEUEFRS 6~10 22 -6 224 E 038 224
0410224 ¢ 03

FEM L 2k FIFadE (2004) s Bt LML e R RETR 2
P - R AFEFREE ST 2EHEY FREE (2004) cnT 7)o % > ¥ F M
SR S o Tiryp? A (2020) BER B2 EE S AT SO RE R 8 SR
Fatrgy o

Frg ST R B R E AR P e

Shyu et al. (2020) 4] * + Fiee 4o 5 874 452 3 F 9 5 0.6~5.0 mm/yr > T B TR &
&ém%0§’ﬁ§$%%ﬁﬁﬁﬂ$ﬁ%Oﬂdhmwﬁ

236



- o ‘ W
LINE N4 N ’ig
LlNE 8 LY -%% %‘a“

=E
.

Nvguc"" X ol . I |
0 s - e 0
AN R\ O | ik
2 S O | cLeims 2
3 e S O |csmAins 3
: 0 | KC:t it -
SF: L E
E 'I'U:tli.: ]NC:#EI .I_5
W |Kvenguys) PPt O
: o M (rnane {canaonl®
7 [ |PLssd mH
0 1 2 3KM
ol 2 3 g O stk P
| TKAEN
9 MS:A L& -9
10 . WS Zii % 1°KM
B 3.50 : Mopdrk T3 a (F0%8% >2004)0 2|t =8 =30 2 F Bliosg WP L A R Fd S
gq-;};] /f@ °

Figure 3. 50: Balanced profile through the Zhihu fault established by Huang et al. (2004). Porfile is located at the red line
in the upper figure, and the Zhihu fault is located at the blue arrow in the profile below.
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HORIZONTAL s h
DISPLACEMENTS

¢ (deg) & (deg) Ai{deg) L(km) W (km) D (m) M,(dyne-cm)

Fault 1 157 80 0 20 10 1.5 9> 10%
Fault 2 293 50 90 35 10 2.0 2.1x10%

¢é: dip direction, d: dip angle, A: slip angle, L: fault length, W: fault width, D: amount
of slip, My seismic moment.
Bl 3.51: f1# <3 BlE ﬁ“} fr%"ré] #-4)% % (Sheuetal, 1982)  Fault2 3 A& %éﬁ (ZEF&@”T%;) > Faultl 3 & &+
HET R o

Figure 3. 51: Fault models by analyzing geodetic data from (Sheu et al., 1982). Fault 2 is the Zhihu fault (Shihtan fault),
and Fault 1 is the Tuntzuchiao fault.
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Figure 3. 52: The left figure is the inversion calculation results and the observation data of the Hsinchu-Taichung
Earthquake. The rectangular area in the picture is the fault plane projected to the surface. The right figure
is the Shihtan fault model, and the arrows indicate the sliding direction on the fault plane (Huang and Yeh,
1992).
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Figure 3. 53: The left figure is seismicity distribution map. The circles are the data from Central Weather Bureau from 1973
to 2003. The white-black circles are the data from Taipei Meteorological Observatory (TMO) in 1935. The
red stars are aftershocks from Nasu (1938). The focal mechanism with earthquake magnitude larger than 4
from TMO is shown in black-white color. The focal mechanism of main shock in 1935 and aftershocks are
shown in red-white color (Cheng, 1995; Lin 1987). The right figure shows the seismicity profile along BB’,
and the location as well as the projection width of BB’ profile is shown in the left figure (Lin, 2005).
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Table 3. 12: References related to the geometry of the Shihtan fault.
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Figure 3. 54: Geological map and seismic profile of Daan anticline.
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Figure 3. 55: (a) 1:100,000 geological map of Miaoli-Taichung area from Taiwan Petroleum Exploration Division, CPC.
(b) Geologial profile C and (c) profile D.
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Figure 3. 56: Balanced cross sections through the Sanyi fault. (a) Geological map around the northern area of the Chelungpu

fault. The red line is the location of the Chelungpu fault, and the brown line is the location of the cross sections.
(b) Balanced cross section aa'. (¢) Balanced cross section Bf'. (d) Balanced cross section o' and seismicity.
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Figure 3. 57: Seismic profile and geological balanced profile across the Sanyi fault. The left figure is the geological map
around the Sanyi fault. The red line is the Sanyi fault, and the green line is the location of the seismic profile
S3, and the blue line is the location of the balanced profile line 7. The top right figure is the seismic section
S3, and the bottom right figure is the balanced profile line 7.
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Figure 3. 58: Seismicity distribution and projection around the Sanyi- Cholan area.
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Table 3. 13: References related to the geometry of the Sanyi fault.

e S i e R
=mEE (1962) BORIZ] & £ 20 R
Linetal (1989) | RATHERSTER 9z
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Hung and Wiltschko P e~ A RE |20 R 0 Ak 45-9 1
(1993) ROBIFOR s T @ s 38 1 (b ' T
ao’ 2o X 25 B s
, B e B ot « A K
Yuetal. (2005) BOEe 2 RER | BR2le 930 A )~ g
0w’ H 4 15 & T
Yang et al. (2007) BB R TR G HL 158 52801}
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2lm = RET R

10km —m = s e 5T
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BI3.50: = R¥rh e (BfFeh ) 28Rk e &4 (2020) ERZ = REE D Fa P 28

Az 0 AL P @A (2020) % T2 B RAHR o
Figure 3. 59: Sinotech (2020) Geometry models of the northern segment (north of the Chelungpu fault) of the Sanyi fault.

The blue dashed line is the geometry of Sanyi fault in the balanced cross section, and the red line is the
simplified geometry of Sanyi fault from Sinotech (2020).
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Figure 3. 60: Geometry models of the southern segment (south of the Chelungpu fault) of the Sanyi fault from Sinotech
(2020).
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Figure 3. 61: Seismic profile of Tuntzuchiao Fault. A: Seismic profile of survey line 05P-TTC-HLO02, B: Seismic profile of
survey line 0SP-TTC-HL04, C: Seismic profile of survey line 05SP-TTC-HLOS, the location of the profile is

shown in the left figure.
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Figure 3. 62: (a) Map showing the location of seismic profiles across the Tuntzuchiao fault (b) seismic profile A_tz with

interpretation (c) seismic profile D _tz with interpretation, the black dotted line is interpreted as the Sanyi
fault.
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Figure 3. 63: The left figure shows the distribution of active faults and the location of seismicity profile in the Miaoli-
Taichung area. The top right figure shows the seismicity profile and focal mechanisms of C-C’, and the
bottom right figure shows the Vp tomography.
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Table 3. 14: References related to the ieometi of the Tuntzuchiao fault.
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Figure 4. 1: The input values of the BLOCK model with the 1269 GNSS velocity field (the deep gray arrows) from 2016-
2022. The red lines indicate strike-slip faults and blue lines indicate normal/reverse faults and the
corresponding color bars down to the figure.
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Table 4. 1: The result values of the 7 faults in northern Taiwan modeled with 1269 sites GNSS
horizontal velocity field. The positive strike-slip rates indicate left-lateral moving and the
negative values indicate right-lateral moving. The positive dip-slip rates indicate reverse
moving and the negative values indicates normal moving.
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Figure 4. 2: The modeled dip-slip rates of each segment modeled with 1269 GNSS sites.

254



Okm

2512
24°48’
24724
e ®
N./R. Faults Velocities (mm/yr) R N 1 Fault
_i ._.71,.‘.9....1, everse/INorma auits
“ ——— Strike Slip Faults
p— OS(’)trzke Slip OFSaults Veloc:;zes (mm/yl:)5 Original GNSS sites,
Tammmm——————— )  ° from 2016-2022.
——
120°24' 120°48' 121712 121°36' 122°00'

Bl 4.3:2023 &2 & %7 igsrk 4w S F S %

Figure 4. 3: The modeled strike-slip rates of each segment modeled with 1269 GNSS sites.
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Figure 4. 5: The results of GNSS velocity field modeled with 1269 GNSS sites velocity field which the standard deviation
is 20.685. The red arrows are the modeled results, the deep gray arrows are the original velocities and the blue,
red and dash lines are the faults and block boundaries which follows the icon chart within the picture.
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Figure 4. 6: The digital terrain model of northern Taiwan. The black lines represent the boundary of blocks as their name
were marked on the black boxes. The red line and the dots show the activity faults and their nodes used in our
model: 1.Sanchiao Fault ; 2.Hukou Fault ; 3.Hsinchu Fault ; 4.Hsincheng Fault ; 5.Shihtan Fault ; 6.Sanyi
Fault ; 9.Tuntzuchiao Fault.
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Figure 4. 7: The location of the rotation poles for each block were marked with block names (red characters).
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Figure 4. 8: (a)The rotation rate of blocks. Blue for clockwise rotation, and red for counterclockwise rotation. (b) The
velocity filed predicted only by block rotation.
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Figure 4. 9: (a) The longterm fault slip rate. (b) The distribution of coupling coefficient. (c)The deficit rate on the fault
surface. (d) If we take the longterm slip rate and minus deficit, we can get the interseismic slip rate.
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Figure 4. 10: Model prediction and residual from best-fitted block model. (a) The GNSS horizontal velocities from 2016

to 2021. (b) The predicted horizontal velocities including block rotation and fault slip deficit. (¢) The residual
between observation and model prediction.
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Figure 4. 11: Internal strain within each block. Red and blue arrows represent maximum and minimum principal strain rate.
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E 4

Figure 4. 12: Model prediction and residual from best-fitted block model. (a) The GNSS vertical velocities from 2016 to
2021. (b) The predicted vertical velocities including block rotation and fault slip deficit. (¢) The residual
between observation and model prediction.
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2420 PEME LAY ~ AR A F RFLE FLINTRIZ it

Table 4. 2: The location of rotation poles, the angular velocities, and the standard error of angular
velocities of each block. Along with the maximum, minimum axis, and the azimuth of
error ellipse for each pole.

