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Abstract

In this project, we first analyzed geodetic data to generate the surface deformation
level map. The fault model was adopted to integrate the geodetic observations with
geological materials. Then the fault slip deficit rates were inferred and applied to the
estimation of earthquake rupture probability for major faults near the protected objects
in southern Taiwan. The working area in this year is the Kaohsiung area. We have
completed the following missions: (1) The daily solutions from 572 continuous GNSS
stations, 798 campaign-mode GNSS stations, and 29 leveling routes were calculated
for the following time series analysis to get the velocity field of southern Taiwan with
respect to station SOIR. (2) 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. (3) The fault parameters of the Chishan fault,
Chegualin fault, Hsiaokangshan fault, Chaochou fault, and Hengchun fault were
evaluated based on previous studies. Then the optimal fault geometry was estimated
using the 2D fault model constrained by the aforementioned geological information,
and the slip deficit rates of each fault were derived through the 3D fault model. The
geodetic data in three periods were adopted in this project, 2002-2010 (before Jiashian
earthquake), 2010-2016 (after Jiashian earthquake) and 2016-2021 (after the Meinong
earthquake). According to the modeling results, the average slip deficit rates of Chishan
fault, Chegualin fault, and Hsiaokangshan fault are respectively 8.9 mm/yr, 19.0 mm/yr,
and 18.3 mm/yr during 2002-2010; the average slip deficit rates of these three faults
are respectively 11.4 mm/yr, 10.9 mm/yr, and 19.9 mm/yr during 2010-2016; the
average slip deficit rates of these three faults are respectively 8.5 mm/yr, 14.3 mm/yr,
and 21.9 mm/yr during 2016-2021. 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, surface deformation level, earthquake rupture probability,

scenario shaking map, scenario coseismic displacement map

XXI



-

Sl
-§$

1-1 34 SEal et

FAN20I1 #3211 p My 9.0p A ehamg  BRENPFS 2EE 2
B

FH (D) e wE AR F RS OzE 2 (2) PREAMRIZFR
Bt R B HRESN RS - LELFLRWD - RAsIg2 £ 10 RAreH

BS EAREL U TR RAR R RS 2 E RS SRR R R
R AR BR AR AT RGO ER S Bdp o st b o d N B
A AR ROP FAF o A RTIR S E R ERL SRS DAL
VLR BTR AN TSI ek BOUAET AL L 6 B BT s R ek e B A
FHALBR > 2B fRE T AR DGR LR B TR E A L LEL
GARY AW AR AROI-95 & TH BE TN AR EREE TRE
#R P EY o RE ALY EHEA K E 2k ¥4k 5L (Global Navigation
Satellite System > f§ = GNSS) T Rl 2 3R ERIR - AR 96-99 & T &
%?ﬁ%%@%ﬁﬁﬁJ%%d’%7&%%ﬁGMBﬁ%%¢$L&M$%’
o el R R TR T B 2 R SR RIIR Y BT CR R P A R TR
B 2 BT R E RN o AN K 98- 101 & M7 AR BRI T B S REE - TR
TRIBERLSITFAY ) B AR 102-105 & TR S HBRERBT T S = IR - ¥
RELHRAEES MG 5345 02 23 86 GNSS =k (£ 1-1.1)-
773 3 GNSS # #o b2 42 54 %ok (7 29 L pISE 13 iRl ) 2
HE (H 111D 3 5 % & 59 GNSS 22k B gUpldicdy » 17 0 BY 2 & 874 0 A
FaFRME RUEORVALR - HhFENRAFPIEEFHETERFR
-

2 RS enETR G ORI o T2 PS-InSAR Gk B oa 45 Pl fip- PEE 2

PR Ee AR (B 1-125 B 1-1.3) AR S R L0 R LR TR
Rl P R < R R R e BT o g 2 T E 2 e RIE R
T e BRI FANMELE T FETRE AT 2 NEHBAERET N LB

FRELHEEL RS
F- 2o AR O8-101 &2 T¥rk Emd BRI T % - FFE - 99 A TR
SEESIFL RS BERLR 8 AR (RREE 2 ek



LR S AT U 2 T ETR S AR SRR 4 b ETE ol LR ) ¥R
TR B R R B R A AT BTG T B e Sl iR B R A
Phoo AR 102-105 & T8k Ed BRI T F 2 PR - TR B S MRRlE
BELSAT )7 EY BB R EATE AR BN R 2 33 REEETE TR
AR AR RAY ﬁ@ﬁdéiiWﬁ“f*%~k’#i£%ﬁ 2 E g
M B L L ITE e R R 2 TR EEER Bl A gt (T
A e B PR B RIFOR G IR SRS S {7 (FY .
¢RW1%—N9&F%% SR T B ow PR A - 3 A AL TR
SR ST AR A R Y (1) FLABRREE A guE R 2 v
1% 3T ko R RAPRIE S 0 BB R 2 B aE R B
®Z A TR AR T AR A RS E D BB I E TR B8N
m1m-m5&r%%%@ﬁﬁmpw“;é&—%%ggﬁﬁmﬁ%ﬁaﬁJ
FE P TR TR SR FHEGE TG 0 35 MEciE Tk B S £ %

—h

BBk o~ STE R 1T R MR ot (2) d iR et A H RIE T
PR ERFREER2ZF R 5 A GNSS # - xb Tl i3 i R 355 490
fRtric 4 A0 AR T BEDS B RIETRITHE SRR R
GNSS # #osp2 L2 R s> ¥ B2 2 L Ry LB RS2 PR -
(3) ¥ ¢ho prdgsr o I #F % H 22 =3 (PPP) # B i & GNSS if g
FRIBE B A4 PR 60 R h- kP 228 GNSS F
B F2 f2E 1 0T

B R DL E 5 AT ﬁé@%%]”iﬁi%%ﬁﬁwﬂﬁ%%ﬁ

LwJF%%£f+Vﬂ?%9mﬁi ARWEWZ Y <% AT TR KL
REPUES B0 287 DR A ERRS - A EF 2 E (AR 110

#3111 &) 212ihdg (£ 1-12) 8F 2452 A+ R ERPF S A58 P £
TR2ZPARURAELS TR A EHELR e RS TRIE R RE AR
AW (R 1-14)0 oot 0 - g Tk B BRI S FF B0 23
HHLHEL 2 FHEELEL RS (L 1-12; B 1-15) @ FEA78 T4
TEFFRIFELE LA A ELILTFRLE SRR P8 RFER > X
fete RF {ATOE BES UK A F B R E {ATATH R E BT > L~ 8T
K B R ki o



& 1)
A AT GPSHE 4 18 5t 35
H 16 #E HIGP Sk 4 18 3 35
51 o GPS##3%
A A KA R

km

— p—|
0 20 40

24"

23"

ook,

22"
p—

122

1207 121°
Bl L1100 P e 3 & et 2 2 EB BT < 2 R R BLIRI 4 o BLIRIE ¢ 7 86 b GNSS i

773 5 GNSS # 62 2k 12 2 42 iE 4 % -k Rl -
Figure 1-1.1: CGS geodetic network for active fault monitoring, including 86 continuous GNSS stations,

773 campaign-mode GNSS stations and 42 pricise leveling routes.
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Table 1-1.1: Continuous GNSS stations installed by CGS
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Figure 1-1.2: Frames and tracks of ascending and descending orbits of ERS-1/2 (C-band) and EnviSAT
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Table 1-3.2: Schedule of leveling surveying
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(5) itk B3t A e % FEBNEH GPTS0 5 52 ~ JEP 30 dk (mapping
function ) f|#% * VMF1 #£5¢ ( Vienna Mapping Function 1; Bohm et al., 2008 )>
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BASRIE S 300 ) -

(6) FHEPH-S L IERS 2010 -

(7) AP #H-7% T FES2014b (4 R 5 0.0625° x 0.0625°)

(8) ®BrFwahk 2t (Garcia-Fernandez etal., 2013): @& * IGS 2% T 8k kR
¥ H074) (IONEX) » & zf 2 3 5 IGRF-13 ( International Geomagnetic
Reference Field 2013 ) o

(9) x&ppiz? o !igsldatx o
@ GipsyX #cfp rd2in A2 1 & & 5 fedp T (gde) ~ $ug s B fod itz

(rtgx) = BFFE B AP 8 G IEELR By ¥ 3H 8 B ORI LR 2 R B3

A PR RST R BT T B

(1) # International GNSS Service (IGS ) v JPL ek + JEB~4p RBLP| P ol B G
ERGE M RFELPED CFER R LR MEROER S R
fotldh = o 8 FH o g T ABdRRILY § T oA 0 2 LAY o

() #H*HHE BT F R R L BRI DT R BEEE BRI K R
Bhen p AR iR ARG BLRIEEDE B AR & R RRI P 230
Plrhz k2 BB R cnE p R g fE o ¥ p PPP f2d 2 Pl kiR
B rGRgoEL B AR R )RRk IR R R S 3R T B

AL}

2-1-2GNSS 2 =+ EFF A 5| &

FF R R 7| (time series ) {ri# & 3 (velocity field) #_GNSS F Al aiZ e &
FEOT AR AAE TEGAERF REL R DR RRAL o AL
R 1993 &£ 3 2021 &£ 5 % L4k > A3hF T B {72 GNSS ﬁ%‘:‘!ﬂﬁﬁ—}i N Sy
PIPEERR R E PR FAEE R 5 ORI B RS BRI A Y
et e

Ei‘&@,?:ﬁ":‘_hﬁv TR HEPITREAG R E A AT q LG R ETE 0
GNSSS jLip| Hicdg 755 F2 3 T 4o 12 ?J“ﬁ% shopt 4 G BB BB R P e %
g ,;gugﬁgww@; Et et o d VBB P i el ¢ BT R AIAR S

gk o F AEERFR R AT 0 0 APEHE P LR L 420 ] cm 6D
f""'bé"‘f’a‘f‘ AR TR A TR KPR RS AT e s SRR E
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GNSS ghiz2 TR &F > F & Hpd St A 37eh7 58 SN AR e A 7] 2 47 5 0
PR EERL SRR D EEN TR L A &R TR RS
A AT o ¥ GNSS R B 7| Tl 2 245 B gL PR cnp B H T2 ¥
UZ R B R ER M R B SIREA T 0 T A
(Nikolaidis, 2002 ) :

y(t,) = a+ bt + ccos(27t,) + dsin(2xt,) + ecos(4xt) + f sin(4xt,)
$370 HE =T+ h H(t = To)  + 3k - H (G =T exp T4y,
j=1 j=1

=
(5% 2-1.1)

He »a i#5E b 5 EFY (interseismic period) ¥+ 2iFHoid F 5 hfice
d 5 # ¥ ¥ (annual period ) % i 2. Z 15 ifce~f 5 £ # ¥ ¥ (semi-annual period )
Rt B i ghmERRF? 2 R FEE T i RE YOk RS A A
ASARLHE D ARCABE TR E Kk FRACEVEREFRIME ) A
v AL, 29 H 21 3 #k (Heaviside step function) » T & 4% PFRF
(relaxationtime) > A 4 BBV R BRI BBV ED e TR -

mOATFWEFLAEFFRIRE S 0 AR LRI RE PR REEAS R
NEAHEFREFLLE AP RTE RSB L B A B AERRER
BE-HY TR REHNA AT FEAIRREEY INFHFR L1999 £ F F = B 2013
ERE R AIVHE 2006 EIE L B 2010 £ i B LR 2016 & £ L
Boo AN AE 2003 E S F B 2013 ERS MM B 2018 £ TR RELE A
PREERE CHBEFFFEOICR 2-11 77 (BRI PR RS ) o
b d NRBERLEFEREI S A TR ZIFACHBEEFRAGLET
2% & P GNSS S A 7] 17 § & RASTH S h (B 2-1.2) 0 ot dfeprd
T E Al EREL D PRV AR AKND 23N 2 w2 R 9 9mm- E 2 w2 4
BOIlmm U= 2R9%20mmen 222452 €8 R CSBEF A 7| A 4597
EE 2RI 24 FEFT LT o
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Site: AKND
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B 2-1.1 : GNSS i =k AKND & HEpFRF A S|4 & %% o od FIB L A4 s BpER A7 > E4
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Figure 2-1.1: Coordinate time series of GNSS station AKND. Red circles are observations; blue circles

are calculation.
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B 2-12: GNSS it f = AKND FFR R 7|2 L 8% o = d FIB; %%‘fi“ FEHEF R B RERE
FHEFERLIALE

Figure 2-1.2: Residual time series of GNSS station AKND. Red circles are residuals of the time series
which have removed the interseismic velocities and coseismic displacements.
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2-2GNSS B# LT a1 ~ 2R &L ¥

2-2-1 2&# R (2021 #) GNSS # =t EH+

AERT 107 40 rGNSS #Hdo 2304 5 $3919p 3200 %73
BB R s B W4T 6P R OP A 40BER S R H Y RS
17p 228 p 2= 98 BEERGR] > Ead %367 7P 3227 P = 165 BR
R BEE FT ISP EI6OP X 99 BELFER P B FA QY Op 3
260 24 149 BEEE R s CAE B9 6P 3 14 p =2 101 B B3R
FHE EFE107 12 p 3 159 22 39 BR8] o

Vb g ERAREF A FIHATH K GNSS Bh sk BFHFFH 6 1 28
PR30P % 3482 % — R P -9 8 22 p 3 24p % 3282
5 = = EpE R o

b S ER R A 798 BE GNSS # # 2k s e (8] 2-2.1) o

PIHEE S ERPAFL R GNSSHBE LR E 22 HL L 8BH FF %
Hh 1k GNSS #d- sk o R R 23 10% (] BB T2 7 » ) B FRPIRIE ©
Prg B R R 2 VR - BRIZERERBI6 ) o

fﬁ#‘:&%**ﬂ%ﬁ*ﬁﬂfﬁﬁx%ﬁBemeseSQ‘ﬁa@ IGSH B K2y 4K
BB S5mm+02ppm xL( A&E T 2%

GNSS ## btk Hi# 1 10 » 21 2ESF oy ~Es ~F & -7 30
TR NFTHE RPERTEOESFE F42 10p 3 11 p a4 BEFGRE
PR e E RI67 2P 125 R BREGRBT  EaE RI6 T
PE27P 2 165BZEEER~FHEFRNT?SPI 16 299 B
Bl P RMBE EAE T OP F 26P A 149 BEEER TR E FAOL 6P 3
14 p 2= 101 BEESR T HHE B3 107 129 3 15 22 39 @B EL= 2500
VS ERATHAMMGEA LT FIE GNSS B sk A FFE> 67 28 p 2 30
P 34835 p > 308 22035 24p %3283 (£ 221)0
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Figure 2-2.1: Distribution of surveyed campaign-mode GNSS stations and check points. Blue circles are

surveyed stations. Red circles are checked points.