B ek | prn | FER i;f A% #h ;i E &b
i (@M Gegmy)| =% | ey |
(deg) (deg)
EURA 180 0 0.00 0.00 180.00 0.00 0.00
WCPN | 120.99 | 24.365 -1.38 0.01 35.69 0.00 0.00
WTFH | 121.217 | 25.063 -2.51 0.02 26.86 0.01 0.00
MIAO | 120.856 | 24.437 -7.01 0.14 45.35 0.01 0.00
CHMO | 121.007 | 24.845 -6.40 0.11 30.71 0.01 0.00
HSSH | 122.473 | 25.63 -3.64 0.02 44.52 0.01 0.00
TAST [119.865| 21.919 3.85 0.02 19.64 0.02 0.00
SYSG |[120.526 | 23.861 11.99 042 29.16 0.03 0.00
TAOC | 120.671 | 24.767 4.71 0.15 96.56 0.02 0.00
WNOR | 120.977 | 24.992 7.28 0.04 70.97 0.00 0.00
HSIN | 121.154 | 24.75 -6.12 0.23 58.64 0.02 0.00
ESHC | 121.062 | 24.924 -8.26 0.38 5.39 0.01 0.00
YMSD | 122.001 | 24.822 -2.16 0.05 126.95 0.02 0.00
NORT |121.299 | 22.518 -0.75 0.03 8.48 0.12 0.01
NHSS |121.624 | 24.75 -7.81 0.05 35.01 0.00 0.00
ILAN |124.091| 26.317 9.38 0.08 50.62 0.03 0.00

4.3 8k 2 FESEFHLE (Shyuetal,2016) 2 T32f45:E 5 o

Table 4. 3: The minimum, maximum value of geological fault slip rate and the long-term slip rate,
deficit rate along with their standard error calculated by our model.

EREBEIE FEDE | p | R |z og s 20w

TR (PR FE) B A T 5% 4L
2 @ @ PSR TS " o 5 "
(mm/yr) | (mm/yr) (i) =5 (i) -
oo B 1.1 2.94 2.22 0.53 0.57 0.86
P 0.36 3.65 3.10 1.27 0.93 1.14
7 0.18 1.57 3.46 1.95 0.57 1.18
TS 0.39 4.09 4.18 1.77 3.03 1.99
¥R 0.61 5.32 4.22 2.37 1.38 2.20
R 0.41 4.61 14.95 4.80 7.33 6.87
3 gr 0.23 1.67 4.51 3.81 0.97 1.52
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4-3 AsmB%F w173 (Baseline Inversion Model )

4-3-1 %7k A R i * 2k

~3+% & * Johnson (2013) 2 ** Okada (1985 > 1992) a8+ L & '3 B %7K 45 o fcd) 97
B chik UL S0 o A R R R AT - R AT BR AR AL T
PR frdr A 4 T S 2 A E B P A e ¥ A & A AR BRI A FH I T
Py o4 #3235 (Steketee, 1958 ) #7iF = 2 %7k 45 = #-3] (Okada, 1985,1992) > H 32245 8 1 *
SEFHEFE L AP AR CHBEBRF R A T D e @ W AR L 2
fFEILS B3 R 025 chiFt B4 (Poissonsolid) 324 E (elastic modulus) (1) %
3 78 (shear modulus) (p) 2 sE {248 o - F & (fault patch/fault element ) %74 4%
BAu; (&, 85, &) ¢ RIDFHOe MBI L 6 A2 2B FAy; (xq, xp, x3) > BB Gdost 41

’f’Li’}—lJ o
=11l M [A8u S+ <—l+"“l ) 1vidy, (3 4.1)

He > F 2% 4 8.2 (8% 4 5§, % 5 Rp sudfic (Kroneckerdelta) » % j=k P¥ > djk=1- % Al
5 05y s & 23 £ H i (surfaceelement) ) 2 4832 S B> o Aui frAyj ch¥ =8 - R
4ok EHERE A AS R Y LOHE =3 mm/yr ok EHREF RSS-S0 F L9H =5 mm
B me st 401> W, E - BETA 6 H = (patch/element) TR FHSE 0 § iE- 2 A
HrAgA 4 { e #2008 dE-#2Er2 088 230 STAE T FBEFY &
AL B S = sk K Ll

AL RFEAST BEFSEEF A B EF DM G AL ERATTAB B S R
HREL WA e Sl f2rA =E (km)~FEAR (km)~ & & (km)~ B A (km)~ 4w (°)-
a (9)c B 8k =3 Edp¥rk o THY Bl SRR LApUrh o T aiER (R
4.13)c ¥k F# 2 (faultslip) ¢ 3 = B> w94 £[S1,82,83] » » %11 = # (left-lateral strike
slip) ~ i f® (reversedipslip) % © 3% (tensileslip) 5 & * & o FHE®R & RRZ ST EH
KA - B g gA e kS E (Siostrikeslip) &2 % F 4B (S20 dipslip) 3 &7 4L
i%ﬁf\*/%%" REF AT ] g WRFHBE (S3) TR FH & (rake) dpom 7K 1+ i ApHt
W2 R e o Bo¥T A B 2 M % 5 tan(rake) =S2/Si e # & =4 & (displacement )

Fis ¢ 2232w £[ULU,LUs]» »~ %24 (East)~ 4 (North) &2+ (Up) 51 3w o
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kT i+ # & (horizontal displacement) B % sqrt (U2 +U2?) e

AAMRBRLIFHAY > BRA T AORR AR TR G g N 2R
Flt AP R IEGT U BRI ST R LRI L E RS- H T U E B

Pleb 2o AR % S (Johnson » 2013 )« pab BF A& 2 s2 = k% 2 = 44 % N = £ 35 (Delaunay
triangle ) > 3% > ¥ & jplapo LRI E SR (F o L A2 W E F (elongationrate) ¥ & 0 i &
ARARRHERLE B PP IAR w228 T EEZARL R E AL
",‘TT hasmE (34 4.2) (Johnson » 2013) -
e=AL/Lo (4 4.2)

He e AR EF AL G A EARMERZEEE > " TLAIZPHERLE» & AR 2
FEE Los ARRAE R -

fj‘bf&ﬁ%"%l; TR AR ST B Sl 2 A AR R X BRI BB TR L
ftkd i G d Okada (1985 > 1992) i &2 ~ﬁkﬁmyw@&@@ﬁ FELL s ¥4
AN EFELD doPIB AEREEEFHEIFFIFZM G  Gs=d k&x o AFF P
FE RS HAL 2 FELEL I ) D RBFEN 3L E ) ERREIEEFSEE LG
i -

2

F(s) = ”Z_%(GS —d) (34 43)

E@
BE

$

Bl 4. 13 87k 4 e 2 87 AP S8BT AR F 9 o S8 o8k S Sdkce 7094 8 (km)~F A& (km)-
K& (km)~ %R (km)~ 4% (°)~ & (°)-
Figure 4. 13: Perspective schematic view of fault dislocation model and its fault geometry parameters. Fault geometry
parameters include fault location (km), depth (km), length (km), width (km), strike (°) and dip (°).
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4-3-2 Tk WL %

ﬁp;iiﬁi?%%%%’#ﬁsﬁiﬁ%%»@wiﬁﬂe  He B TS BRI T D
GNSS 2 # %R B F AL 3 2 R AEUTR 2 AR R R AR e R RGP
BRI BASIEE F AT o I RRBRHA S TR TERAE R LB R LT
FHEE S ToE (£ 4.4) 23 ;ﬁd ARMBRF FHA S > FR B ®m B

FHMESE O DR KT 0 KB RS SR RS S S

AFECR® * 2016-2022 PFERF EL2 i B B R BT ETE B BEAI S R R T OF S8
SLOPE TR P ST FHBASEE AT ZERGEHA 0 2 BES 656.2mm/yr (Bl 4.14) « B iE i
EYECIEE

Ly R TR ARSI & 5 3.942.6mmiyro A & B¢ N8 KRR 9 0-6 2 1 4 F
B F B RIS 118 mmiyr 0t Ak A (B 4. 15) o Ligrsi ks Rl SBASIE 5 5 7.84 %
10%* dyne-cm/yr °

ATES R T IOUTA A ASAEE S 5 3.9+ 19 mm/yr o 3 & B P NETERER Y 04 2 2§
Moo F Bt R BASIE S 9 7.5 mmiyr AUk A (] 4. 15) 0 RS ETE RIM BRI 5 5 718
x 10% dyne-cm/yr -

Fo 4.4 8k T B R F
Table 4. 4: Average slip deficit rates.