22



BHeFHEt 40 BHESB g S0t FER 4 BRCEFRP 0 £
THRR . AT T EAMLE AT A 5029 m 2 15102 m o ASLRFE A 10

mm I 7.8mm 2 P E AR L A 45mm I 73 mm F oot BRI ESE S

e R 98 A E kBl Kt HEHE 10 BRI TR 2
$ 43RS AE 43 FAML LR A2268m T 12247 m AL P D L

0.lmm % 69mm 2 » P EHARLIALImmE 83 mmfF »  ®RBIE S

S

R
EaEFEG 165 BHB Rl AAt FER 1T BRCEARP o &
4 I8 EEAM AT TRIEAMZ KR A3,192m T 20,124m 0 ARLRFE L

@ o

—q;-

!

56mm X 9.0mm 2 fF > P EEHARMLI A 14dmm I 77 mm F oo RPIE R
Rl

BEERLF OBHEHITH L FER IO BIREFR %’*ﬁ
21 i o * % 21 (FAMZ £ RE A 9402m 3 10,152m> AL R ELS
mm 3 10.lmm 2 F 3P E S MEA203mmE 72mmEF > L RRIESESE
PRERE
Wy ®eLF 14 BH &R A FER IS BREEAFRT > &
F A0 A o AT 40 PEAM2 £ RE 2 2337m X 27,807 m 0 AL R E A

£

B!

™

55mm I 10.5mm 2 F > P E AR LA05mm I 9.8 mm B o0 p E R
5

The HEF 10l BHGERETER At FERIOBRTEGFRP > &
28 iAo AFH 28 IEAMRZ L RE 2 7,629m 1 54,392m Eﬁi*ﬂ%'ﬁ"

PN
5z -‘3:

"S‘?

[EN
6.5mm 3 15.8mm 2 F > #E AR L A03mm 3 123 mm F > o FRE
BEYRERE

%ﬁﬁ%@%*6g&éﬁ¥—ﬁﬁm’%ﬁ34%%%%%&&’#&&
FEHIBETEFRT LG OEAR AR OEARZ L AREA1,802m 3
4,154 m> ARARFELS4mm I 5.8mm 2 B> EEaAML A 3.0 mm
TA6mm ot HREEETEERE

%Eﬁigl}ﬂ?ﬁ? 9% piEfF R - R > R 32 AR it
FEBIBERCEE R EF 6 AR AT 6 FEARZ ERFAT28m 2

23



50mm I 5.8mm 2 F > 3 EAAREL A 23 mm
249mm o L RPIERE T EERE
forhBE B e REHR 4 BERTESFRT D £ 7
PEARZERE R 6286 m 3 80,589 m > %%ﬂ&*ﬁa%lﬁé&_ 5.6
;{4 e

B AME AE39mm 3 6.8mm F oo HPIEEES

# 2-2.1 : GNSS # # =b 36 P2 ¥ 1% pF B &
Table 2-2.1: Schedule of campaign-mode GNSS surveying, supervising and validation

Me | me | | ¢ R E W 1 % g
P | &g LIS R P 2P Wiz p P
4 40 E 4 2021/04/26 ~2021/04/29 | 2021/04/27 ~2021/04/28
5 98 Feriw 10| 2021/05/17 ~2021/05/28 | 2021/06/23 ~2021/06/25
6 165 = 17 2021/06/07 ~2021/06/27 | 2021/07/05 ~ 2021/07/08
6 34 i FF 3 2021/06/28 ~2021/06/30 2021/07/19
7 99 B & 10 2021/07/05 ~2021/07/16 | 2021/07/20 ~ 2021/07/21
8 149 v 2R 15 2021/08/09 ~2021/08/26 | 2021/08/10 ~ 2021/08/12
9 101 I 10 2021/09/06 ~2021/09/14 | 2021/09/14 ~ 2021/09/15
9 32 ﬁgiﬁ 3 2021/09/22 ~2021/09/24 2021/09/28
10 39 R 4 2021/10/12 ~2021/10/15 2021/10/20
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B % PR o LA L (residual) A 45 -5 b5 S p] R TR 1 2 4 ARBLR
BREY R P2 LRI E EARR O BT T 2 KRR L B R ARER Y
AAEE IR o AT RIRT > hod S A R R e AL T
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B 2-22 0 8w BT R 4 d FIB S GNSS#H sk =d B 5 GNSS#d k> § 4 =
IR ERE F ¢ AL EP SOIRBEH - FREFI RMZ Y LB FALNTD
22 EEETR A E R .

Figure 2-2.2: Taiwan crustal deformation monitoring network. Grey circles are campaign-mode GNSS
stations; Red circles are continuous GNSS stations; Yellow triangles are precise leveling benchmarks;
The yellow star is SOIR continuous GNSS station. Red solid lines and blue dashed lines represent the
active faults reposrted by the CGS.
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1995 GNSS 4R £ 2 » F 7254 & (Rl 2-2.3) 2 2002 - 2021 # N = & 2
AAEISYEHEFRE L 010£139mm; E* w5 00206 mm; U2 » 5-02+
51,6 mme @ 2002 - 2021 & T g L4z 353 922 Z T35E 5 3.2 mm > 3 424 4%

e 4L TioE L 9.1mm (B 2-24) -

I
Dl

B 2-2.3:2002-2021 # #£ 3 10 » A& GNSS ghiz d 5m £ 4 % §l » m S Z 7 95% 0% 0 % B [ -
Figure 2-2.3: GNSS coordinates residuals during 2002 — Oct2021. The dashed lines indicate 95%
confidence interval.
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Figure 2-2.4: GNSS RMS error during 2003 — 2021.
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2-2-3-1 4 A ¥ % GNSS T ipl4
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Figure 2-2.5: GNSS distribution in Taipei area. Blue squares are continuous GNSS stations; Red circles

are campaign-mode GNSS stations.
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Site: GBO5/YMSEM
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Figure 2-2.6: Time series comparison between campaign-mode GNSS station GBO05 (blue circles) and
continuous GNSS station YMSM (red circles).
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Figure 2-2.7: Time series comparison between campaign-mode GNSS station GG44 (blue circles) and
continuous GNSS station GOLI (red circles).
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Figure 2-2.8: GNSS horizontal velocity field relative to station SOIR in Taipei area. The colored map
represents the horizontal velocities from 2004 to 2021. Black arrows denote the campaign-mode GNSS

velocities and the white arrows are continuous GNSS velocities.
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B8] 2-2.9: Vertical velocity field relative to station SOIR 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 2004

to 2021; while pricise leveling is from 2004 to 2021.
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Figure 2-2.10: GNSS distribution in Hengchun area. Blue triangles are continuous GNSS stations, and
red circles are campaign-mode GNSS stations.
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Figure 2-2.11: Time series comparison between campaign-mode GNSS station G669 (blue circles) and
continuous GNSS station HENC (red circles).
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Figure 2-2.12: Time series comparison between campaign-mode GNSS station G643 (blue circles) and
continuous GNSS station KDNM (red circles).
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Figure 2-2.13: GNSS horizontal velocity field relative to station SO1Rin Hengchun area. The top left
figure is the velocity field from 2002 to 2006 Pingtung offshore earthquake; the top right one is velocity
field from 2006 event to 2010; the bottom left is the 2010 — 2015 velocity field; th bottom right is the

2015 — 2021 velocity field.
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Figure 2-2.14: Vertical velocity relative to station SOIR 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 — 2015 velocity field; the bottom right is the 2015 —
2021 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. Precise
leveling is shown in dark frame; campaign-mode GNSS is shown in green frame; continuous GNSS is
shown in red frame.
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Figure 2-2.15: GNSS distribution in the Taoyuan, Hsinchu and Miaoli areas. Blue squares are continuous
GNSS stations; red circles are campaign-mode GNSS stations.
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Figure 2-2.16: Time series comparison between campaign-mode GNSS station G208 (blue circles) and
continuous GNSS station GS86 (red circles).
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Figure 2-2.17: Time series comparison between campaign-mode GNSS station G198 (blue circles) and
continuous GNSS station FCWS (red circles).
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Figure 2-2.18: GNSS horizontal velocity field relative to station SOIR in the Taoyuan, Hsinchu and
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denote the campaign-mode GNSS velocities and the white arrows are continuous GNSS velocities.
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Figure 2-2.19: Vertical velocity field relative to station SOIR in the Taoyuan, Hsinchu and Miaoli areas
from 2002 to 2021. 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 2-2.20: GNSS distribution in the Chiayi, Tainan areas. Blue squares are continuous GNSS
stations; red circles are campaign-mode GNSS stations.
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Figure 2-2.21: Time series comparison between campaign-mode GNSS station G390(blue circles) and
continuous GNSS station GS88 (red circles).
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Figure 2-2.22: Time series comparison between campaign-mode GNSS station G392 (blue circles) and
continuous GNSS station SHWA (red circles).
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Figure 2-2.24: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002-2010 (Left figure)
and 2010-2016 (Right figure) and 2016-2021 (Down figure) in Chiayi, Tainan areas. 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 shows in dark frame; continuous GNSS shows in dotted line frame.
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Figure 2-2.25: GNSS distribution in the Kaohsiung and Pingtung areas. Blue squares are continuous
GNSS stations; red circles are campaign-mode GNSS stations.
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Figure 2-2.26: Time series comparison between campaign-mode GNSS station GC48 (blue circles) and
continuous GNSS station CHIE (red circles).
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Figure 2-2.27: Time series comparison between campaign-mode GNSS station G003 (blue circles) and
continuous GNSS station GS56 (red circles).
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Figure 2-2.28: Kaohsiung and Pingtung areas GNSS horizontal velocity field relative to Penghu Paisha
(SO1R) station. The left figure is the velocity field from 2002-2010; while the right one is from 2010-
2016; The down figure is the velocity field from 2016-2021.
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Figure 2-2.29: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002-2010 (Left figure)
and 2010-2016 (Right figure) and 2016-2021 (Down figure) in Kaohsiung and Pingtung areas. 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 shows in
dark frame; campaign-mode and continuous GNSS shows in dotted line frame.
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Figure 2-2.30: GNSS distribution in the Central Taiwan areas. Blue squares are continuous GNSS
stations; red circles are campaign-mode GNSS stations.
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Figure 2-2.31: Time series comparison between campaign-mode GNSS station AF24 (blue circles) and
continuous GNSS station FNGU (red circles).
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Figure 2-2.32: Time series comparison between campaign-mode GNSS station G964 (blue circles) and
continuous GNSS station YUNL (red circles).
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Figure 2-2.33: Central Taiwan areas GNSS horizontal velocity field relative to Penghu Paisha (SO1R)
station. The top figure is the velocity field from 2004-2007; the middle one is from 2007-2013; while the
bottom one is from 2013-2021.
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Figure 2-2.34: Vertical velocity relative to Penghu Paisha (SO1R) station in Central Taiwan. The top
figure is the velocity field from 2004-2007; the middle one is from 2007-2013; while the bottom one is
from 2013-2021.

. 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
shows in dark frame; campaign-mode and continuous GNSS shows in dotted line frame.
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Figure 2-2.36: Time series comparison between campaign-mode GNSS station GE64 (blue circles) and
continuous GNSS station PEPU (red circles).
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Figure 2-2.37: Time series comparison between campaign-mode GNSS station E415 (blue circles) and
continuous GNSS station NDH3 (red circles).
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Figure 2-2.38: Eastern areas GNSS horizontal velocity field relative to Penghu Paisha (SO1R) station.
The color ramp represents the horizontal velocity. Figure (a) is the velocity field from 2002-2013; Figure
(b) is from 2013-2018; while figure (c) is from 2018-2021.