T4 s T P .
#k A i A i A 4k & (n;r‘n/yr)
(s.s.mm/yr) (d.s. mm/yr) (mm/yr )

oL T R 2.2 2.7 3.9 2.6
o v ek 1.1 0.7 1.5 1.0
AT TR -39 -2.5 4.9 2.9
AT5 BT R 3.0 2.3 39 1.9
Wik ST A -0.3 -0.6 0.9 0.5
= E R 7.0 -13.2 15.8 6.9
3 RrET A 2.6 1.3 4.2 1.6
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Figure 4. 14: The model applies the velocity from 2016 to 2021. (a) Horizontal velocity observation; (b) Vertical velocity
observation; (c) Horizontal velocity calculation; (d) Vertical velocity calculation; (e) Horizontal velocity
residuals; (f) Vertical velocity residuals.
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A IRy T BT R F M SR & 4 # B Figure 4. 15: Fault slip deficit rate of northern Taiwan.
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4-4 33 T 2 TR KA AT S

S EEHE NN FOE B AR RBIE S AT ¢ T

BT ALRETR AT ETR

TR AT T

FrB dTh ~ = RETR B 3 yretk o 3
L

2 BLOCKS #£7%] ~ DEFNODE #7422 £ 4 s % #0733+ & & #7 %] T B RS RE F 0 A0
¥ 54 2016 & 2022 & #7ELR| T GNSS i# B H-% fF R E T 2 FETE B BR o 4
ALIRE F kg 2 WA TR ) 0T R RS R S Ao L 4.5 % 0 Bior 2 HCRI 2 R B
BPENZ R 2Z BRI F AR BN 0 B L LT o AP EE R (ATOAEF
ﬁi%*ﬂg ) BRI E S A F AR 416 1o o
F 4.5 A3-F 2 2016-2022 & 4o g T 0% R A G E 5
Table 4. 5: Weighted average slip deficit rate in this project, 2016-2022.
Baseline
BIMOOSEI;S Tfo(EgDE Inversion M A=
Model RS &
uh LA R - 39 LR BEER | TR BE (mm/yr)
i# & (mm/yr) #F (mmlyr) | @& F (mmlyr)
R 2.2 2.1 9.1 44
oL BT R I35 1.8+0.2 0.5+0.8 3.942.6 2.0
TR 1.4 0.0 0.0 0.4
R 2.1 6.8 7.7 5.5
ATIS TR I35 1.9£0.1 3.0£1.9 3.9£1.9 29
- 1.7 0.0 0.1 0.6
iy 1.1 3.1 3.5 2.5
5T I35 1.1+£0.0 0.9+1.1 1.5+1.0 1.1
TR 1.1 0.0 0.0 0.3
iy 0.7 2.7 10.7 4.7
Fro 8T R e 0.7+0.0 0.5£1.1 4.9+2.9 2.0
TR 0.7 0.0 0.0 0.2
R 2.9 5.7 1.9 3.5
Wik ST R L5 2.9+0.0 1.3+£2.2 0.9+0.5 1.7
TR 2.9 0.0 0.0 0.9
R 2.1 20.9 29.6 17.5
Z R ETR T35 1.9+0.1 7.3+6.8 15.846.9 8.3
TR 1.7 0.0 2.0 1.2
F R 0.5 3.9 7.4 3.9
* T BT A = 0.5+0.0 0.9£1.5 4.2+1.6 1.8
TR 0.5 0.0 1.0 0.5
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Figure 4. 16: Distribution of fault slip deficit rates with the object areas (Hsinchu Science Park and Taipei City).
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Figure 5. 1: Rupture cases and weights of the Shanchiao fault.
A5 1 Ly R S ARME  fr R
Table 5. 1: References of the long term slip rate on the Shanchiao fault.
S S s .
Sl LT > ek
FE L apE) P FE
1.1~2.4 IBIHREFOFE) :
— Weietal. (1998)
1.2~2.1 IRIRHFHREQR2EE)
L ir o Y o~z | AP Re EB LA oL Fy 4N
1.8 ¥ AEFLT00E s LU BAEEE R o al (2001)
0.4Ma
P - Huang et al.
- _ A H ; L
3 0.7~1.8 SCF-1, 2,5, 6,14, 15, 16, 17 #&= 5 K ¥t (2007)
Y ’,“_:;::L.‘r;-’ : _ 2} 2 % X /Aas A & N .
1317 Lk oA & 500-680 AR &R 04 Song et al. (2007)
Ma
1.2~1.5 B 15 T 15 e L% (2008)
33 SCF-1 > SCF-2 > 7 "% 1 % Chenetal. (2010)
A 0.8~1.5 ST-I-1 |@ 2 spi=q £ b4 i PR A £
(i S A L [P wan us)
\ ® TRl LE AEE/ LA 2 H A8 E N
) 1.0~1.9 ST-I-2
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F5.20 Lgrde kR AR SR > RS E F=[2E FHE X /sin( 4)]

Table 5. 2: Net slip rate calculate on the Shanchiao fault.
L3 A

A

B ol T N W s B
s 038 0.9
1.9 2.2
ey 63
N .

%0530 Liyrerk BB (case A) A F3t 8

Table 5. 3: Slip rate calculate for the whole Shanchiao fault (case A).

oL e L e e oL e A L %r s oL e B

V(mm/yr) | V(mm/yr) | L(km) L(km) V(mm/yr)
- 0.9 0.8 0.9
¢ 1.6 23 53 30 1.9
R 22 3.7 2.7

FS.4 T Ly R 2 R B E B G R

Table 5. 4: Area and magnitude of each rupture case on the Shanchiao fault.

Wells and Coopersmith Yen and Ma
(1994) (2011)
Z | £ -
’i’f R Yk A e AR| A (BB & - H0RE 0 3% ) | (BLA o 2R
= (km) (km) (km2) (Mw) B 14 5\;)
-0 viE | o (Mw)
HE| A | 83 . 1334 | 6.8 7.1 7.4 7.1
" FR& 0-8 km, & 63°

*E&| B i ’ 2 . . 2 .
E 53 R 8-11km, 7 & 25° 16.1| 85 6.6 6.9 7 6.9
28| C |30 482 6.4 6.7 7.0 6.7
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Figure 5. 2: Logic tree of the Shanchiao fault.
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Figure 5. 3: The recurrence relationships based on characteristic earthquake distribution for each rupture case of the

Shanchiao fault.
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Figure 5. 4: Recurrence interval - weighting relationships of the three rupture cases on the Shanchiao fault.
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Figure 5. 5: (a) The summed magnitude- weighting relationship for the whole branches of the Shanchiao fault. (b) The
summed recurrence interval - weighting relationship for the whole branches of the Shanchiao fault.
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5-1-3 Li%rdT R 48 3321

BEFPLAATEZ S RRFERFRL R - Iy RFL 2 FRF > 4 i BPT
50 B L Aree g Ak 30550 2 100 # 0B 2 S 0 R L Y Rk B R A B 1
- XFAPEF LT A 1867 £ 0w B 1694 £ 0 Fp At H i BPT 0 F305 0 @ B
BB Bt - S 4 PR L Rdr o TP A2t H 4% POISSON HEN it (7327 o

% 5.5 5 Lgrdtk BPT W= B % » AcB R 5 0 ~ 2023 » FF A &k 30 # ~50 &
2 100 #4343 BERB63~T4 2 #F 5 57%9.1%% 162% ;% 4 ¥ RERN 65 11+ 2
W5 449 ~729%% 13.5% ° ¥ FEK B S - o 4 B A4 2 POISSON #i5 3-8 2 %

Fu L 559 LR o

L0505 0 LoATETA B 4 B SRR

Table 5. 5: Earthquake probabilities for the Shanchiao fault in this project.

30 & 4 % 50 & 4 % 100 = f
P RER | A POL A : POI A : POI
M (Mw) |[B:BPT| POI | B:BPT | POI | B:BPT | POI
C : BPT C : BPT C: BPT
63= M =74 | 57% | 48% | 9.1% | 78% | 162% | 14.6%
M = 65 44% | 41% | 72% [ 6% | 135% | 12.8%
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Figure 5. 6: Rupture cases and weights of the Hsincheng fault.
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Table 5. 6: References of the long term slip rate on the Hsincheng fault.