(b)

a5
A s
A
A s

A gt
v Sussidence

2315

2

ozas

21 121730

05 o o
Verdua Wi naily {wr )

2400

2wy

azan

2315

2

22745’

a5
A s
A
A s

A gt
v Sussidence

21 121730

05 o o
Verdua Wi naily {wr )

(c)

aaan |1

2348

2530

w0

20t

12100 12115 1w 121745

30 25 e 5 15 20 25 a0

R
Veriica Wi vally finmyr)

B 2-239: = RApE»EP e xk (SOIR) €% * i B3> ()4 77 2002-2013 & # & 3>

(b)# 7 A4 2013-2018 &3 B3+ (c)% 7 B s 2018-2021 &g AH o =

FoZ AR A TR o kA addR g 4
K R REIEL T GNSS # ek~ i ek o

Figure 2-2.39: Vertical velocity relative to Penghu Paisha (S01R) station in Eastern areas. Figure (a) is
the velocity field from 2002-2013; Figure (b) is from 2013-2018; while figure (¢) is from 2018-2021.
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
shows in dark frame; campaign-mode and continuous GNSS shows in dotted line frame.
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Figure 2-2.40: GNSS distribution in the Yilan areas. Blue squares are continuous GNSS stations; red

circles are campaign-mode GNSS stations.
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Figure 2-2.41: Time series comparison between campaign-mode GNSS station G250 (blue circles) and
continuous GNSS stationYILN (red circles).
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Figure 2-2.42: Time series comparison between campaign-mode GNSS station G244 (blue circles) and
continuous GNSS station LTUN (red circles).
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Figure 2-2.43: Yilan areas GNSS horizontal velocity field relative to Penghu Paisha (SO1R) station. The
color ramp represents the horizontal velocity. Figure (a) is the velocity field from 2002-2018; Figure (b)

is from 2018-2021.
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or subsidence; the size of the triangle represents the speed of the velocity; warm colors represent uplift
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continuous GNSS shows in dotted line frame.
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Figure 2-3.1: Diagram of precise leveling data. Red column is the amount of 0.25 mm statistics value.
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Figure 2-3.2: New overlapping location of GNSS and pricise leveling. Blue lines are the new overlapping
lines, red lines are those have not yet added, the green dots are the overlapping location of GNSS and
pricise leveling.
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Figure 2-3.4: Time series comparison between Shihmen-Wanli leveling bench mark 0807 and continuous
GNSS station TSHI. The distance between two stations are 0.08 km.
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Figure 2-3.5: 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 2-3.8: 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 2-3.11: 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 2-3.12: Difference of the Tamsui-Shihlin leveling route. Each line is the elevation change in
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Figure 2-3.13: Time series comparison between Wugu-Taipei leveling bench mark GA78 and continuous
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Figure 2-3.14: 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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X-axis is the distance projected along the fault-perpendicular profile. SCOF is Sanchiao fault.
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Figure 2-3.20: Time series comparison between Hsinchu-Wufeng leveling benchmark T004 and
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Figure 2-3.27: Time series comparison between Miaoli-Nanzhuang leveling benchmark GD97 and
continuous GNSS station PENL. The distance between two stations are 0.02 km.
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Figure 2-3.30: 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 2-3.32: Difference of the Da’an-Dongshi leveling route. Each line is the elevation change in every
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Figure 2-3.40: Elevation change of the Wuguang-Huangzhu leveling route. (a) The distribution of
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Figure 2-3.44: 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.
Vertical dashed lines indicate the location of active faults. X-axis is the distance projected along the fault-
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Shuangtung fault.
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Figure 2-3.45: Difference of the Wuguang-Huangzhu leveling route. Each line is the elevation change in
every two years, and each scale represents 10 mm. Vertical dashed lines indicate the location of active
faults. X-axis is the distance projected along the fault-perpendicular profile. CHAF is Changhua fault,
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Figure 2-3.48: Elevation change of the Jinhu-Ruifeng leveling route. (a) The distribution of leveling
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two years, and each scale represents 10 mm. Vertical dashed lines indicate the location of active faults.
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Figure 2-3.51: Time series comparison between Beimen-Nanxi leveling bench mark 1088 and continuous
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Figure 2-4.55: Time series comparison between Shanhua-Guanmiao leveling bench mark B299 and
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Figure 2-3.56: 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, green is the vertical velocity from 2016 to the present. HHAF is Hsinhua fault.
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Figure 2-3.58: Time series comparison between Anping-Longci leveling bench mark TN04 and
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Figure 2-3.59: Time series comparison between Anping-Longci leveling bench mark G358 and
continuous GNSS station GS73. The distance between two stations are 1.4 km. The left dashed line is
the March 4th 2010 Jiaxian earthquake, the middle one is the Feburary 6th 2016 Meinong earthquake
and the right one is the correction of postseismic slip event.
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Figure 2-3.61: Difference of the Anping-Longci leveling route. Each line is the elevation change in every
two years, and each scale represents 10 mm. 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
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Figure 2-3.63: Elevation change of the Yujing-Xinhua leveling route. (a) The distribution of leveling

route. (b) The elevation change and the average vertical velocity in different time periods. HHAF is
Hsinhua fault, and TCNF is Tsochen fault.

124



Wf — May 2020) |

Elev. Ch. (5mm)

2 0 2 4 6 8 10 12 14 16 18 20 22

B 2-3.64:0 520 ATt 2 2 # PIFEBARL - F BHAALSmm gt o L3 B AET A
Ly g2 # A NB Y o Hphs WP LD UK 3 2 JEY - HHAF 5 371 %7k -~ TCNF 3
TARETR o

Figure 2-3.64: Difference of the Yujing-Xinhua leveling route. Each line is the elevation change in every
two years, and each scale represents 5 mm. Vertical dashed lines indicate the location of active faults. X-
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Figure 2-3.65: 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 th 2010 Jiaxian earthquake, the middle one is the Feburary 6th 2016 Meinong earthquake
and the right one is the correction of postseismic slip event.
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Figure 2-3.66: Elevation change of the Luzhu-Maolin 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, green is the vertical velocity from 2016 to the present. HKSF is Hsiaokangshan fault, CHNF is
Chishan fault, CCUF is Chaochou fault and LNCF is Lungchuan fault.
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Figure 2-3.67: Difference of the Luzhu-Maolin leveling route. Each line is the elevation change in every
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Figure 2-3.68: Time series comparison between Kangshan-Anpo leveling bench mark G526 and

continuous GNSS station AKND. The distance between two stations are 0.8 km. The left dashed line is
the March 4 th 2010 Jiaxian earthquake, the middle one is the Feburary 6th 2016 Meinong earthquake

and the right one is the correction of postseismic slip event.
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Figure 2-3.71: Difference of the Kangshan-Anpo leveling route. Each line is the elevation change in
every two years, and each scale represents 10 mm. Vertical dashed lines indicate the location of active
faults. X-axis is the distance projected along the fault-perpendicular profile. HKSF is Hsiaokangshan
fault, CHNF is Chishan fault, and CCUF is Chaochou fault.
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Figure 2-3.78: Time series comparison between Nanshulin-Eluanbi leveling route bench mark Q014 and
continuous GNSS station KDNM. The distance between the two is 0.6 km. The left dashed line is the
December 26" 2006 Hengchun earthquake, the middle is the correction of February2010 and the right
one is the correction of February 2016 velocity change event.
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Figure 2-3.80: Elevation change of the Nanshulin-Eluanbi leveling route. (a) The distribution of leveling
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Figure 2-3.81: Elevation change of the Nanshulin-Eluanbi leveling route. Each line is the elevation
change in every two years, and each scale represents 10 mm. 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 2-3.83: Time series comparison between Lingding-Takigami leveling bench mark G970 and
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Figure 2-3.84: Time series comparison between Lingding-Takigami leveling bench mark G979 and

continuous GNSS station TUNM. The distance between two stations are 4.8 km. The left dashed line is
the March 6™ 2009 Suao earthquake and the right one is the Feburary 6th 2018 Hualien earthquake.
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Figure 2-3.85: 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 2009 Hualien earthquake earthquake of 2004-2009, red is the vertical velocity
after the 2009 Hualien earthquake of 2009-2018 , 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. LDIF is Lingding fault.
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Figure 2-3.87: Time series comparison between Guangfu-Toyohama leveling bench mark G991 and
continuous GNSS station FONB. The distance between the two is 1.0 Km, the left one is the December
19%2009 Hualien earthquake, the middle one is the October 31th 2013 Ruisui earthquake and the right
one is the Feburary 6th 2018 Hualien earthquake.
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Figure 2-3.88: 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 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, CMIF is Chimei fault.
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Figure 2-3.89: Elevation change of the Guangfu-Toyohama leveling route. Each line is the elevation
change in every two years, and each scale represents 10 mm. Vertical dashed lines indicate the location
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Figure 2-3.91: 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. Green is the
vertical velocity before the 2009 Hualien earthquake earthquake of 2004-2009, blue is the vertical
velocity after the 2009 Hualien earthquake of 2009-2013, 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
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Figure 2-3.92: Elevation change of the Hongye-Jingpu leveling route. Each line is the elevation change
in every two years, and each scale represents 10 mm. Vertical dashed lines indicate the location of active
faults. X-axis is the distance projected along the fault-perpendicular profile. YLIF is Yuli fault, RSUF is
Rueyshui fault, CMS is Chimei syncline, CMIF is Chimei fault.
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Figure 2-3.93: Time series comparison between Dongcheng-Fugang leveling bench mark A086 and
continuous GNSS station FUGN. The distance between the two is 1.0 Km. The left dashed line is the
October 31% 2013 Ruisui earthquake and the right one is the Feburary 14" 2015 Taitung offshore
earthquake.
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Figure 2-3.94: 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 earthquake of 2009-2013, 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. LYHF is Luyeh fault, LCIF is Lichi fault.
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Figure 2-3.96: Vertical velocity field relative to station SO1R 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 2004
to 2021; while pricise leveling is from 2004 to 2021.
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Figure 2-3.97: Vertical velocity field relative to station SOIR in the Taoyuan, Hsinchu and Miaoli areas
from 2002 to 2021. 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 2-3.98: Vertical velocity relative to Penghu Paisha (SO1R) station from 2004-2007 in Central
Taiwa. 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 shows in dark frame; continuous GNSS shows in dotted line frame.
The duration of continuous GNSS observation is from 2004-2007, while precise leveling is from 2004-

2007.
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Figure 2-3.99: Vertical velocity relative to Penghu Paisha (SO1R) station from 2007-2013 in Central
Taiwa. 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 shows in dark frame; continuous GNSS shows in dotted line frame.
The duration of continuous GNSS observation is from 2007-2013, while precise leveling is from 2007-
2013.
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Figure 2-3.100: Vertical velocity relative to Penghu Paisha (SO1R) station from 2013-2021 in Central
Taiwa. 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 shows in dark frame; continuous GNSS shows in dotted line frame.
The duration of continuous GNSS observation is from 2013-2020, while precise leveling is from 2013-
2021.
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Figure 2-3.101: Vertical velocity relative to Penghu Paisha (SO1R) station from 2001-2003 in Chiayi and
Tainan area. 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 shows in dark frame; continuous GNSS shows in dotted line frame.
The duration of continuous GNSS observation is from 2001-2003, while precise leveling is from 2001-

2003.
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Figure 2-3.102: Vertical velocity relative to Penghu Paisha (SO1R) station from 2003-2010 in Chiayi and
Tainan area. 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 shows in dark frame; continuous GNSS shows in dotted line frame.
The duration of continuous GNSS observation is from 2003-2010, while precise leveling is from 2003-
2010.
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Figure 2-3.103: Vertical velocity relative to Penghu Paisha (SO1R) station from 2010-2016 in Chiayi and
Tainan area. 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 shows in dark frame; continuous GNSS shows in dotted line frame.
The duration of continuous GNSS observation is from 2010-2016, while precise leveling is from 2010-
2016.
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Figure 2-3.104: Vertical velocity relative to Penghu Paisha (SO1R) station from 2016-2021 in Chiayi and
Tainan area. 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 shows in dark frame; continuous GNSS shows in dotted line frame.
The duration of continuous GNSS observation is from 2016-2020, while precise leveling is from 2016-
2021.
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Figure 2-3.105: Vertical velocity relative to Penghu Paisha (SO1R) station from 2004-2010 in Kaohsiung
and Pingtung area. 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 shows in dark frame; continuous GNSS shows in dotted line

frame. The duration of continuous GNSS observation is from 2004-2010, while precise leveling is from
2004-2010.
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Figure 2-3.106: Vertical velocity relative to Penghu Paisha (SO1R) station from 2010-2016 in Kaohsiung
and Pingtung area. 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 shows in dark frame; continuous GNSS shows in dotted line
frame. The duration of continuous GNSS observation is from 2010-2016, while precise leveling is from

2010-2016.

168



23°00'

A
22°45' A
A > i
A ‘i; i:;i:j
35
A Uplift
¥ Subsidence
22°30' km
———
0 10
i '
22'15' v\ '
ll [E Y g 7
£
120°00' 120°15' 120°30' 120°45

4 I
30 -25 15 20 25 30

-20 -15 -10 -5 0 5 10
Vertical Velocity (mm/yr)

B 2-3.107: 8 B3 R4p¥> @0 sk (SO0IR) 22 L8 B> = £33 % & mdp s »

ZEAA A TERA B kAT EF A kAT EEF R F B d oM RS
2 ¢ mARFIEL T GNSS B #xk 5 iod Bi=4 7 GNSS i =k o GNSS =hELR|FFF 5 2016-2020
E oo oK E R S 2016-2021 £ o

Figure 2-3.107: Vertical velocity relative to Penghu Paisha (SOIR) station from 2002 to 2021 in
Kaohsiung and Pingtung area. 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 shows in dark frame; continuous GNSS shows
in dotted line frame. The duration of continuous GNSS observation is from 2016-2020, while precise

leveling is from 2016-2021.
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Figure 2-3.108: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002 to 2020 in
Hengchun area. 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 shows in dark frame; continuous GNSS shows in dotted line
frame. The duration of continuous GNSS observation is from 2002-2006, while precise leveling is from
2002-2006.
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Figure 2-3.109: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002 to 2020 in
Hengchun area. 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 shows in dark frame; continuous GNSS shows in dotted line
frame. The duration of continuous GNSS observation is from 2006-2010, while precise leveling is from
2006-2010.
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Figure 2-3.110: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002 to 2020 in
Hengchun area. 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 shows in dark frame; continuous GNSS shows in dotted line
frame. The duration of continuous GNSS observation is from 2010-2015, while precise leveling is from
2010-2015.
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Figure 2-3.111: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002 to 2020 in
Hengchun area. 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 shows in dark frame; continuous GNSS shows in dotted line
frame. The duration of continuous GNSS observation is from 2015-2021, while precise leveling is from
2015-2021.
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Figure 2-3.112: Vertical velocity relative to Penghu Paisha (SO1R) station from 2004 to 2013 in Eastern
areas. 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 shows in dark frame; continuous GNSS shows in dotted line frame.
The duration of continuous GNSS observation is from 2004-2013, while precise leveling is from 2004-
2013.
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Figure 2-3.113: Vertical velocity relative to Penghu Paisha (SO1R) station from 20013to 2018 in Eastern
areas. 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 shows in dark frame; continuous GNSS shows in dotted line frame.
The duration of continuous GNSS observation is from 2013-2018, while precise leveling is from 2013-
2018.
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Figure 2-3.114: Vertical velocity relative to Penghu Paisha (SO1R) station from 2018 to 2021 in Eastern
areas. 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 shows in dark frame; continuous GNSS shows in dotted line frame.
The duration of continuous GNSS observation is from 2018-2021, while precise leveling is from 2018-
2021.
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Figure 2-4.1: The newly established 32 campaign-mode GNSS stations in 2021 at Kaohsiung Qiaotou
Science Park. The blue squares are the newly campaign-mode GNSS stations.
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Figure 2-4.2: Second observation of horizontal displacement by the newly established 32 campaign-

mode GNSS stations in 2021 at Kaohsiung Qiaotou Science Park. The blue squares are the newly
campaign-mode GNSS stations.
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Figure 2-4.3: Second observation of vertical displacement by the newly established 32 campaign-mode
GNSS stations in 2021 at Kaohsiung Qiaotou Science Park. The blue squares are the newly campaign-

mode GNSS stations.
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Figure 2-4.4: Kaohsiung city GNSS horizontal velocity field relative to Penghu Paisha (SO1R) station.
The top left figure is the velocity field from 2002~2010 ; the top right one is from 2010~2016 ; the bottom
is from 2016~2021.
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Figure 2-4.5: Kaohsiung Science Park GNSS horizontal velocity field relative to Penghu Paisha (SO1R)
station. The top left figure is the velocity field from 2002~2010 ; the top right one is from 2010~2016 ;
the bottom is from 2016~2021.
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Figure 2-4.6: Kaohsiung Qiaotou Science Park GNSS horizontal velocity field relative to Penghu Paisha
(SO1R) station. The top left figure is the velocity field from 2002~2010 ; the top right one is from

2010~2016 ; the bottom is from 2016~2021.
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Figure 2-4.7: Vertical velocity relative to Penghu Paisha (SO1R) station in Kaohsiung city. 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 shows in dark frame; continuous GNSS shows in dotted line frame. The top left figure is the
velocity field from 2002~2010 ; the top right one is from 2010~2016 ; the bottom is from 2016~2021.
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Figure 2-4.8: Vertical velocity relative to Penghu Paisha (SO1R) station in Kaohsiung Science Park. 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 shows in dark frame; continuous GNSS shows in dotted line frame. The top left
figure is the velocity field from 2002~2010 ; the top right one is from 2010~2016 ; the bottom is from
2016~2021.
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Figure 2-4.9: Vertical velocity relative to Penghu Paisha (S01R) station in Kaohsiung Qiaotou Science
Park. 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 shows in dark frame; continuous GNSS shows in dotted line frame.
The top left figure is the velocity field from 2002~2010 ; the top right one is from 2010~2016 ; the bottom
is from 2016~2021.
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Figure 3-1.7: Relationship between observations and the interpolation points of triangle.
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Figure 3-1.8: Grid velocities derived from velocity inversion.
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Figure 4-1.2: Shallow seismic reflection profile across the Chishan fault (3% 3Jy - 2005).
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Figure 4-1.3: Geological profile at the Tianliao No.3 Viaduct (Hsiao et al., 2016).
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Figure 4-1.4: Balanced cross section L-L’ (Rodriguez-Roa and Wiltschiko, 2010).
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Figure 4-1.5: Geological cross section of the southwestern Taiwan (f# ¥ . & > 2011).
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Figure 4-1.6: Geological cross section which crosses the Lungchuan fault and the Chishan fault (;£ p

£+ 2006).

GFS Velocity
o 2 20

B.| : " Ng2W.—| NSOW. | . S85E
X

s
PR

11000

0 25 P

[Pk | e as [Ps] %A [Pec] =kikh Faik [Phil) AFENH [Pust] &8 [Mws bk [Mec] K8

B 4-1.7 @) f bk ~ LS E T g2e (382 4L 2000) -
Figure 4-1.7: Balanced cross section which crosses the Hsiaokangshan fault and the Chishan fault (3% 2

A5 2000).
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Figure 4-1.8: Geological cross section through the southwestern Taiwan fold-and thrust belt. Red dashed

line is the 5.2 km/s Vp contour (Biete et al., 2018).
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Table 4-1.2: Parameters and references of dip angle of the Chishan fault.
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Figure 4-1.11: Distribution map of the survey data for slip rate of the Chishan fault.
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Table 4-1.4: Parameters and references of slip rate of the Chishan fault.
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Figure 4-1.12: Strip geological map of the Chekualin fault (modified from Liu and Lin, 2019).
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Figure 4-1.13: (Left) Topography map around Chekualin fault (Liu and Lin, 2019). (Right) The location

of fault segmentation and the distribution of fault outcrops with attitude.
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Table 4-1.5: Outcrops and geological profiles of the Chekualin fault. Data from Liu and
Lin (2019).
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Figure 4-1.14: Profile AA’ of the Chekualin fault. The red lines are Chekualin fault and Chishan fault.
The blue line is the detachment. The purple area is the fault dip range of Chekualin fault. The orange
area is the fault dip range of Chishan fault.
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Figure 4-1.15: Profile BB’ of the Chekualin fault. The red lines are faults. The blue area is the fault dip
range of Hsiaokangshan fault. The purple area is the fault dip range of Chekualin fault. The orange area

is the fault dip range of Chishan fault.
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Figure 4-1.16: Profile CC’ of the Chekualin fault. The red lines are Chekualin fault and Chishan fault.
The purple area is the fault dip range of Chekualin fault. The orange area is the fault dip range of Chishan
fault.
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Figure 4-1.17: The block model result based on geodetic data from 2011 Nov. to 2014 Oct.. The upper
figure shows the location of profile AA’ and BB’, and the lower table shows the 2-D fault model
pareameters. LCNF is Lungchuan fault (that is Chekualin fault in this project), and CHNF is Chishan

fault (Chen, 2015).
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2013).
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Figure 4-1.20: Seismic profiles located from Yongan to the Hsiaokangshan fault zone and the schematic

diagram of subsurface structure (from Weng, 2001).
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Figure 4-1.22: Balanced cross section which crosses the Hsiaokangshan fault and the Chishan fault

(Cheng, 2000).
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Figure 4-1.23: Distribution map of the survey data for geometry of the Hsiaokangshan fault. Modified
from Lin et al. (2009).
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Table 4-1.7: Parameters and references of dip angle of the Hsiaokangshan fault.
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Table 4-1.8: Parameter and reference of rupture depth of the Hsiaokangshan fault.
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Figure 4-1.24: Distribution map of the survey data for slip rate of the Hsiaokangshan fault. Modified

from Lin et al. (2009).
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Figure 4-1.25: Strip geological map of the Chaochou fault and locations of the fault segmentation.
Modified from Lin et al. (2009).
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Figure 4-1.26: Shear-wave velocity perturbation from Chen et al. (2019). The location of Chaochou fault

is shown at red arrow, and the fault dip and the fault depth are shown in each section.

ffi=rlisE » 2019
70K 6

[ A A

ST

1545 Camanni et al., 2016
1

— 1438 0% -+ 2011
137 1! Wiltschkoet al., 2010

i
iz %% - 2019

Bt % - 2009 EENAED
0% 5L i

60/% HlE1 | ™ 7 204+ 5 Camanni et al., 2016

B - 2019

BESTILISE » 2019 o

5511 #|ifi2 T 10228 #lf2
~1:95.80/4¢ Hsieh, 1970 | e

oI - 2019 A i BiSCILTE - 2019

S5 &3 12408 Hm3
aEwmNan |[avayni

OO - 2000 AN VR B 1% + 2019

15245 #ina

701 Fifi4
8 ; |
Bzl » 2019 . oy Biril% » 2019 b NS f
| Chihng, 1971 |
¢ g —.ﬂ SN Ay T A e—
7SFE S ] 1SR HIES — 20 /31 Chengeet al, » 2012

f#i=rlisE - 2019 '
1521 5 e

|

B 4-127 ek 5 4 (=B 2 7R FR (LR B ATHAF R (B p k2 3 >2009)-
Figure 4-1.27: Distribution map of the survey data for dip (left picture) and rupture depth (right picture)

of the Chaochou fault. Modeified from Lin et al. (2009).
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Figure 4-1.28: Distribution map of the survey data for slip rate of the Chaochou fault. Modeified from

Lin et al. (2009).
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Figure 4-1.29: Fault segmentation of the Hengchun fault. The offshore bathymetry is from Sinotech
(2012).
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Figure 4-1.30: Schematic geological cross-section across the Hengchun Peninsula-Lanyu Island (F# 2

L 5 2005).
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Figure 4-1.31: Seismic sections with interpretations to the east and to the west of the Hengchun Peninsula

(Lin et al., 2009).
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Figure 4-1.32: T2933 tomographic models with relocated seismicity across southern Taiwan (McIntosh
etal., 2013).
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Figure 4-1.33: Distribution map of the survey data for dip (left picture) and rupture depth (right picture)
of Hengchun fault. Modified from Lin et al. (2009).
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Table 4-1.11: Parameters and references of geometry of the Hengchun fault.
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Figure 4-1.34: Fault geometry setting of the fault system in southern Taiwan. The upper figure is fault
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AA’ line. Modified from Huang (2018).
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Figure4-2.3: 2D elastic fault modeling result of A—A’ profile (without westside vertical velocity).
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% 4-2.1

DR A NP 4l

Table 4-2.1: Optimal fault geometry derived from 2D elastic fault model

o (@) SR TEIGER | UK AIVER | B EF B e (0
s ' (km) (km) (mm/yr)
+ | 595 0.0 6.4
At 11.2 127.4
T | 250 6.4 12.2
HALETE | 63.2 0.0 8.6 73.4 92.9
% 57.1 0.0 14.0 6.3 84.3
+| 742 0.0 42
A 34.8 99.0
b A ek T | 242 42 8.7
- ? 61.4 0.0 8.2 48.9 88.5
% 46.6 0.0 9.9 19.9 141.1
LR 45 0.0 9.0 19.7 102.2
il 70 - 17.5 km - -
% 75 - 20.0 km - -
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Figure 5-1.1: The input values of the BLOCK model with different GNSS sites during 3 corresponding

times computed by National Cheng Kung University. The blue lines indicate strike-slip faults and red

lines indicate normal/reverse faults and the corresponding color bars down to the figure.
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% 5-1.1 : 2003-2010 # ¥ GNSS i# A 3kt % 2 £ 8k F @ 5 o 2 FA0F
=+

BEPEALH fEL LB AR FBESY D EAYEE o fBAD

ks o

Table 5-1.1: The result values of each fault model with 2003-2010 GNSS velocity
field. The positive strike-slip rates indicates left-lateral moving and the negative
values indicates right-lateral moving. The positive dip-slip rates indicate reverse

moving and the negative values indicates normal moving.

% #2021 BLOCKS = #d & 2% € BRETR 45 2 % (2003-2010 i# & #)

5k W T fd S T 507 b i A ik BAEBEF
8 (s.s. mm/yr) (d.s. mm/yr) (mm/yr)
ML SR (FE) 0.8+0.0 0.6+0.1 1.0+0.0
HLETR (P ER) 0.7+0.0 1.10.1 1.340.1
HLETE (8 £ 0.7+0.1 0.7+0.2 1.0+0.1

B ARETR () 18.1£1.9 70.7+17.8 73.2+16.7
B AREE(F ) 15.8+1.6 19.8£7.0 25.6+5.9
B AFRGTE (3 &) 12.7+0.2 6.0+3.8 14.4+1.6
- -2.7+0.1 -1.1£5.7 52422
ek 3.9+0.6 3.4+3.4 5.742.2
5% U A 4.1+0.0 -4.2+0.3 5.940.2
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Figure 5-1.2: The total slip rates derived from vector value of each segment modeled with 507 GNSS

velocity field during 2003-2010.
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Figure 5-1.3: The dip-slip rates of each segment modeled with 507 GNSS velocity field during 2003-

2010.
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Figure 5-1.4: The strike-slip rates of each segment modeled with 507 GNSS velocity field during 2003-

2010.
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% 5-1.2:2010-2016 # & GNSS i A3 HH S S 2 L8 FHEF - & FAF
+

GER BRI fEL LB AR BESY D EA G §©

ks o
Table 5-1.2: The result values of each fault model with 2010-2016 GNSS velocity

field. The positive strike-slip rates indicates left-lateral moving and the negative
values indicates right-lateral moving. The positive dip-slip rates indicate reverse

moving and the negative values indicates normal moving.

%#c|2021 BLOCKS ;- #d = %€ BRE7 A 6 > % (2010-2016 :# & 3)
R BE TELFe s T30 v A d F RS
oy (s.s. mm/yr) (d.s. mm/yr) (mm/yr)
A LETR (A E) 0.84+0.0 0.6+0.1 1.0£0.0
LA (P E) 0.7£0.0 1.1£0.1 1.340.1
LR (3 B) 0.7£0.1 0.6+0.2 1.0+0.1
B ARETR () 17.2+1.8 67.1£16.7 69.5+15.6
B AR (P R) 15.0£1.5 19.3+6.4 24.7+5.6
B AR (3 &) 11.9£0.2 6.4+3.5 13.8+1.6
| L TR -3.0+0.1 -1.6+5.3 5.242.1
Rl S 3.9+0.6 3.3£34 5.7£2.2
Ef TR 4.1+0.0 -4.2+0.3 5.9+0.2
r(?
4
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Figure 5-1.5: The total slip rates derived from vector value of each segment modeled with 473 GNSS

velocity field during 2010-2016.
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Figure 5-1.6: The dip-slip rates of each segment modeled with 473 GPS velocity field during 2010-2016.