L8 |
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}f: f;(?gg‘(‘)g) " " B geie 1o | 669k 1.27 23!
f# (2012) Py ## | Bk F2 | 23ka 1.0 1.8!
%E (2012) Fep ## | 50k Ll | 333ka 1.1 2.0!
= f (2012) Fep ## | 5% L3 | 669ka 1.4 2.5!
4% (2003) | Fis weE | sk L2 | 400ka | 0.088-0.88 | 0.16-1.6'
ThRAE (2003) | 44 FH | PERw 28.5ka 0.73 >1.3!
T4 % (2003) | #E4 TR | PERE 28.5ka 0.37 >0.65'
2% (2003) | BRIFH 1.24 Ma 0.88 1.0!
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Table 5. 7: Area and magnitude of each rupture case on the Hsincheng fault.

B 5.7 ¢ 3735 87k BARA

Figure 5. 7: Logic tree of the Hsincheng fault.
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Figure 5. 8: The recurrence relationships based on characteristic earthquake distribution for each rupture case of the

Hsincheng fault.
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Figure 5. 9: Recurrence interval - weighting relationships of the two rupture cases on the Hsincheng fault.
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Figure 5. 10: (a) The summed magnitude- weighting relationship for the whole branches of the Hsincheng fault. (b) The
summed recurrence interval - weighting relationship for the whole branches of the Hsincheng fault.
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Table 5. 8: Earthquake probabilities for the Hsincheng fault in this project.

P RAE 30 & # F 50 &£ # % 100 & #% %
M (Mw) BPT | Poisson | BPT | Poisson | BPT | Poisson
63= M =72 7.7% 5.7% 12.5% 9.2% 23.6% 17.4%

M = 6.5 6.1% 4.9% 10.2% 8.0% 19.8% 15.2%
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Figure 5. 11: Rupture cases and weights of the Hukou fault.
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Table 5. 9: Vertical rates of borehole layers at the hanging wall of the Hukou Fault.
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Table 5. 10: Area and magnitude of each rupture case on the Hukou fault.
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Figure 5. 12: Logic tree of the Hukou fault.
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Figure 5. 13: The recurrence relationships based on characteristic earthquake distribution for each rupture case of the Hukou
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Figure 5. 14: Recurrence interval - weighting relationships of the three rupture cases on the Hukou fault.
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Figure 5. 15: (a) The summed magnitude- weighting relationship for the whole branches of the Hukou fault. (b) The
summed recurrence interval - weighting relationship for the whole branches of the Hukou fault.
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Table 5. 11: Earthquake probabilities for the Hukou fault in this project.

P BAE 30 # % 50 & % % 100 & % %
M (Mw) Poisson Poisson Poisson
6.0= M =70 5.8% 9.3% 17.4%

M = 65 1.3% 2.2% 4.1%
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Figure 5. 16: Rupture cases and weights of the Hsinchu fault.
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Table 5. 12: Area and magnitude of each rupture case on the Hsinchu fault.
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Figure 5. 17: Logic tree of the Hsinchu fault.
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Figure 5. 18: The recurrence relationships based on characteristic earthquake distribution for each rupture case of the

Hsinchu fault.
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Figure 5. 19: Recurrence interval - weighting relationships of the four rupture cases on the Hsinchu fault.
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Figure 5. 20: (a) The summed magnitude- weighting relationship for the whole branches of the Hsinchu fault. (b) The
summed recurrence interval - weighting relationship for the whole branches of the Hsinchu fault.
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Table 5. 13: Earthquake probabilities for the Hsinchu fault in this project.

P BAE 30 £ #% % 50 & % % 100 & #% %
M (Mw) Poisson Poisson Poisson
64 =M =74 6.2% 10.1% 18.9%

M = 6.5 5.5% 9.0% 17.0%

295



= K ETR

5-5-1 = £ %R S8k 2

5%%%9ﬂﬂﬂﬁﬁwﬁim’#béwﬁﬂ&ﬁ$oA:;%%%&+¢£u%’%

RTFIRad AuE kR gk A BB AT 5o e £2 RETE
B RrETR L€ 2 e ERABRER O EERM R E 02B = RUTE BB f i ETR

FPER LT ENM) ORI AFAETBEINAE LIRS RS 05:C 2 AR
Ko B ek A (2T Es) B B AR HRER AL T NI REE KL
02:D: = RETAFEAH > P fbMt i P B0 s EEXR S 0.1

AR LMEZ BHIFR AR ETS @ ERER LR AP E T
Yang etal. (2007) T 3le » A B MEER TS ISR > FR 10 22 o 5 (5D 4 5 4k

2 AL REASS PG TN BRER 0 L L3580 ER8 AT o

e

ZHREE LY FHE S > Shyuet al. (2020) 1245F40 3 2 & M @F42#E F 95
0.1~0.8 mm/yr » I 11 #F & 10~20 A 4t 8 (7 3| & & iF H & 5 5 0.4~4.6 mm/yr - B~ 0.4 mm/yr 5 &
ERT R B £(02) 4.6 mm/yr 5 BIEHE B (0.2) BHEHY & 5 (0.4+4.6)/2=2.5 mm/yr >
1# £ (0.6)

AT B2 AT BARBR &~ Wells and Coppersmith( 1994 )% Yen and Ma( 2011 )
2 ¥R AP A RAEAREZ gk o8 > H P s Wells and Coppersmith (1994) 2 &8 X iF
éJTLQi’%514%ﬁé3%%%§ﬂﬂiﬁ%%%%ﬁo

ZREE LS EEE s feideR) 5.22 A7on o

296



A(18km) B(21km) C(23km) D (44 km)
0.2) (0.5) (0.2) (0.1)

B 5.21 0 =2 R¥PA 2 » B2 BB st
Figure 5. 21: Rupture cases and weights of the Sanyi fault.
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Table 5. 14: Area and magnitude of each rupture case on the Sanyi fault.
Wells and C ith
© sarz 1990: I)Jersml Yen and Ma
o e RIS A ARG == T S
% 2 |(km) (km) |(km2) ) (Mw) (B o 3 -4
4 X
BEAEEETE S e
& 0-10 km
A | 18 A - i - 38.6 | 695 6.6 6.9 7.2 6.8
M & 15°
& 0-10k
B | 21 A - m; - 38.6 | 811 6.6 6.9 7.2 6.9
M E 15
# & 0-8 km,
C |23 - dcfg,f J 13.9 | 321 6.3 6.6 6.9 6.5
"B & 35
& 0-10km,| /#& 0-8 km,
D | 44 Fh 150 e 350 1132 | 6.8 7.1 7.4 7.1
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Figure 5. 22: Logic tree of the Sanyi fault.

5-5-2 = HWTR AW E g4 &

EUTE LB AT 2R s v ) Bk BRI D - 2 RRFTIERER B 523 5 4
BRLHE BRS04 B2 Frs RGN A T
5222 = %k BIERT FIA8BA L EBA LY HEL G Bk RIS
B2 (5 BS52454BBATE 2R RRFRIERET-ELEA, T H -
Mew A AR N 2 AR E T EDIR 525 (a) 2= RETA RBE-ELEA TR BT
b R RREER-EL A TEIRS25(b) 22 A %WAF ERAFTHREF-ELL T H -

298



AT RS RS

B ¥ & Pk RS

Sanyi fault

IChar. EQ Mw= 6.6~ 7.2
41 b= 0.81
ISlip rate= 0.4, 2.5, 4.6 mm/yr

4’ Observed fault
———Char. EQ. Model

Cumulative Annual Number, log
o

(Fault Area= 695 sqr krr;) .

_5 T T T T L T
2 3 4 5 6 7 8
Magnitude, Mw

Sanyi fault

Char. EQ Mw= 6.6~ 7.2
41 b= 0.81
Slip rate= 0.4, 2.5, 4.6 mm/yr

ql Observed fault
———Char. EQ. Model

Cumulative Annual Number, log
o

(Fault Area= 811 sqr km) )

T T T T

2 3 4 5 6 7 8
Magnitude, Mw

C% & par BT

D ¥ & Ak RS

Sanyi fault

IChar. EQ Mw=6.3~6.9
4 b=0.81
ISlip rate= 0.4, 2.5, 4.6 mm/yr

$  Observed fault
——Char. EQ. Model

Cumulative Annual Num ber, log
o

|
=

(Fault Area= 321 sqr km)

-5
Magnitude, Mw

2 3 4 5 6 7 8

Sanyi fault

Char. EQ Mw= 6.8~ 7.4
4+ b=0.81
Slip rate= 0.4, 2.5, 4.6 mm/yr

& Observed fault
—Char. EQ. Model

Cumulative Annual Num ber, log
o

(Fault Area= 1132 sqr km)

_5 T T T T T
2 3 4 5 6 7 8
Magnitude, Mw

B 5.23: = &4k AT 2 EA BRG\RA e a4 S22 %

Figure 5. 23: The recurrence relationships based on characteristic earthquake distribution for each rupture case of the Sanyi

fault.
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Figure 5. 24: Recurrence interval - weighting relationships of the four rupture cases on the Sanyi fault.
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Figure 5. 25: (a) The summed magnitude- weighting relationship for the whole branches of the Sanyi fault. (b) The summed
recurrence interval - weighting relationship for the whole branches of the Sanyi fault.
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£ 100 &5 4 4 RAERN63~74 255 5 5.5% 8.9% % 16.6% 1 3 4 ¥ RAERK6.5 11
W55 52% ~84%% 15.7% -

Table 5. 15: Earthquake probabilities for the Sanyi fault in this project.

P BAE 30 & % % 50 & % % 100 & % %
M (Mw) Poisson Poisson Poisson
63 =M =74 5.5% 8.9% 16.6%

M = 6.5 5.2% 8.4% 15.7%
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Figure 5. 26: Rupture cases and weights of the Shihtan -Tuntzuchiao fault system.
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Table 5. 16: Weighted average slip deficit rate in this project.

% S.

Table 5. 17: Slip rate calculate for the Shihtan -Tuntzuchiao fault system (case F).

Baseline
BLOCKS TDEFNODE [se e e
Model Model Model ## 45 i
D) % Je5 ip X
Eh 24 Uk Lok A iE | TN H AR E ﬂfi}éﬂg £
= ZF (mm/yr) % (mm/yr) (Irijyr) (mm/yr)
I 29 57 1.9 35
Zﬁﬂ [ oy 2.940.0 13422 0.9+0.5 17
B < 7 29 0.0 0.0 0.9
awe LR 05 39 74 39
N T 0.5:0.0 0.9+1.5 42:16 18
B T f 05 0.0 1.0 05

17 -

ik —= 3 gtk k si(case F)V wgves w3t X

FEA| FEV | 23WA| IV FRBAV

(km2) | (mm/yr) | (km2) | (mm/yr) | (mm/yr)
V1R 3.5 3.9 3.7
VY| 366 1.7 538 1.8 1.8
VTR 0.9 0.5 0.7

20518 kb 3 grEck ot BA T EANE L

Table 5. 18: Area and magnitude of each rupture case on the Shihtan -Tuntzuchiao fault system.

Wells and Coopersmith| Yen and Ma
(1994) (2011)
gk BB 3 b= LS ; - Rl
¥ . (km) (km) (km) (km2) ) (Mw) BB 5%
-0 AT +c (Mw)
A 17 13 13.5 75 229 6.2 6.4 6.6 6.4
& 3 Br
B 40 13 13.5 75 538 6.6 6.8 7.0 6.7
C 15 8 10.4 50 157 6.0 6.3 6.6 6.2
& | D 25 8 10.4 50 261 6.2 6.5 6.8 6.4
E 35 8 10.4 50 366 6.3 6.6 6.9 6.6
R+ TTCF: 40 km|TTCF: & & 75°;% & 13 km
w39l B | STF:35km| STF: # 4 50°%% 08km| 0¥ | &7 [ 70 |73 70
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Figure 5. 27: Logic tree of the Shihtan -Tuntzuchiao fault sysem.
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Figure 5. 28: The recurrence relationships based on characteristic earthquake distribution for each rupture case of the
Shihtan -Tuntzuchiao fault sysem.
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Figure 5. 29: Recurrence interval - weighting relationships of the six rupture cases on the Shihtan -Tuntzuchiao fault system.
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Figure 5. 30: (a) The summed magnitude- weighting relationship for the whole branches of the Shihtan - Tuntzuchiao fault
system. (b) The summed recurrence interval - weighting relationship for the whole branches of the Shihtan -
Tuntzuchiao fault system.
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Table 5. 19: Earthquake probabilities for the Shistan fault in this project.

Pk RAE 30 & 5 50 & 4 % 100 & %
BPT Poisson BPT Poisson BPT Poisson
(Mw)
6.0~7.3 1.6% 3.1% 2.7% 4.9% 5.9% 9.1%
M =6.5 0.3% 1.3% 0.5% 2.0% 1.4% 3.9%
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Table 5. 20: Earthquake probabilities for the Tuntzuchiao fault in this project.

P BAE 30 &£ % % 50 & % % 100 & 4 %
M . . .
BPT Poisson BPT Poisson BPT Poisson
(Mw)
6.2~7.3 2.3% 4.3% 4.0% 6.8% 8.6% 12.6%
M =6.5 0.5% 1.9% 0.9% 3.2% 2.5% 6.0%

Fo 521 D R S HPETR K SR A SRR

Table 5. 21: Earthquake probabilities for the Shihtan - Tuntzuchiao fault system in this project.

P BAE 30 & % % 50 &£ # % 100 & #% %
M . : :
BPT Poisson BPT Poisson BPT Poisson
(Mw)
6.0~7.3 3.6% 6.5% 6.4% 10.4% 13.6% 19.1%
M =6.5 0.5% 2.4% 1.1% 3.8% 3.0% 7.2%
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ACTIVE FAULT PROBABILITIES OF THE OBJECT AREAS IN NORTHERN AREA OF TAIWAN
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Figure 5. 31: Active fault probabilities of the object areas in northern area of Taiwan.
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Figure 6. 1: Relationship between observations and the interpolation points of triangle.
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Figure 6. 3: Distribution of principal strain rates.
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261 ¥ PR 2 B F U] (F FAR L 2004)

Table 6. 1: Discontinuous displacement limitation of bridge
* & 0 (1/1000)
7|2 R [l
L Al T 78 # 7 &
(km/h) (mm)
L=50m L=50m
70 7 7
110 6 6
% 3 160 2 5 5
210 4 4
260 3 3
70 6 6
110 4 5
2
ko 160 3 35
210 2.5 3
260 1.5 1.5 2
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Figure 6. 6: Parallel displacement pattern of bridge. Red line represents the change of bridge location after displacement;

L is the span length (m); 0 is the deflection angle (ﬁ).
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Figure 6. 7: Angular deflection pattern of bridge. Red line represents the change of bridge location after displacement; L is

the span length (m); 0 is the deflection angle (lolm).
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6.2 ¥R 2 7 @ F R (P FAR L0 2004)

Table 6. 2: Discontinuous displacement limitation of bridge.
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Table 6. 3: Table of surface deformation intensity level.

2 BRFS=-2%E -
. % 4
B n (pstrain/yr)
0 0 BHELPE R KT R
AZHE 300 £ 14 b ENE S AZHE 200
1 0<n<0.6 EN P EERE S AZWE 100 & 2 A

EEGE -

%150 1 300 & &4 @ 5 9 100 %
2 0.6<n<10 200 £ F 5 5 4 50 1 100 & i&
ot iE o

%90 % 150 & E ¥ ;460 3
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M iE o
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Figure 7. 1: The distribution of grid points on the surface for scenario ground-motion simulation.
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Figure 7. 4: Scenario earthquake shaking map of the Shanchiao fault using GMPE Chao20. (a) With a site condition of 760
m/s (b) With a specific site condition correction.
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Figure 7. 12: Scenario coseismic displacement map of the Shanchiao fault in Taipei City.
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Figure 7. 13: Scenario coseismic displacement map of the Shanchiao fault in Taipei City.
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Figure 7. 14: Scenario coseismic displacement map of the Hsincheng fault in Hsinchu Science Park.
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Figure 7. 15: Scenario coseismic displacement map of the Hsincheng fault in Hsinchu Science Park.
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Table 8. 1: Fault geometry parameter data comparison in northern Taiwan.

Bk (018%) | ~ERTE (2023 #) % ox
e | EAR (km) | W& | #A (km)
tey | 100 0.0-9.0 63.0 0.0-8.0
350 | 9.0-150 | 25.0 8.0-11.0
40.0 10.0 35.0 0.0-4.0
F7 5 8 KTwH 728
35 4.0-9.0
wr ek | 600 0.0-7.0 60.0 0.0-7.0
gty | 500 10.0 50.0 0.0-7.0
10.0 7.0-10.0
FEEE | 500 8.0 50.0 0.0-8.0
- gy | 250 9.0 15.0 0.0-10.0 it
35.0 0.0-8.0 Y ek L
43 aree | 750 13.0 75.0 0.0-13.0

8-3 AN HFBATHE F R
#3412 BLOCKS ~ DEFNODE £ A & & % = A > 444 5 B4 30k F ais s 47k &
Tk FBEER S NEEERFSEEEF c AR e 3 TIHEFFEE > A8 5 0 LYk -
AR P U BTR S ATOETR C FRETE = RETE B 3 yrdtk o d Y = AR R
K Foi g A8 0 F g Z AR E D F T AT R U

L
T A RS o
*?%%iﬁﬁﬁﬁﬁﬁi“ 8 (£82) B33 LB2 RAFTHNERY I ik B B8

A S Sl M (28 1) X HE Awh- g AT T A e T TR 2

by PR B R T TR K S- AR (T 4] Aot BT A A HR D RSB E S A R o

355



#0821 A RE R UTR R ARSI SO0 A

Table 8. 2: Fault slip deficit rate comparison in northern Taiwan.