I
23°06"
= Normal / Reverse Faults
—— Strike Slip Faults
473 Sites during 2010-2016
22°48'
9
22°30" L — D
0 5
Strike Slip Faults Velocities (mm/yr)
2212
T:ED 0 km 50 km
o
21°54'
]
120°00' 120718 120°36' 120°54' 121712 121°30' 121°48' 122°06' 122°24'
T EEBLETA 5 @ % 2010-2016 £ 473 BRI R TE RS Aw

B 5-1.7 - 2021 -&i/?ﬁm m IR T

AR SRS R
Figure 5-1.7: The strike-slip rates of each segment modeled with 473 GNSS velocity field during 2010-

2016.
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% 5-1.3 :2016-2021 # & GNSS i# & S~ % 2 & 9k 453 5 o &
+
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Table 5-1.3: The result values of each fault model with 2016-2021 GNSS velocity
field. The positive strike-slip rates indicates left-lateral moving and the negative

values indicates right-lateral moving. The positive dip-slip rates indicate reverse

moving and the negative values indicates normal moving.

%#c | 2021 BLOCKS /6 = 3% & g8L¥7k 358 & % (2016-2021 & & 3)
sk & T304 f it F T A A YT TE.
- (s.s. mm/yr) (d.s. mm/yr) (mm/yr)
LR (M E) 0.8+0.0 0.620.1 1.0+0.0
LR (P ) 0.7+0.0 1.0+0.1 1.2+0.0
LR (3 E) 0.740.1 0.7+0.2 1.00.1
B ARETR () 13.3£1.5 56.4+13.5 58.1£12.7
 AHETE (P R) 11.4+1.3 16.1£5.5 19.9+4.9
 AHETE (3 &) 9.0+0.1 4.8+2.9 10.4+1.4
o) L TR -1.7£0.0 -1.7+4.4 3.9+2.1
pRil S 3.9+0.6 3.0£3.3 5.5+2.1
% ek 4.1+0.0 -4.2+0.3 5.9+0.2
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Figure 5-1.8: The total slip rates derived from vector value of each segment modeled with 445 GNSS

velocity field during 2016-2021.
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Figure 5-1.9: The dip-slip rates of each segment modeled with 445 GNSS velocity field during 2016-

2021.
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Figure 5-1.11: The GNSS velocity field modeled with 507 GNSS sites velocity field during 2003-2010

which the standard deviation is 23.339. The green 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 5-1.12: The GNSS velocity field modeled with 473 GNSS sites velocity field during 2010-2016

which the standard deviation is 16.155. The pink purple 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 5-1.13: The GNSS velocity field modeled with 445 GNSS sites velocity field during 2016-2021
which the standard deviation is 15.903. The rose 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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Fgure 5-2.1: (a) The digital terrain model of southern Taiwan. Black lines represent the boundary of

LIETR T AP e

blocks with their name marked within the black. Red line and white dots show the active faults and their
nods used in our 3D model: 1. Chishan fault; 2. Chekualin fault; 3. Hsiaogangshan fault; 4. Chaochou
fault; 5. Hengchun fault. (b) Horizontal GNSS velocity field used in our model (blue arrows) with the

68% confidence error ellipse.
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Table 5-2.1: The geometry parameters of the faults in figure 5-2-1.

TR TE | SR A | ABE | B
kLA | HE (°) | INER | EA
(km) (km) | (mm/jyr) | (°)
+ | 59.5E 1.9 6.4
At 112 | 1274
| T | 250E| 64 12.2
#k | ¢ 63.2F 0.0 8.6 734 | -92.9
% 57.1E 0.7 14.0 6.3 84.3
) + | 742E| 04 4.2
L 34.8 99.
T | 242E | 42 8.7
2| kT
% ¢ 61.4E 0.0 8.2 48.9 88.5
% 46.6E 0.0 9.9 19.9 | 141.1
3| ) H LA 42.5E 0.6 9.0 19.7 | 10222
4 3 70E ; 17.5 km - ;
5 % 75E ; 20.0 km - -
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Fgure 5-2.2: (a) The rotation rate of blocks in the three time periods. Blue for clockwise rotation, and red
for counter-clockwise rotation. (b) The location of the rotation poles for each block were marked along

with the 95% confidence error.
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Fgure 5-2.3: Map showing changes of fault slip rates in the three periods. (a) The longterm fault slip

rates. (b) The distribution of coupling coefficients. (c) The fault deficit rates. (d) Interseismc slip rates,

obtained by substracting the deficit rates in (c) from the longterm slip rates in (a).
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(C)2016-2021
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Figure 5-2.4: For the three time periods: (a) Blue arrows show the horziontal components of the GNSS
velocity field. Black lines are the boundary of blocks. (b) The modeled horziontal velocities. (c) The

residual between our modeled and the observed velocities.
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Figure 5-2.5: For the three different time periods: (a) Points show the vertical motion measured by GNSS

and precise leveling. (b) The modeled vertical velocities. (¢)The residual between our estimated and the

observated vertical velocities.
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Figure 5-2.6: Internal strain within each block in three period. Red and blue arrows reprsent maxmim

and minmim principle strain rate.
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Table 5-2.2: The location of rotation poles, the angular velocities and their standard

error of each block, and the maximum and minimum principal axes and azimuths of the

error ellipse for each pole in the three periods of geodetic data.

. 5 . o LR | AR RFA | FAWAEN | FLFRE | FLFRE
(deg/my) | (deg/my) % (deg) |#h& (deg) | $> =&
(A)2003-2009
EURA 180 0 0 0 L fh 4 0 0
CHYI | 120.348 | 23.309 8.9 0.1 66.3 1.1 1.0
WCPS| 123.812 | 16.674 0.3 0.1 74.4 30.5 25.8
EKSH | 121.441 | 30.885 -2.5 0.16 59.4 5.1 4.4
LUCU| 142.677 | -13.832 | 0.20 0 0 0 0
SUCK | 44.981 | 75.435 | -0.69 0 0 0 0
KHSC| 184.612 | -40.089 | 0.21 0 0 0 0
PINT | 322477 | 77.123 -0.5 0 0 0 0
EFSB | 161.87 |-34.992 0.6 0 0 0 0
SCEN | 109.902 | -22.453 0.6 0 0 0 0
HSS1 | 121.664 | 49.649 -0.4 0.3 39.6 48.4 41.7
HECH| 130.591 | -40.924 0.5 0 0 0 0
HSSI1 | 121.664 | 49.649 0.1 0.1 60.3 67.9 61.5
LR | RERFL | FAMAER | FLAWAE | FLIHRE
LA £R WA
(deg/my) | (deg/my) % (deg) |#h& (deg) | > =%
(B)2010-2015
EURA 180 0 0.0 0.0 £ ik 0 0
CHYT | 120.348 | 23.309 8.9 0.2 66.3 1.1 1.0
WCPS| 123.812 | 16.674 0.3 0.2 74.4 30.5 25.8
EKSH | 121.441 | 30.885 24 0.3 59.4 5.1 4.4
LUCU| 141.246 | -32.738 0.3 0.0 0 0 0
SUCK | 129.765 | -40.062 0.5 0.0 0 0 0
KHSC| 172.509 | -50.796 0.2 0.0 0 0 0
PINT | 148.842 | -59.904 0.5 0.0 0 0 0
EFSB | 159.671 | -48.218 0.7 0.0 0 0 0
SCEN | 107.502 | -23.014 0.6 0.0 0 0 0
HSSI1 | 121.664 | 49.649 0.4 0.4 39.6 48.4 41.7
HECH| 130.591 | -40.924 0.5 0.0 0 0 0
HSS1 | 121.579 | 27.643 0.1 0.1 60.3 67.9 61.5
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o4 . o LR | AR RFA | FAWAEN | FLFRE | FLERE
(deg/my) | (deg/my) % (deg) % (deg) | $h= =4
(C)2016-2021
EURA 180 0 0.0 0.0 L fh 4 0 0
CHYI | 120.348 | 23.309 8.9 0.2 66.3 1.1 1.0
WCPS| 123.812 | 16.674 0.3 0.2 74.4 30.5 25.8
EKSH | 121.441 | 30.885 24 0.3 59.4 5.1 4.4
LUCU| 136.185 | -23.157 0.3 0.0 0 0 0
SUCK | 128.045 | -10.604 0.7 0.0 0 0 0
KHSC| 40472 | 67.297 0.3 0.0 180 0 0
PINT | 135.654 | -44.971 0.5 0.0 0 0 0
EFSB | 161.033 | -55.281 0.8 0.0 0 0 0
SCEN | 108.063 | -13.306 0.6 0.0 0 0 0
HSS1 | 121.664 | 49.649 0.4 0.4 39.6 48.4 41.7
HECH| 130.591 | -40.924 0.5 0.0 0 0 0
HSSI1 | 121.579 | 27.643 0.1 0.1 60.3 67.9 61.5
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Table 5-2.3: The geological fault slip rates, and the longterm and slip deficit rates

derived from our block models in the three periods.

WOEED | HFED RIS A2 o
g | gnes [Epgne| prg |10 AT,y
Tk L H s | Bt - (mmiyD) F A EE (comy)
N y i ’ (mm/yr) ’
(mm/yr) | (mm/yr) | (Cmm/yr)
(A)2003-2009
| i oL 1.1 5.5 31.8 11.7 32.9 12.2
B AR Nan Nan 33.8 13.7 34.8 49.0
17 % 5.9 6.4 18.5 0.6 18.5 0.6
PRl 0.6 2.9 12.0 4.6 6.7 6.0
HE 0.7 1.5 41.1 12.5 14.9 12.9
(B)2010-2015
L 1.1 5.5 21.8 2.6 30.1 20.3
N £ 3 Nan Nan 29.1 2.5 18.2 14.6
5 % 5.9 6.4 20.6 0.4 9.3 11.0
Rl 0.6 2.9 20.5 7.2 21.0 9.4
HE 0.7 1.5 16.7 6.4 6.7 7.1
(C)2016-2021
L 1.1 5.5 26.9 4.3 27.5 4.5
B Ak Nan Nan 10.0 4.7 6.0 52
7% 5.9 6.4 19.7 0.4 10.1 9.4
el 0.6 2.9 27.7 4.8 15.0 13.6
L 0.7 1.5 4.5 2.5 2.9 3.4
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5-3 A% F w17 (Baseline Inversion Model )

5-3-1 87/ H-A RIL g & % Sdc

A3+F # * Johnson (2013) 3" Okada (1985,1992) &+ L & ¥ 7 FF é7
R & A TR A MU R o A A RITIrH AR AT - R0 AR
PR R AT N HAD R A R S AR T - ET
& WA E AU R A el AT R a5 B4 #1235 (Steketee, 1958) #riE

2 %7k 45 03] (Okada, 1985,1992) H @G 8 4 * @7k F# E3-E# 2 F

gL
(\x

S RS TR T AR REY SULIES TR R £
® 5 E v 0.25 chiih F4E (Poissonsolid ) » s {+ #- £ (elastic modulus) (1)
209 7 #iCE (shear modulus) (p) 2 3L 48 « i F %78 (fault patch/fault element)
TR S R A (&, & &) € RIBFHEe BB A G A4 Ay
(xq, x5, x3) » BB 2ot 5-4.1 #77)] »

au’ :
ff Au;[2 kaf tn (o gy 2 %, )]dez (5% 541D

e oF 534 82 (8% 4 5 6y 5 B sudilic (Kroneckerdelta) » 4 j=k & >
Sijk=1>F R 5 0;v, 5 238 £ H = (surfaceelement ) d) 2 45% S 8> v o
Aui frAyj 8 =8 - R do% FHER L@ RS ¥ Lend =3 mm/yr; 4
SENEEFACHSE PF LE i mm AL me RN 541 A TE - B

%tk w H = (patch/element) } ¥7 R FHE > € LiZ-» 2 H =42 k2

FeHE o E-w AHETZ EBE §ENT WTEE T RS ITY AT

Rl RRBFEASP SR FSB R LS LB ER M G A EATLR
RSz % BE e ¥k S Slcs 45 ¥ =8 (km) s ER (km)~ £ B
(km)~ F& (km)~ 4% (°)~ ¥4 (°)o Hd »#7f = % Edp¥rk o =57 7

iz B 7K FR ZAp Tk 6 T aiE R (R 5-3.1)° 974 F # £ (faultslip) ¢
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7z = B> ek £[S1,S2,S83] 0 & 812 =4 (left-lateral strike slip ) ~ 17 # (reverse
dip slip) % ¥ 3 (tensileslip) 7 * % o AEFHER & R AL U EHF AT
Pro - B F &Y gAe F#E (S strikeslip) &2 ¥ w F 4 E (S22 dipslip)

@ﬁ%@i%ﬁ%%%@@&ﬁﬁ’ﬂgﬁ%ﬁ%ﬁﬁi(&%%&ﬁ%i

(rake )a‘;] TR AR T B2 E S e H ol K R B 2 M % 5 tan(rake)
=S2/S1° ¥ & =4 & (displacement) F k= ¢ 3 = B > » s E£[UL, Uz, Us] »

w2 d (East) s # (North) 22+ (Up) 52 > w o -kKT =4 & (horizontal
displacement) B & sqrt(Ui? + U2?) -

AR FHAY  BREAT R ARSI AR e g rE S 2
WAL, o T R B I h T 0 LR RS ASITE  rig  L Rk
FAESHE- BT U Bps 2 AR F (Johnson, 2013 )« Bk B FL & 2.
F 2R E 2 P = &35 (Delaunay triangle ) 77 3% 0 $t & gl 2 k4R F {8
m e & Az ¥ E F (elongationrate) T & 0 5 MAMA BRI ER LR » E
PEIAA 2w B rE g A ME &L%ftia&%#%ﬁruﬁﬁfﬁvﬂ(;‘
5-4.2) (Johnson, 2013 ) o

e=AL/ Lo (5£5-42)
HY e G EF AL G F FARERBZ UL E > " TFLARI BRI ERLR
PARA 2 HEE Los RARLER o

,T*uflvﬂ@%‘ﬁ FHCA D ARG TR B Sl A ARV R FEeTR R
PR IR 2 4S8,k G d Okada (1985, 1992) #7ig 2. > 4238 £47 > E7k i x
BREipE FELL s B ARAV R FELL do R L3R EEEFHBSR S
B2 B %5800 Gs=d k47 o AT MH AERFFL2 FEIELT > f1* &

SRV EN 3L kRIS ASI Bk
2

F(s) = Hz‘%(as —d) (X 5-43)
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/‘\\Oﬁh'

EM
BE

o2

DIRERERY ¥t SRR FNCE = S NUEE R TR R S T
B (km)~#FR (km) > £ & (km)~ & (km)~ A= (°)~ & (°)-
Figure 5-3.1: 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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5-3-2 TR BiR S *
AFETAR AR ISEF £ F T FELRE 0 @0 L I TR

¥t GNSS 2 # % kB FAL (B 5-3.2 B 5-33) 0 i A4 s 36 R s 80k

2 MG A b i TR HORE 0 e d AR EBERFHBEEE S AT o )
FRARERBAF FSRTEREALAE PR LA INR R RSB ST

B (4 53.0)c AP LAY AMBRF FHAZE 2 @R B B
THEAAMERE DT B SRR U KT e RS TR RS E S
d BRI A477 ok B e % R p 2002 £ 3 45k R R BT Y

HTARZBARERE A RFEOERFWIFDE 2 4pF - B¢ 2010 & 7 i

|

B2 2016 # 3k EE 3N RERSF LR BEFRE T2 R
REFTBRLERe I FEREME L B Y REOE R FREH BRFY
2002 - 2010 # ~ 2010 - 2016 & 12 % 2016 - 2021 # = 1 PF @ B i B = % A
wiE 7 ETR R (W 5-3.2~ B 5-3.3)

B4 - @ * 2002 - 2010 # 2 i B (B 5-3.2(a)~ B 5-3.3(a)) % kx 4 T
F5BcE 15 PO TE MR SR E S AT SRR 2 REL 6439
mm/yr (] 5-34) ¢ B 3040 01 > B R HRETE 5 ETR 0 0B R HRETE A
H T8k B AR 5 5 141512 mmiyr 0 3B ¢ 0 RR 90422
FRP o F B FBEES 105 mm/yr ¥ ik A (B 5-3.7) 5 & S HRErk ¢
B = #erh » BT8R F S E 5 5 20.1£10.8 mm/yr » 3 & B @ ST ETR
FREO=5 22 RN 0 G B FHBEEE S 8.0 mm/yr 3t et i (R 5-3.7)
BOARETE B BLE L HETE 0 B A RETE 8 B GNSS RlEEA B AR T35
SR B RS R F 5 0.840.2 mm/yr S & AR B RS AE S0 8t Ak A () 5-3.7 )
B A FRETR RIE EESAEE F 5 1.56 x 107 dyne-cm/yr ©

FELETR B S et R B T aourk R MBI E ¥ 5 2.241.4 mm/lyr (B 5-

37); LR ¢ B TR B TR SRS S 5 1.520.8 mm/yr > R @
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AL TR A B B 8 GNSS Rl sE A G D R PR RS AR SO R S
MELETE B B 2 A ETE > H TR B E S S 03402 mmiyr 0 1B &
PORETRER K 0-6 22 HFEFIP 0 F RS FBESE SN 5.0 mmiyr 3 R
(B 5-3.7) « L %7K |3 53R % F 5 8.36 x 10%? dyne-cm/yr

o LR S iR ETR > B T I0ETE RS E S 5 16869 mm/yr 1 & &
PTETR IR G 0-6 22 FERFIN 0 G RS FSBIE S 6 mm/yr T Rk A (B
5-3.7) Bl AEASAE#E F 5 5.21 x 10*? dyne-cm/yr °

PV ETR G ETk > B TR RS E S 1435120 mmfyr o A& B
PONETE MBS B HETE AR AR B NER Y 0-8 22 ERM 0 B
FAREAE S 35 mm/yr At kA 0 B Y LA R B P NER N 0-12 2 2
P B S F B S S0 mm/yr 3t R AR (B 5-3.7) Bl ERE AR S 5 131
x 10%° dyne-cm/yr

2% uTk Ltk o H TISETE R AR S 5 3274103 mm/yr > 1 & &
PONERRRER G 0-10 2 L RIN 0 F B A RSB S 5.0mm/yr 4Tt A ik ()
5-3.7) 0 Bly ABESIE#E F 5 5.95 x 102 dyne-cm/yr ©

Bz %% 2010-2016 &2 & & (B 5-3.2(b) ~ Bl 5-3.3(b))» &% &7 %

TF B LS ISR BB E S AT S EREREA 2 B ES 6196

mm/yr (F] 5-3.5) H & & #3014 1) 0 2 S RETR A B T I0UTR SR E X
% 29.8+10.1 mm/yr > 3 & B¢ t¥TEER G 04 2L ERIN 0 F RS FBESE
F5.5mm/yr * et ek ff (B 5-3.8) 5 B A dkErk ¢ B T inEr R S
& 11.5+6.8mm/yr> 1 & &7 S E¥TEFR ) 0-5 2 L HEFIN 05 B FHBERT
3.0 mm/yr 3t AR A (B 5-38) 5 & ARETE s B 5 - B UTA B AHRETE 3
Bl GNSS iplsb A G > T 308k A AEE 5 5 0.240.7 mm/yr > i P
B A3 B3R S0 2 A B A (B 5-3.8)0 B A HRETE Rl& SBAS 4R 5 5 1.60 x 107
dyne-cm/yr °

LSRG AR Y B AT BT T AR A BT IR S
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i 5w o BT A R TSR RS S 5 1.321.0 mm/yr (F] 5-3.8)
Y1k ¢ BH T I0UTR R M ASIE F 5 03202 mm/yr > @ ELETE & B G 2B ET
Koo BT o8tk R SASIEE S 5 01201 mm/yrs A & B¢ STETEER K 0-10 2
ZHEFEN F ERAFBEET 9 9.0mmlyr >t st ik A (B 5-3.8) o ML T R
BAEEEIRE 5 5 2.07 x 107 dyne-cm/yr

oL ETR G et B T 0ETR SRS 5 5 24426 2mm/yrc A & &
POTETRER S 0-6 2 LRI 0 G B R BASE S 6 mm/yr 3t R A (R
5-3.8) 0 Bl 4EASI# F 5 6.68 x 10%? dyne-cm/yr e

‘BT L ETR 0 B TI0ETR R MBI E S 5 75455 mmlyr > 1 & B¢
WA ERE Y B AR LR B ONER Y 0-8 2L EREPN 0 F R AF
#A5AE S 20-30 mm/yr 2 Ak AR 0 BTA Y LR B¢ ONRER K 0-8 2 2 R
R g B BASIE S 25 mm/yr St Rk fE (R 5-3.8) 0 @ BV ETR & BORR
H0-8 2L RPN 4 F 25 mm/yr 2 A AFAE SO0 AL AR 0 RIE CBASIE
% 4922 x 10** dyne-cm/yr -

Pkt 5tk o B T 0k R BASEE S 5 17.645.6mm/yro A & & ¢
ETRIRR N 0-8 2L FIN 0 F B B S 3.0mm/yr ¥t i fE (B 5-
3.8) By AEREARE 5 5 1.47 x 10*! dyne-cm/yr

A= % 2016-2021 & 2 i A& (B 5-3.2(c)~ B 5-3.3(c)) % &n g <
F ol -14 P TETISTR RSB E AT SR ERE 2 BES 5510
mm/yr (§] 5-3.6) « H B #3145 00 & S HRETE A BLH T I0UTR s
% 307+113 mm/yr> i & f ¢ HEEIER G 0-4 2 L FERIP oA FSEAE
F 3.5mmlyr 3t rh fF (Bl 5-3.9) 5 & S hrk P BCH T iourk R SR S
211770 mm/yre 3 & B¢ MR RR 9 0-5 2 LRI 0 F B FBBES
5.0 mm/yr 0 AR A (B 5-3.9); & AHRETE e B G B ETE - B A HRETA 3
£ il GNSS plsb A G ffrb o T 3080k F B A5 S 5 0.2£0.5 mm/yr > g p

BOR AR S0 0 A A () 5-3.9)0 3 A RErR Bl ¥ B 5 5 4.93 x 102
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dyne-cm/yr °

FELETR B E Y BRRA P RFSER I e A B A RSE
ik 5w o BT A R TSR RS S E S 5 04205 mm/yr (B 5-3.9) 3
Y1k ¢ BH T I0UTR R M ASIE F 5 03202 mm/yr > @ ELETE & B 2B ET
R BT ioErk R A RS S 5 01202 mm/lyro A & B¢ ¥R RER K 0-10 2
2HEFEN G ERAFBEE T 9 9.0mmlyr >0tk A (B 5-3.9) o M LTk R
BRI E S 5 175 x 107 dyne-cm/yr

oL ETR S ETR 0 B T 0 R R AR S 5 3424110 mm/yr o A&
BPorETRRA S 0-6 2L FEFP 0 F B R B SF Smm/yr 2t A&k f (F]
5-3.9) 0 Bl 4EA5IE# F 5 3.17 x 10%? dyne-cm/yr °

TR G TR o B IO RSB E S S 5.0852 mm/yr 0 A& £ ¥
WER A RS B HEE AR AR B ONERN 0-8 2L FEFN > F R F
BRI S 25-35 mm/yr T Rk AR BTA Y BA R B Y ONFER Y 0-8 22 FF
RooF B FBAES 35 mm/yr 2t Ak (B 5-3.9) 0 @V ETE 8 BURAR
£ 0-8 22 FREM 0 » F 9 20mm/yr 2 F ARSI ST AR BIE EASE
% % 9.98 x 10** dyne-cm/yr -

Bherk Ltk o H T 08 B E 5 26.9+11.2 mm/yr > 1 & &
PTETR IR G 0-6 2 L FEFIP 0 F B RSB S 3.0mm/yr 2t A (B
5-3.9) Bl BS54 E F 5 1.18 x 10*? dyne-cm/yr °

Z RREHEAY TR RE A HRETE A B R Y LB s G RS T oy

Bgp#redpad s o d @ REANET F MG P B8 e Baplsh e §RG fer

BOETR AT M R RS KRS R D R e g
oo iV oy AE A FRETE A R T 0Tk R BRI S ehR Tl - o

Bl L ETE YT M RS G Rk DT IO R R B SRR 5 W @
EEAGEAGRFT PRI # LR AR E3T i R0 d oG

jed e F oo AN FRESETE AR T E S s g > A R AR R
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AARF s SRR R AL T N AE ) [ LETR § F R T ek
BRI R T -

TOHE g AT L R T IORTR FB AR 5 0 d T E S T B Rl
RS o3 PEAS  GRFNA Lo 6 BEEEERd 7 AR L6 53
ERBTBS @ RO VRET RS EFER R L Rbd DR AL -

R g ETE A fﬁﬁﬂﬁéi%ﬁ%ﬂb@gﬁﬁ%ﬁpiﬁhﬁ AT RAERELE ®

R d YrR 12006 & 12 0 2 {50 AR UBRFHFE EDE A
AR Uk TR A BB E S cHT L AP RARTREHES

BT - HaETy 1T %’Fiﬁ I'J‘l‘&ff‘f% T gt e A /fﬁéﬁ#ﬁ'ijﬁm
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# 5-3.1

DETR TR F o
Table 5-3.1: Average slip deficit rates.

s T 56 CER=T )
T 1= v S I B
ek LA : il *’;i N 5 8 it % ( *’F’“f;‘)
s.s.mm/yr (ds mmnm/yr
.S. mm/yr) (mm/yr)
R 13.3 1.5 14.3 12.1
5% A 17.2 26.4 32.7 10.3
ol L TR 15.7 5.7 16.8 6.9
T
1.1 13. 14.1 12.1
(#) 39
B A RETA
o 20.0 0.6 20.1 10.8
Bl - (*)
2002-2010 & T
) . 0.7 0.3 0.8 0.2
2R (%)
HE L TR
0.4 2.0 22 1.4
()
HE L Ry
1.5 0.1 1.5 0.8
(*)
':E?\lr%{r 4
s o )él 0.0 0.3 0.3 0.2
R 4.7 3.0 75 55
12 % ks 6.9 15.6 17.6 5.6
o)L R R 15.4 18.1 24.4 6.2
3 AER 21.2 20.9 29.8 10.1
()
B A HRETR
" 1.5 0.0 11.5 6.8
BAl = (¢)
2010-2016 E Ty
) 0.0 0.2 0.2 0.7
23R (&)
LR 13 0.1 13 1.0
() . : . .
HE L R
0.1 0.3 0.3 0.2
(¢)
ig LT R
(s ;}é’ 0.0 0.0 0.1 0.1
N R 24 2.8 5.0 5.2
5% ek 7.6 24.6 26.9 11.2
LA 23.8 23.1 34.2 11.0
B A HRETR
222 21.0 30.7 11.3
()
T
L 11.7 0.1 11.7 7.1
BoA = (*)
2016-2021 B AR
. , 0.0 0.1 0.2 0.5
2 i R (%)
HE L Ry
4 . 4 .
() 0 0.0 0 0.5
LT R
0.0 0.3 0.3 0.2
(¢)
7E 0 BT R
A i 0.1 0.0 0.1 0.2
(&)
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(a) (b)