BLOCK Model | DEFNODE Model | Baseline Inversion | e {2 550 il
Model @ &
% tf;‘ B tf;‘ W g tf; B A E R
(;(;18 (2023 (;(;18 (2023 (;(;18 (2023 (;(;18 b 4,&( 2)023
#) #) £)

LogrEth | 23401 |1.8402] 0.8+ 1.4 |0.5+0.8| 3.4+2.1 |3.982.6| 1.9 2.0
3B K | 22403 [1.950.1] 03420 [3.0£1.9| 1.4+13 |3.9¢19| 13 29
BT ER | 4201 |1.1£0.0] 0.6+ 1.6 |0.9£1.1| 1.9+0.9 | 1.5£1.0| 1.8 11
FrH %k | 08402 [0.740.0| 1.0£1.8 [0.551.1] 1505 | 49429 | 1.1 2.0
FRER | 3.1+0.1 |2.950.0] 4974 |1.3£2.2| 9.8+2.4 | 09+0.5| 52 1.7
Z B4R | 22401 |1.950.1] 5.8+4.8 |7346.8] 7.8+3.3 |15.8469] 5.9 8.3
L5 grgchk | 12400 [05£0.0| 1.1+£35 [09+1.5|29+13 |42+1.6| 17 1.8
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A 1-1

AR ETE A AT G B 2 R T RN

U R Sk NEFELHEN
O  EPI IR R A FERSUTE B A
o %%/?ﬂﬁﬁﬁ%%mpio
HE R LR @ MR b RS TR K g6
® WG HEER AU 2L K LR -
® TG FHEE S T6 -
® ERFIAM LARFRAE] LD
L L T2 ’Ffr’%ﬁ s Tl ng;{f;z-,g\;‘ﬂ%7 °
R |4k Bt 2| @ &%lﬁfré] PIER A, AL BRPIEE T A - 3R o
= & i %fhﬁ’ﬂ*’“fﬁf’”” ARSI
® e i%%*ﬁ*%%ﬂUQﬁ@ﬁﬁbﬁ;ﬁxﬁgp%O
&= ([ ,i}‘é] n-h,;,:.@] ﬁ;ﬁ‘i%,; ’ lufré] A %~ ME A ﬁ%u}h:'ﬁﬁﬁt ﬁlj—_}\é’-iﬁ‘:#
SN IR AL T -
f2| 3D ARG | @ FIRERITRR D RS A A ER
® Bt EMEFERE o T = Mg e
) i*"z’t\»'&*ﬁ—éi% BT TR A o
ok 441 ® HTR ARITH R o
® UGPSHRHFHGE BZRBREEHF B -
e | @ EHREAAAL R ISR ERE AT AT MR
Bk T At Lﬁaﬁ— i‘ﬁ;ﬁi‘o
- 4 o R RRTOR M R e
FTER e &ff“ RFT L : (%7 1‘%;& #’j BUTR P IF EE) o
g & EYUTKFHET U GPSHEARFEH R RET IR
g THFBEF |0 LPEhkFBEFd A IR E I RRE -
ii gapsy | O 1T E AL RRURLTE © B 6o nOL R
; B e ek 2 #0252 BB -
S L e I E Wk A E TR A B R g
?; /r’ﬁ”F’a&H{- Alb;_l_ 4\@)?1;2; o 3 = —Ji
wapayp | @ TRERBG m%ﬁﬁ?kﬁﬁf‘m@ 55 A i
BB AT R 2 AR B o
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5% , Ja—
1-2 %k #5-3
TEEER R S e dnh S8 T E RS A G S PR T LB ¢ R A AU
?@‘@iiﬁ@aﬁ@?a’%%1%@wﬁaww@L4%%ﬁo

e

Uz AP PR B E R C AR A ER S 6 B RSB A o 1Y B M G
TR G R R (CHEI1-5) BlY Po (X, y,z) 2% 287K At gb2 Bk > Po (Xn, Yo, Zn)
SEE A 020 U R BECAS DAY A6 P UTA FLEEPa Po ok T2
L8 P iR PhE Poa X 2 wed 5 AcosOs 2 Y 2wt S-Asin0 -~ 2 Z 2w i
A5 Do FptE sy ke P EA 8 Pranz A (Xo,YnZn)e Bt itk o £.d = &
7 B engk (vertex ) #rie s o
R EE AT AR A A A AR - AR R T AT RARE T R
ﬁiﬁagoi%ﬁ—égﬁ,ggﬁﬁ%i%ﬁwk%ﬁﬁﬁkﬁg’ﬁé%&%go
MERG G HE -6 2 F R WG02 & ¥ A LR Y 2 Uk AL A s Bl 0 San
Andreas Fault »~ % SAN ~ SAP ~ SAS = £ ; San Gregorio Fault # 3 SGN ~ SGS & £ » & &
T B St Aot 12970 0 R LSRR R CTRE FHBES UK KBS K
fo » LA ﬁi‘flﬁg FORMAAHB A e & > wm 1-7 i $-% Hayward -Rodgers Creek fault
AR BN EL L NAH BRAHAT R ERIEREF R T A &
oo per PR ZBE T3 ETA 2 B -

CL AR D N RS TN )
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Xp=X+Acos0
Y= Y- Asin®
Z,—Z+D

I S

e £ ER R AR
— —— &) 9o B A& &R
@ wiE @eEis

O sl ke kA
~2_

=

LSRR TS Y

+37*
123*

W 1- 6 %7k & B4 % B > San Andreas Fault 2 4 £ : SAN ~ SAP ~ SAS ; San Gregorio Fault 2. 4 £~ : SGN -
SGS (4 #-p £ W USGS WG02 38 £ % > 2003) -

¥t % 1-2 : San Andreas Fault 2 San Gregorio Fault & 4 fx2. %3 (fE&-p # KW USGS WGO02 3%
242 5,2003)
T oW

Length, km Width, km R (sais. scaling factor) Slip rate, mm/yr

Fault Seqg. | Preferred  Min Mo | Preferred S90% bounds Valuas Waights*| Preferred 95% bounds
San Andreas  SAS 62 47 77 15 13-17 0.8/0.8/1.0 (a) 17 13-21
SAP 85 60 110 13 11-15 0.2/1.0 (b} 17 13-21
SAN 191 171 211 11 9-13 0.9/1.0 (b} 24 21-27
SAD 135 115 1556 11 9-13 0.9/1.0 (b 24 21-27
San Gregorio  5GS 66 46 &6 12 10-14 0.8/0.8M1.0 fa) 3 1-5
SGH 1o 85 134 13 11-15 0.8/0.8M1.0 [a) 7 4-10

* Weights: (a) Mean and 90°% bounds: 0.185/0.63/0.185. (b) Only lower 20% bound set: 0.1850.815.
{c) Weights determined by WGE02: 0.4/0.5/0.1 (see text). (d) Equal weighting of 1/3 on each branch.
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L 1|
3 ) 1o
RC RC O o : =
+ + y 3
— z T 12
HN HN =z T Z 9
= + 1=
+ T X
HS HS 3 » 13
' 2
(a) B & o F& (b) B X,
Model A Model B
22 .36
= 1 o 1
1 1
1 1
' | |
1 1 1
1 I 1
1 =] ! =] !
1 03 06 55 .25 .05 .05 10 .40 40 05
: e e Model C Model D
1 1 .31
1 [=] 1 a 1
1 | I
1 1
: : :
i 2 3 4 5 I I
=} ! =] 1
07 20 10 55 08 a3 07 .15 .70 05
() & H FE M mb (d) = H 45 XA & 55 AL

R L. 7 d gk e R 2 A LA (a) BT Bé e % 2 2% » 2 Hayward -Rodgers Creek fault
bl AP ZBEEATE S (D)A®Y VAL 2 B e s (4t 7 PS> 3¢ floating earthquake ) ;
()= SHApAEE ) (D)RERAR 2 FEFEE e (&P £ W USGSWG02 454 2 >
2003) -

374



13 ¢ RAHES DS

Fd BT R B RN SR T RTECY L B RAET oW e v Rt g
PRIATEE SR T

Wells and Coppersmith (1994) X2 % ¢ 7 244 B3 BOFfE > f* P FHRE? 5
TR FrwEe A A B ST LT (dodle ~ T~ BETR ) $ RN BT £ 9T
CHTR GRS B R A2 BenRE Rt (A 1-3)

=t

Zapik (2000) A5 SH F 1993 F 3 1098 £ 0 HCA 50 B LN > RIRIER
20202 06 B R NE 99 ESBEE R ERFRE AR B2 AL (K
6.0)° @2 b RERHE RR oA £ (L) %k o f# (A) %k T=F#iE (D) B
BE 7% > doi B 1-8 X B 1-10 #57 » Hiamg AN 4

Mw = (1.32+0.122) log (L)+(4.817+0.132) (£ 1-1)
Mw = (0.82+0.071) log (A)+(4.61+0.141) (£ 1-2)
Mw = (1.83+0.39) log (D)+(6.85+0. 23) (£ 1-3)

Hanks and Bakun (2008) # ! 2 Rz /® & & scalinglaw 7 B » & %7k & & § 537 T

G2 SR At B BB RS S

M =log A+3.98+0.03, A <537 km’

(34 1-4)
M =4/3log A+3.07+0.04, A >537 km’
Shaw (2009) ™M & ZiRiFR 1% 5 4] 0 22 M-A 2 B %5,
max(l, ,f 5) ‘
—logA+ log + const. (5% 1-5)