23700 2300' E ‘ f -
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22°00' 2200 - i L
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LE o 3 3 > (E y . >
0 20 40 60 [¢] 20 40 60
Horizontal Velocity (mm/yr) Harizontal Velocity {mm/yr)

(c)

23°00"
22°30'
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22°00 i |
0 10 20

1 T
120°00° 120°30'
C— ; D
[¢] 20 40 60
Horizontal Velocity {mm/yr)

B 532 4% 3% % GNSS it 2k ~ B 2b4p 30 ipek SOIR 5 2R T @ B3 (L#)- Fd
MG P LR FEARTNL 2 ERETE o (a) £ 97 2002-2010 & -k T & 3 (b) £ 57 2010-2016
ERTF B (¢) %57 2016-2021 # KT 3§ & 5 -

Figure 5-3.2: Horizontal GNSS velocity of SW Taiwan. The velocity of CGNSS and RGNSS are relative
to SO1R station. Blue dashed lines indicate the active faults defined by CGS. (a) The velocity field from
2002-2010; (b) The velocity field from 2010-2016; (c) The velocity field from 2016-2021.
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(a) (b)

23°00' 23°00' =
22'30' - 22'30' 4 -
a B g AR u, ’§
A 15 7 A 15
A 25 e A 5
A 35 A 35
A Uplift 5 A Uplift km
22°00' . - 22'00' ——
¥ Subsidence ¥ Subsidence ¢ 10 20
d } = T ' .
120°00' 120°30' 120°00" 120°30°
L Saaaa—— ] L J
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(c)
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A :
22°00' Up|lﬂ. P

¥ Subsidence ¢ 10 20

T
120700 120730

L IE——
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Uplift rate (mm/yr)

Bl 5331 & %a 3k FAPH R SOIR 3243 @ A3 Fd RRGY LB TR AL 2
BB UTE o (a) %57 2002-2010 & -k T3¢ & 3> (b) %57 2010-2016 # -k T3¢ & 3> (c) % 7 2016-
2021 EkTiERF 2 43 Lqdnd A 2 A5 AT RAEL ) o F kAT
@F o Ld hEATmEEF o

Figure 5-3.3: Vertical velocity of SW Taiwan relative to SOIR station. Blue dashed lines indicate the
active faults defined by CGS. The direction of the triangle indicates uplift or subsidence; the size of the
triangle represents the speed of the velocity; warm colors show uplift while cold colors show subsidence.

(a) Velocity field from 2002-2010; (b) Velocity field from 2010-2016; (c) Velocity field from 2016-2021.
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Figure 5-3.4: The 1% model applies the velocity from 2002 to 2010. (a) Horizontal velocity observation ;

(b)Horizontal velocity calculation; ( ¢ )Horizontal velocity residuals; ( d )Vertical velocity observation;

(e) Vertical velocity calculation ; (f) Vertical velocity residuals.
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Figure 5-3.5: The 2% model applies the velocity from 2010 to 2016. (a) Horizontal velocity observation ;

(b)Horizontal velocity calculation; ( ¢ )Horizontal velocity residuals; ( d )Vertical velocity observation;

(e) Vertical velocity calculation ; (f) Vertical velocity residuals.
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Figure 5-3.6: The 3% model applies the velocity from 2016 to 2021. (a) Horizontal velocity observation ;
(b)Horizontal velocity calculation; ( ¢ )Horizontal velocity residuals; ( d )Vertical velocity observation;

(e) Vertical velocity calculation ; (f) Vertical velocity residuals.
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Figure 5-3.7: Fault slip deficit rate of SW Taiwan from 2002 to 2010 velocity.
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Figure 5-3.8: Fault slip deficit rate of SW Taiwan from 2010 to 2016 velocity.
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Figure 5-3.9: Fault slip deficit rate of SW Taiwan from 2016 to 2021 velocity.
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Table 5-4.1: Weighted average slip deficit rate in this project.

Baseline
Bid?)ggs DEhiI:Cg?E Inversion %\t T 15
S| Modd | gy
R (mmiyr) o TEE | (mmjyr)
(mm/yr ) (mm/yr )
TR 10.1 18.7 38.5 224
poerk | Tio 57 %22 6.7 % 6.0 143 + 12.1 8.9
< 12 0.0 0.0 0.4
TR 6.3 19.7 53.3 26.4
E4ek |[T5 59 %02 185 + 0.6 327 + 103 19.0
= 55 17.3 12.1 11.6
L R 9.6 57.3 30.6 32.5
n e 52 %22 329 + 122 16.8 + 6.9 18.3
= 5 0.7 8.5 3 4.1
o R 106.5 132.8 383
o Ty 732 + 167 14.1 + 12.1
() = R 39.9 0.0
13 - I R 374 41.7
2002-2010 & ’ﬂﬂ‘“*‘r T 256 + 59 34.8 + 49.0 201 + 108
2R ) - R 13.7 0.0
Y 17.5 12
s s 144 + 2.0 08 + 02
® < R 112 0.0 0.4
Lk TR 1.1 40.7 5
e T 1.0 + 0.0 22t 14
(#) i 0.9 0.0
Lk TR 13 23
! I35 13 + 0.1 14.9 + 12.9 15+ 08
< 12 0.0
N TR 1.2 0.7
ELER g 10 £ 0.1 03 + 02
() g 0.8 0.0 0.0
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Figure 5-4.1: Weighted average slip deficit rate in this project.
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Table 5-4.2: Weighted average slip deficit rate in this project.

Baseline
BLOCKS DEFNODE e e g5
Model Model 1 }
Mode o A A4
cgpg | S PEIBE | EE IS @
I
YR 7 A T & Tpn
T R (mm/yr) 43 i (mm/yr )
(mm/yr) (mm/yr )
R 10.1 398 185 238
poerk | T 57 +22 210 + 94 75+ 55 11.4
< A 12 % 0.0 1.1
TR 6.3 312 28.8 221
E4ek | T 59 + 02 92 + 11.0 17.6 * 5.6 10.9
< R 55 0.0 6.4 40
L R 9.4 70.7 36.8 39.0
v T 52t 21 30.1 + 20.3 244 + 62 19.9
R 1.0 0.0 12 43
TR 100.8 474 50
B Ak
(’f; T [55 | ©95¢t 156 29.8 + 10.1
! - 38.2 9.6
b - e |2 7 358 25.1
2010-2016 & (o T35 247 £ 5.6 182 + 146 115 + 68
ZER % 13.5 0.0
R 17.0 1.6
B AR
(/.,ﬂ; i T 139 + 1.6 02 + 0.7
* =R 10.5 0.0 0.0
. TR 1.1 208 33
gy T 1.0 + 0.0 13 £ 1.0
! - 3 0.9 0.0
!
ML o A 14 0.7
003 Ey 13 0.1 6.6 + 7.1 03 + 02
= R 12 0.0
TR 12 03
LR d
5 Ey 1.0 + 0.1 01+ 0.1
* g 0.8 0.0 0.0
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Figure 5-4.2: Weighted average slip deficit rate in this project.

325



405430 AP EHCAZ 2

Se T IDU R AT 5

Table 5-4.3: Weighted average slip deficit rate in this project.
Baseline
BLOCKS DEFNODE Inversion PR
Model Model
- ___Model o A RS A
R (mmiyr) o TEE | (mmjyr)
(mm/yr) (mm/yr )
i 9.7 42.2 15.4 224
N T K I35 551+ 2.1 15.0 £ 13.6 50 £ 52 8.5
T 1.3 0.0 0.0 0.4
i 6.3 28.9 49.3 28.2
e %%"ré] T3 59 £ 02 10.1 + 9.4 269 + 11.2 14.3
TR 5.5 0.0 4.5 33
b R 8.2 36.5 56.2 33.6
4 & T 1o 39 + 2.1 275 + 4.5 342 + 11.0 21.9
TR 0.0 18.5 12.2 10.2
Fy e R 83.4 16.4 53.3
() T 1o 58.1 + 12.7 30.7 £ 11.3
TR 32.8 8.1
A = A s R 29.7 259
2016-2021 & (*) L35 199 + 49 6.0 £ 5.2 11.7 + 7.1
2R TR 10.1 0.0
B A kg R 13.1 1.2
(%) B 104 + 1.4 02 + 05
* = 7 7 0.0 0.0
L R 1.1 9.6 1.4
- T ia 1.0 £ 0.0 04 £ 05
() TR 0.9 0.0
WLk 2 fi L4 0.7
(¢) T 15 1.2 £ 0.0 28 + 34 03 £ 02
R 1.2 0.0
6L 5 s 1.2 0.5
’( ) T 15 1.0 £ 0.1 0.1 £ 02
¥ < 3 0.8 0.0 0.0
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Figure 5-4.3: Weighted average slip deficit rate in this project.
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Figure 5-4.4: Distribution of fault slip deficit rates with the object areas (Kaohsiung metropolitan area,
Kaohsiung Science Park, and Kaohsiung Qiaotou Science Park). (a) The velocity field from 2002-2010
of fault slip deficit rates; (b) The velocity field from 2010-2016 of fault slip deficit rates; (c) The velocity
field from 2016-2021 of fault slip deficit rates.
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Table 6-1.1: Rupture cases and weights of the Chishan fault

g LA | & B (km)
A 6
¢ 9
3 12
i

0.10.05{0.25/ 0.1 |0.25

Z06-12 1 LT 2 L BT BRI E B

Table 6-1.2: Magnitude calculation results for each rupture case of the Chishan fault

Wells and Coopersmith, Yen and Ma,
BAER| HE | TR | %A [1994(RL A & Ff AR T30 2011
* 2 (km)| (&) el (km) | (km?) (Mw) (B & Ff -4
-G ¢ +o B % 3 )(Mw)
Ale P20 52 1 s | s 6.2 6.5 6.1
25 |6.4~12.2] 13.7
B |15 A+D 200 | 6.1 6.4 6.7 6.3
C |27 A+D+F 390 | 6.4 6.7 7.0 6.6
D|9|632] 086 | 96 | 87 | 58 6.1 6.4 5.9
E | 21 D+F 277 | 6.2 6.5 6.8 6.4
F |12]571]07~14 | 158 ] 190 | 6.1 6.4 6.7 6.3
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Table 6-1.3: Weight and confidence of each survey’s uplift rate of the Chishan fault

Slosgep [Plme | TP e exeon
¥ KX [IENN
% TR x| T | v B =0
o 1 | 02| 09 0.8 0.144
M2 L % (2012)
13 06 | 09 0.8 0.432
[ Shyu et al. (2020)
, 16 02 | 09 0.8 0.144
A
’ B 24 02 | 07 0.8 0.112
A FRELIF + 321 06 | 07 0.8 0336
(2020) . . . . .
4 02| 07 0.8 0.112
4 o 025 02 | 09 0.6 0.108
e 2z o12)
A
" | Shyu et al. 2020)| 05 | 06 | 09 0.6 0.324
B 075 02 | 09 0.6 0.108
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Figure 6-1.1: The cumulatively weighted distribution for the uplift rate of the Chishan fault.

331



6-1-2 }F LBTR i 23 4 52 B %

R d R BRCER LR LA e BRI 0 B 6-12
26 BRLAE B2 s BHSA A

FELETE R - w3y G RAEL 0 M 6 AN L AR L A T i T
Bl 6-13 2 L R E A F F > B ¥ 7 LRH6] PIEERT - #4 BA
FREIEPRFF-EE SR TEIIB 6142 F Lk s RRFTRPFT-EE LT B

BY o+ LY a 100~200 £ GE £ R o

Chishan fault A Chishan fault B Chishan fault C
har. EQ Mw= 5.9~ 6.5 har. EQ Mw= 6.1~ 6.7 har. EQ Mw= 6.4~ 7.0
4 = 0.855 4 = 0.855 47 = 0.855

2 lip rate= 0.3, 2.0, 4.6 mmJyr 2 lip rate= 0.3, 2.0, 4.6 mmiyr 2 lip rate= 0.3, 2.0, 4.6 mmiyr
. 3 .3 8-
H ¢ Observed ault A b ¢ Observed ault B b 4 Observed ault €
= ——Char. E&. Model = ———Char. E&. Model = ——Char. E&. Model
g 27 g 27 = 21
= = =
; 141 = ; 141 = ; 141 =
= = =
= 0 = 0 = 0
= = 3 =
i s —IN S 17
z z z
= 21 = 21 = 21
E Wy E E
g -3 ; g -3 g -3+
o \ S 3
- i —4-

(Fault Area= 113 sqr km (Fault Area= 200 sqr km) (Fault Area= 390 sqr km )
=5 T -3 T =5 T
2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9
Magnilude, Mw Magnitude, Mw Magnitude, Mw
- Chishan fault D - Chishan fault E - Chishan fault F
3 1 DT 1 DT
har. EQ Mw= 5.8~ 6.4 har. EQ Mw= 6.2~ 6.8 har. EQ Mw= 6.1~ 6.7
4 = 0.855 4 = 0.855 4 = 0.855
2 lip rate= 0.3, 2.0, 4.6 mmiyr 2 lip rate= 0.3, 2.0, 4.6 mmiyr 2 lip rate= 0.3, 2.0, 4.6 mm/yr
~ 8- 3
& 4 Observed ault D 7] ¢ Observed ault E 7] & Observed ault F
ol ————Char. E4. Model ol . ———Char. E4. Model ol d ———Char. E4. Model
= = 2- o 4
; 1- = ; 1- = ; 1- =
= = =
= Z 0 Z 0
. o 1 o 1
=z =z
s -2 = 2
£ -3 £ -3
S S

_ {Fault Area= 277 sqr km) !
203 4 5 6 7 & 9 2 3 4 5 6 7 8 9 203 4 5 6 7 B 9
Magnitlude, Mw Magnitude, Mw Magnitude, Mw