1 1 /2
[1+max(1, 2ﬂ)]

3% 7% ¥4 Hanks and Bakun (2008 ) % Wells and Coppersmith (1994 ) z_ @23 £ 7 — 4+
fEf o F 2 AER H=15.6 2 B=6.9 PF L B it f2 > A Fl 5 FHTH K T e if
£ 87k o Shaw (2009) % 5% B & 5 fr8rk $ sk At M 2 S8 d 3¢ 58 B 5 B0 i et
B> BARZSM AN SBE RV L REBRRFRGZ 3522 5 =69 ¥ 159 B -
% #c (const.)» p* ¥ HAAFAEBA ¥hE o B 1-11 ¢ » YenandMa (2011) ¥ & # #
HARA 55 10100 2 1000 = > A& Mw-A 0[] F ¥ 12 "F% FlEEEZ RS EREM RS

%3¢

o

i B g 10-100 © 0E & 0 F 4 i fF B
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YenandMa (2011) #2487 S8R LA 2ZE B R T AFE RR SR R A
W Bk E R A TR BAEZ AN %o 4o Bl 1-12 577 » (Me<1020 Nm)

L N - Y .
',t'? ‘_‘;t_t%g = }\‘ L

logLe = (1/2)log Mo-8.08 (54 1-6)
log We = (1/2)log Mo-8.08 (54 1-7)
log De = 1.68+8.08 (3 1-8)

(Mo=1020 Nm) H ‘gz =5 5 ¢

logLe = (1/3)log Mo-4.84 (54 1-9)
log We = (1/3)log Mo - 5.27 (5% 1-10)
log De = (1/3)log Mo - 4.37 (Y 1-11)

AP E AT AU 2 A BARERE AR A AL L ERThESR O kPR
4r Yenand Ma (2011) 2. 5% = 5% > 3+ 24012 Kanamori (1977) 2. R4EE i 35\ i
7 o

¥ ¢bs ¢ %< Wells and Coppersmith (1994 ) /55 = ABRFEAAR 2rhen
BRFTHEF®FE T UEBHET R EREE LR R EBLRY A8
B P a2 BREk § B EF T2 5% FB T IR A RREL R R o

it % 1-3 : Wells and Coppersmith (1994) 5 2 %7k $#c2 » RERHHM 20

B & 27 3 ik = & BN S (Mw) B IsiogcL.a, or D)
T B R 43 M, =5.16+1.12 log L 0.28 |log L=0.74 M,, -3.55 0.23
e R BAEELRL 19 [M,=5.00+1.22 log L 0.28 [log L =0.63 M, -2.86 0.20
g (km) 15 M, =4.86+1.321logL | 0.34 [logL=0.50 M,-2.01 0.21
3R 77 My =5.08+1.16logL | 028 [logL=0.69 M, -3.22 0.22
T B R 83 |M,=3.98+1.02log A | 023 [log A=0.90 M, -3.42 0.22
i ET R B A 43 M, =4.33+0.90log A | 0.25 [Log A =0.98 M, -3.99 0.26
hy 9% (km?) 22 M, =3.93+1.021og A | 025 |LogA=0.82M, -2.87 0.22
i 148 M, =4.07+0.98 log A | 0.24 JLog A=0.91M, -3.49 0.24
T R 43 M, =6.81+0.78 logD | 0.29 [Log D=1.03 M,, -7.03 0.34
e R »iesED | 21 M,=652+0441ogD | 0.52 [log D=0.29 M,, - 1.84 0.42
-2 (m) 16 M, =6.61+0.71logD | 0.34 |Log D =0.89 M, -5.90 0.38
>0 80 |M, =6.69+0.741og D | 040 |LogD=0.82 M, -5.46 0.42
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8 T ]
— e %ﬁﬂ. 2000 . —— M LRI Leg (B (3820297} .
- Wells and Coppersmith, 1994 T — Sk, 2000 k -—- Foln ik, 2000 5
~~ M. — Wells and Coppersmith, 1994 .
’
J s
T ‘ 74 _.C- // 15
y 7
;.
'
/
= . . 4
£y o —
-
e LR . +
s .-
.0,,' il . A + B
' . 5 |
LE T
- 1 L] 1
LagiD )
(] 1 2 ] 1 2 3 4
LogiL) LogiA)

R 1-8 B RERNLEE LR HB -9 ¥ REREEE S HE 1-10 0 2 RERKEEE TS
2 B & 2 B 1% g 2 Mk

[ T BT R ETIT BT AT EASrE T AT BT
O Taiwan
85 4| + Global L
< Mai&Beroza(2000)
g |- Hanks&Bakun(2008) -
h(15.6)48 9) Shaw(2009)
7.5 J| = nesopes Shaw(2009) L
7 = -
3
=
6.5 1 3
6 - -
5.5 - L
5 - / =
,/
4-5 4 9""' — LI llllll LA 'l""'rl L § Illilll LI R AL

10° 10° 10* 10°
A(km?)
SR L- 11 = BB TR o AE 2 B AW (4E4-P Yenand Ma > 2011) -

10°
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(a) 1 1 1 1 1 1 1
34 A Dip=slip logL = (1/3)logM,, - 4.84
@  Strike-slip k
E 2] I
2 - i
g
0 - -
logL,, = (1/2)logM, - 8.08
'1 T T T T T T T
15 16 17 18 19 20 21 22 23
log(Mo) (Nm)
(b) 1 1 1 1 1 1 1
3 - logW, = (1/3)logMy - 5.27 i
£ MV i
= 1- A :
g
- C -
logW,, = (1/2)logM,, - 8.08
'1 T T T T T T T
15 16 17 18 19 20 21 22 23
log(Mo) (Nm)
(C) 1 1 l 1 1 1 1
3 - logD, = (1/3)logM,, - 4.3'.’k A N
_ *e A '
E 2] ._._uﬁ_’A I
= * A
2 11 A B
3
0 - logD, = 1.68 B
'1 T T T T T T T
15 16 17 18 19 20 21 22 23

R 1120 E R Tk (a) ok & Le (b) §2c% & We (¢) § 2cT30if 4 £ De &4

#p Yenand Ma » 2011) -

log(M,) (Nm)
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14 3 BgF 3 U S a0 RS

B R F R

Bimt o dok R NEHF R AL REH TR TERI e R FH § LRI R
IR 2 > PR A IEAAAL S ¥ RE RO -

o EIRRIP WA G = fa A AR (Lay and Wallace » 1995) @ 4o Bl 1- 13 » dzif 4™ ¢

1. #pcs ZH5 (the characteristic earthquake ) @ 4% ek BV 4 7 s P27 4 1l ~ 12
2L o A RUTA B g A - e TEEEFRER RS > LI I - freho
R RPE G AR AR AN L FL Al ERERER A W R
Bed el A L RE o TRAop o BAF AT AR E T - R
ParkfieldehSan Andreas fault™ % — B 53 o pt %74 A 1857& 10 % > & (T + RAPF 0
PERF IR T 2 3 0 54M> 6 R

2. PERYV IERIHC;S (the time-predictable earthquake ) @ P A ¥ 3R HE5S Bk $7k 50 & A
e B R T kS IR ZRHPERST AR il
Wit X FTEAR O HERADY LTI AR c G BT B EE
Aot o g d Aot i g o Tt o b BAABH G AP BF R L apE
BARE Rl kT eh d hE 82 0 R o RABTOFREHEET > g B4 %

«br

Aoy RREOFHE 0 FETIERBEGCT UAERIT - B RO A BFRE o dode M ARIT
B4 L% % dCalaveras¥rk 11962-1977% ¢ » F S RAB EAFHTLELFHE
it L SEM G

3. F# ¥ g RIS (the slip-predictable earthquake ) @ 7k gﬁ:zT; LA g 2 R
FUEF A BN e e B F SR AR R P M2 R R R
TR PG 2 o R AT TR AL TR ERN §F 2 5 R R &
TR A R AR F AR e (2B e R A ) s i v EaiT - B N e
oo VURPIAFARRETRET P CRBTR R R - T LG RTR AT A
(RZFFRTZWBFARFR ) Fli ARGl o

BB A R e ok e
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a b c

Characteristic Time-Predictable Slip-Predictable
3 W D W M
w
)
L
& T T2
= u u u
]
E
)
Q
=
a
R
o

time time time

VR 1 13 BTA AfEE R L IR RS P RY n AETRE R R LAY o FRETE LR
BRonifBa#l Bt » FReE2ZBES > THY uiSEZ ARFBE 29 (a) Fhs
ERE RIS AFFEL CFREY R FH LRS- o (b)) FRETARRIB > BREABR G
i@’aﬁ%%ii@*éfwn%’ﬁgéiﬁgwﬁ’ﬁaﬁﬁﬁ@J%{&“wﬁ’fﬁﬁﬁ
BLRTORE > APTT RS AR RSB EIERT S RFLZER 0 (c)FH T IR
PR KU e R A R REREET 2 ek R - AR R L LR A
TEIRRETA AF PR EF L F AR P2+ R (B p Shimazaki and Nakata > 1980) -

F R 2
PREAE A IO G- BT s LA gi(1)R 1p #c - 7% (truncated exponential
model ) & Hldp foop o # s (exponential magnitude distribution ) » 12 % (2) ik B st
( characteristic earthquake model ) ( Youngs and Coppersmith > 1985) e
Bodp Bl - R R EREE DRSS RF B R RS R L ks R
{# & Gutenberg-Richter & #ic ( Gutenberg and Richter » 1944 ) o -4 2 itk @ 3 - B-H - 97k &
SiA B & aF ey B (Youngs and Coppersmith » 1985 ; Wesnousky > 1994 ) > e & F #cik
FEETR j R R e g RRE i b e gy SRR R
EHo L AETE RRSEBELTFR A A RAZ» BREEF L FF RUFERF R kR
itfi 5 & 32 (Schwartz and Coppersmith > 1984 ; Youngs and Coppersmith - 1985 ; Wesnousky »
1994 ; Davison and Scholz > 1985) « } i & $FHN 207 J* @7k F B F & » REF ~bE
( Gutenberg and Richter » 1944) % &+ ¥ it & £ > 2. (Youngs and Coppersmith » 1985) -
PSR BT B BB R 0 ] AL B 2 SRR K R S AL
PRBPACEFE VG MG EA) a2 RETEE Y € U F DRI EATE 2 TR~ )
R SR M AR R0 4 5 3F F R HE kB Bk RIS R B ETR o R
# 4 % (Schwartz and Coppersmith » 1984 ; Coppersmith » 1991 ; Davison and Scholz > 1985 ;

Wesnousky » 1994 ) o = 2Lfid B e 4 F & ﬁfﬁiﬁhc} PEFHEAEG v e B WE LR
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<

&,
S

s

¥ e 7 = % » Schwartz and Coppersmith ( 1984 ) i& {7 Wasatch%7 % % San Andreas#74 @ =
B AR %
Py Bl ek BAHCE 4 5 4_d Youngs and Coppersmith (1985) # ) » B3k * 2RAEeh

WOk BTR R e RECSS 0 Bl 1- 14 % San Andreas¥t R ¢ 3 B SeE st ¥

P2 1 SR Ja—
./fgf(i"'ﬁ%“}o

e

*3_2%((5‘; %iﬁ.ﬁfﬂ—w&\ W me-1/2T me2 & > 2 % i—ﬁdﬁ‘:ﬁ/]*i_g{% %"’ﬁ p—}:]i‘:’/r’);fi :;4 i
Pk B AR R A 52 S 40T T

N(m) — N¢ exppB(m—m,))—expcpim, —1/2—-my))
10 —expe-f(m, —1/2—m,))

Y 1
+NC fO}" m() Sm<mu_5

- . m o —m 1
N :]\]c u 1. < . 1-12
(m) 1/2 fOl" n, 2 m<m, (-} )

L—\N z N¢ /,,\Fajxi«z\d;fﬂﬁﬁ:/}fmfg_ \;‘*"ﬂihﬁfﬂ—’\mﬁ&%%nﬂuﬁ E 2 % 0 moz
moA B BB LR TOUE 0 m i gt 2 R N = N(m, —1/2) L
BARW A S mel2 B EF 2 F 0 A RiEmo I s RE S K e L

N(mO):Ne"'NC o F1-12¢ N°g& N¢ecrs 4tk o #3¢ 5 (faultsliprate) % 7

N":lf ebIn10 -exp( =B (m, —3/2-my))
2 (I—exp( m, —1/2-my)) (& 1-13)
e = w4, S - (1—exp(=B(m, —m, —1/2))) (& 1-14)
- —c/2 —c/2
exp(—B(m, —m, —1/2))- M, (m,)-[2 10 Dexp(HA=1077),
(c=b) c
113850 1-149 o ApRUR ST R & ff 0 SEUTE B A S o pAER R BT 4 ol (rigidity

shearmodulus) » — 4% 5 3x10''dyne/em? » & * e B3 B3 Mo (mu) - @ e d €5 1-144h
¥ 8 o
S-S5 40 2 BAE S AR A 3 JORIRT 0 B R 2 O RS L B
TS e RS el R RE R RS A R R RAE S A AR AT R
TR FPSHAR 5 % 4 1-14 £ 7 B i R 2 S 5 5 & AR B madm/260

B W

N m;=m, 7' =" max
v(2) =Z Z/l(m) Z (R =T, ‘ml,]

n=l  m;=m, (;\ 1_15)
A(m,) = N(m, —dm/2)— N(m, +dm/?2) (54 1-16)

+ N ehdm F PSHA & 47 PR * ey B ALHCR BE o
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SOUTH—-CENTRAL SEGMENT
SAN ANDREAS FAULT

T T T Irnr
Ll 1181l

1.0 .
5 - LogN=330—-088M
g B -
- [ [+]
i
s 0.1 = _E
A = E
B - .
E B \ i
= —o—|
2 001 \ -
3 E \\ 3
3 b —
£ - ]
a - © 1900-1932 \ D -
e 1932-1980 \ .
0.001— & 1857 Aftershocks \\ ~
\ 3
[~ . —
| L1 1 I
0.0001 3 ) 3 6 7 5

Magnitude, ML

B 1- 14 ¢ San Andreas $74 ¥ # F2 Hfcs RS 0 BV R BB T B FoZ A% LHERPET
oo e AL BEEREFLEE FAEETOTEFELEF > R BN a5
ML G L %% (48P Schwartz and Coppersmith » 1984) -

10 T L] L 1 ! 1 T

Annual Number of Earthquakes, N (m)
= =
b o

1072

4 5 6 7 8
Magnitude, m

R - 15 BRAR R A AT e B A GRS B BN LR > R RN A o
B ARG R BN A o (4% P Youngs and Coppersmith » 1985) o
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15 55

B 2 Pt B AT RS B ER 2 Rl & BN RERICL 4] 2 &
FAE A EFA FEBETLREY  APTRLLREDF BB R I R H 2R
Bt hhSEsds e R o

PERBRARZF ATV TR A BT - F 2 B SR ¢
MR FETEF 2B Glhe R R 2 B L o %A SlaTE E 2 N Ao Bl - 1697 0 R
RO SR L LPFRR IS M RSB RERITHATL F R P32 4

2 ARTF ES Reehg ff o EERF NG

F(T)-F(T + AT)

FCD) (5% 1-17)

P(T<t<T+AT[t>T)=

K(T) :Tf(t)dt (3 1-18)

WIFBRIBDERPRE RZ FEBE PR TRERET M
(1) Poisson model
AEBRAPER s F ¥ R & & &8 (Poissonmodel ) KRR o UGN ERE B AP
FEFERRY PEEFTIIT A M- (x RRERFR AT R NI LY TIHF R
EXIA o T ET
fExp(t):}“e%t (;tl_lg)
HOLG & BRAEEE RAZE RE 2 F o iPoisson model? » $37 - 45 T2 PR A 15 1
RIS RFRERAt 2 E BAA G L E e BB K oo Flpl g Bk L

—AAt
l-e (1-20)

PR B R A SRR SR AL ) Blacd BB R A K

(2) Brownian Passage Time (BPT) model

P ARRE- TR RFA '}F—ffz’“/f«—‘\e'@‘& RAFR- T2 8 2872 75
# 4 ¥ - # & (Ellsworthetal., 1999 ; Kaganand Knopoff > 1987 ) - & écit iz ffi; I "5 & 7

SHE B2 R B - BRI ERFIEL V- BEERE Lo 2N e 1210
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a:/%i?x—mz (5% 1-21)

BPT » # {5 % & Snfiche™ > H ¢ a=o/p :

C(-w)
fapr () = Ej;g?;;;e 2uta (5 1-22)
hBPT(t)zl/(zlua2) (& 1-23)

& % S ¥ (hazard function ) heer (t) %t=0p% 5 % > I € SEpF A briprdf >t — B & - BPTeh
AR B dta Fodk ) feer (1) BERKF2EE ) Fads » wBERFTF{rL T g
72 > fepr (t) S #cf iT 0> Poisson (EI1-17) -

BEEE - TR AL LPREFR P FRPE A SR RSB AR
A BETE LA RIS T L T AR 5

Pota=1- (1-P1) (1-P2) ... (1-Pn) (5%1-24)
B P Powls #rr BTk 2 2 FBR2F2 FOoPIIPR G RRTEF A F o

Pad T TGS AR F B E S 5 BPTH (4 HBI1-18) BPTH N # &
S B G ST EA T Y AR R HiE RS £ %
CitRI1-19) > S #c & ATt -

Z

Probability Density

T  T+AT )
Time

HERL-160: WFBASEAFTE > RY o REEATHFI PR IEY A Time 5 0 A 25T Sk R4 2 pF
B oTime 3 TR AZF A+ RREEE Y TRHEF AT AR ETIE -
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BPT Models Hazard Functions (hgp(t))
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