{Fault Area= 190 sqr km)

Bl O-12: Ltk L B E 28 AR 284 F2 M %o
Figure 6-1.2: The recurrence relationships based on characteristic earthquake distribution for each

rupture case of the Chishan fault.
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Figure 6-1.3: The summed magnitude - weighting relationship for the whole branches of the Chishan
fault.
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Figure 6-1.4: The summed recurrence interval - weighting relationship for the whole branches of the

Chishan fault.
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- EBF AR L A A F)pt A2 4 Poisson BV B (FIEG o
% 6-1.4 58 L %7k Poisson 3V = i 2 B % - AL B R 5 6 & 2021 £ > ¥

1.1% ~ 1.8%%

Wi

TR K 30 & ~50 £ 2 100 &3 4 BAERP6S5 0 2
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Table 6-1.4: Earthquake probabilities for the Chishan fault in this project

Pk R 30 & 8% 50 # 100 & 8 %
BHEM (Mw) Poisson Poisson Poisson
58= M £7.0 9.4% 14.8% 26.1%

M = 6.5 1.1% 1.8% 3.4%
M =70 0.01% 0.02% 0.03%
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B A ARETR BoiT -
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fETE 6210 o

XA PR A T3 Poisson B

FRFERER e

F06-2.1 0 B A RETE A BB S B E

Table 6-2.1: Rupture cases and weights of the Chekualin fault
AECEH | R R(km) | A

B| C|DJ|E]|F
A 6
4 11
% 5

e 0.25| 0.1 | 0.05(0.25]0.1|0.25

F# ik F(mm/yr)  [30.7]17.9|14.7 |11.7(8.8| 0.2
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Table 6-2.2: Magnitude calculation results for each rupture case of the Chekualin fault

Wells and Coopersmith, 7 A il
BA|ER| Fh | ER TR | 54 | 1994GEH 5 f- A 7 ) (Z;‘;?, ﬁf’%:
™ AF - TR
* 2 |(km)| (& km) | (km) | (km? Mw Y s
(km)| (&) | (km) | (km) |(km®) (u ) B % 20 )(M)
-G vE +o
74.2 10.4~4.2
A | 6 83 | 50 5.6 5.9 6.2 5.7
242 14.2~6.0
B | 17 A+D 153 6.0 6.3 6.6 6.2
C |22 A+D+F 187 6.1 6.4 6.7 6.3
D | 11 | 614 | 0~82 ] 93 | 103 5.8 6.1 6.4 6.0
E | 16 D+F 137 6.0 6.3 6.6 6.1
F | 5 ]466 | 0~50]| 69 | 34 5.4 5.7 6.0 5.5

337




6-2-2 # A HRETE L2

At h UHE BRI E AR E AT R R BRI B 6
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Figure 6-2.1: The recurrence relationships based on characteristic earthquake distribution for each

rupture case of the Chekualin fault.
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Figure 6-2.2: The summed magnitude - weighting relationship for the whole branches of the Chekualin

fault.
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Figure 6-2.3: The summed recurrence interval - weighting relationship for the whole branches of the

Chekualin fault.
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6-2-3 F AHRETE #8536
LEFBLAATE L ERBTEERG > BF RS- B 2g¥ 2 2@
B A i BPT #0558 2 B 97k A £ 3050 2 100 # ch%F 4 48 5% » & S HRETA B
fe- P APFRF L AL Ft A3 5% Poisson o (TEER o
% 6-23 5 & A ¥k Poisson ViR 2 % o A=K B 5 &~ 2021 & o
FRAK30E50&Z2 100 25 4 2 BAERO6S 2855 07%1.2%%

2.1% o
£6-23 1 Rt d AREE B 2 g R
Table 6-2.3: Earthquake probabilities for the Chekualin fault in this project

P RAE 30 & # F 50 &£ # % 100 & #% %
RHM (Mw) Poisson Poisson Poisson
55= M =6.7 43.0% 53.4% 65.8%

M = 6.5 0.7% 1.2% 2.1%
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6-3-1 /] ¥ L8k Rk

B 413 & J Lk A LA R PRI BT N RS BT
A feded 6-3.1 #5 o

PO ETE SRR AR R L Rl A G 425° FR G 0.6~9.0
A B

ERAE B2 A VA BRAR I ~ Wells and Coppersmith( 1994 ) 2 Yen
and Ma (2011) 2 %k A e o ¥ RERHE2 Gk 238 > # ¢ 3% Wells and
Coppersmith (1994) z & X ¥ 5 F T2 2% » £ 63297 5 LB AT 22 8
AR o

T HLEE LD FSESF AT FTEHEAL 2B %S B EL
drd 6-33%77 0 AL EDITRERLETLZ 0207 EE 060 ¥ A o6-

33V EHAR AL FE THEE BT AR CRO~]) BN E

TRRARE 0 'biilﬁ'r{ o FRAUF E (2020) %3 L E (2012) 3N @

\.I.II& é'l mﬁ;ﬁ‘i“ y TF R
(0.7); Shyuetal. (2020) F# ¥ & S ja i d % j 1 T 43 K $0L » £.s R BT 0.7

\\\Xr

TR T ERA R F LR 00 Bl s R

R RCRT R S (2020) 2 Shyuetal (2020) 3= chF a3t )
MALETE Y B R R L B R R RAIAA PEEE S R E o [
6-3.1 S HABEFRAMFAEDGE > L AR SRR AP F R AETR
DNEIFHEF TR 0.9mmiyr(E G B 10%) 0 ¢ & 4l mm/yr( R AE G R
50%) 0 % + R 7.0 mm/yr( R A 5w R 90%) 0 HBEA B L 0250602 ¢

L BT BT SF A PERF A S F] P 4R % Poisson BN iR (TR o
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20631 ) LETE A BRI B
Table 6-3.1: Rupture cases and weights of the Hsiaokangshan fault
AEAFE | R (km)
| L TR B 9
RSN 16
‘e

%632 ) LTk ABATERBE RS

Table 6-3.2: Magnitude calculation results for each rupture case of the Hsiaokangshan

fault
Wells and Coopersmith,
BAE AT FA |TR| 6 A |1994EA & f-RBH 1430 Zf;aldeaa 2011
% (k)| (2) | (k) | (km) | (km?) (M) FHS SR
- ¥ to EERIL
Al o9 112 | 5.9 6.2 6.5 6.0
B | 16 |42.5]0.6~9.0[12.4] 199 | 6.1 6.4 6.7 6.3
C |25 311 | 63 6.6 6.9 6.5

#0331 LEEFHEFLEDACZHKEREZE TR
Table 6-3.3: Weight and confidence of each survey’s slip rate of the Hsiaokangshan

fault
P 5 o FAESF | ER R BEXE
] (i =S (comy) £ | wn N
N3
1.6 02| 0.7 1 0.14
AU E v L E (2012) 482 T YERITINT : v
(2020) | A% &2t 8402 & . . . .
62 (02| 0.7 1 0.14
Shvu ef al 0.8 (02| 0.7 1 0.14
(?82603 ' Feds & R TG 44 0.6 0.7 1 0.42
79 02| 0.7 1 0.14
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Figure 6-3.1: The cumulatively weighted distribution for the slip rate of the Hsiaokangshan fault.

6-3-2 /| W oLgTE R E EF S T2 Mk

AP F B BRGNP E ML R AR AT R ERFIE o B 6
32 5 3 BRI E B2 P RS AT

DB E - e fdcr HEE 0 M3 BN L AL
FIB 633 2§ LETARE-EEA T B Bl° 7 LRH6] L RS o B
RAFFEFEF-EL S ATIIE 634 2 fLEKEr ERFREPER- L

AT R BY T RS A 100~200 £ fEE R -
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Figure 6-3.2: The recurrence relationships based on characteristic earthquake distribution for each

rupture case of the Hsiaokangshan fault.
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Figure 6-3.3: The summed magnitude - weighting relationship for the whole branches of the

Hsiaokangshan fault.
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Figure 6-3.4: The summed recurrence interval - weighting relationship for the whole branches of the

Hsiaokangshan fault.
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6-3-3 | L8718 5 3=
LEFBLAATE L ERBTEERG > BF RS- B 2g¥ 2 2@
B A4 i BPT #0558 2 B 97k A £ 3050 2 100 # ch%F 4 48 5% » ] f L¥7 A
(8- AP A PFR L Rao F)P A F 3 * Poisson ol B (7RG o
% 6-3.4 5 @ L%k Poisson ViR 2 % o A2 K R 5 &~ 2021 & >
FI R Kk30#50# 2 100 &34 ¥ BAERH65 1 2 5 5 25%4.0%%

7.2% o
%634 2P FH ) HLEEF AP IER
Table 6-3.4: Earthquake probabilities for the Hsiaokangshan fault in this project

P RE 30 & % 50 & % 100 & 8 %
M (Mw) Poisson Poisson Poisson
590= M =69 16.5% 25.4% 42.2%

M = 6.5 2.5% 4.0% 7.2%
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6-4 i W ET R

6-d-1 30 ek S

I 4-1-4 5 VR~ S e B AP ER RSN LT B
E A et 6-41 7 o

BONETE S A ERANF R S8k AL 700 FRG 1TSS 22 o

LR E 2 B Tk EARACR & ~ Wells and Coppersmith( 1994 ) 2 Yen
and Ma (2011) 2 %k At o f ¥ BERE2Z Sk o538 > 2 ¢ 3 Wells and
Coppersmith (1994 ) z - ® X i 5 F T2 st » £ 642977 5 AL B E 22 4
RAEARLEC o

PSR EDFHEFE- BAALE O F AR E R o 4245 Shyu et
al. (2020) fU* e &HE2am 2 &£ AEIEAFHESFY 5 0.7 mmiyr
PR AN G 23 mm/yr 2 0.4 mmiyr o d Y F i TR SR RS
REREE AP E Y RUELE AR N FER > AR E 04 mm/yr (BE
02)>0.7mm/yr (# ¢ 0.6)° 23 mm/yr (£ 0.2) -

BVETE BT A A PR A4 TPt Poisson BV iR TR o

2641 ek A BRSNS EE
Table 6-4.1: Rupture cases and weights of the Chaochou fault

N o1 * K
TR
LEREAE| 16
M 44
3 £ 30
B Bt OB 16
i . .09(0.04/0.01]0.16(0.09]0.0410.16/0.09 |0.16
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Table 6-4.2: Magnitude calculation results for each rupture case of the Chaochou

fault
Wells and Coopersmith, S el e 0
RAE|ER|HE | RE (TR aﬁl%“&ﬁaﬁ%ﬁﬂﬁﬂhmﬁ&ﬁ%ﬁﬂ
* & |(km)| (&) | (km) |(km)|(km?) (Mw) 4%&‘M
o P g | 1o w2t )(My)
A |16 298 6.3 6.6 6.9 6.5
B | 60 1117 6.8 7.1 7.4 7.0
C |90 1676 6.9 7.2 7.5 7.3
D | 106 1974 7.0 7.3 7.6 7.4
E | 44 819 6.7 7.0 7.3 6.9
70 17.5 |18.6
F | 74 1378 6.9 7.2 7.5 7.2
G | 9 1676 6.9 7.2 7.5 7.3
H | 30 559 6.5 6.8 7.1 6.7
I | 46 857 6.7 7.0 7.3 6.9
J 16 298 6.3 6.6 6.9 6.5
6-4-2 P HETR R EF 4 K2 Bk

Ak R RS E R R A BT P E RAE R B 641

A 10 BRLAE B2 B RECA F A

i

BTk & - Sy

FHAEE 10 AR 2 R E S TP 5

B 6-4.2 2303 W4T AR E AT Bl BlP 7 LR T0 hfEE B o B8 R

BREFF-EL R TED

B¢ ¥ L & 2000~3000 & g &£ g o
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Figure 6-4.1: The recurrence relationships based on characteristic earthquake distribution for each

rupture case of the Chaochou fault.
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Figure 6-4.2: The summed magnitude - weighting relationship for the whole branches of the Chaochou

fault.
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Figure 6-4.3: The summed recurrence interval - weighting relationship for the whole branches of the

Chaochou fault.
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6-4-3 1V ETK B KR
LEFBLAATE L ERBTEERG > BF RS- B 2g¥ 2 2@
B 4 s BPT #5785 V¥ & & 3050 2 100 # g 2 485 > 30 1 87k
Bofs— B AR L AF > FP A4 5% Poisson BN i (FIERG o
% 6-43 5P METk Poisson HiER 2 Bk o ACH R S 8 & 2021 £ > F

2.1% ~ 3.4%%

Wi

TR K 30 & ~50 £ 2 100 &3 4 BAERP6S5 0 2

6.6% o

6437 R h R R B 2 R 5T
Table 6-4.3: Earthquake probabilities for the Chaochou fault in this project

Pk R 30 & 8% 50 # 100 & 8 %
BHEM (Mw) Poisson Poisson Poisson
63= M =76 2.3% 3.8% 7.3%

M = 6.5 2.1% 3.4% 6.6%
M =70 0.7% 1.2% 2.4%
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6-5-1 {5% ¥k 2k

P 4-14 8 8k il PEAN BT AR gL A
fedod 6-5.1 9557 o

LUk AT AP ERANF T S MEZ T FRLZ20202 o
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BT RE S RIEE AR L 0SS RRHFE- B LS 1o ¥
7053 ¢ HEHARPTAAFEEFTHREE %S HE R (0~1)° Chenand Liu
(1993) ~m= L% (2006) ~M= L% (2014) I EH 6k + Sihdenp

WA IS RS o Ra F R TE2 AR 2R eRER 075 8 M

-~

v LR (2010001 F* T R B o R B (0.8)5 ¢ 2 A(2012)

4

R G NRA L H - B L U S E RS RBE 070 0 bd
ARG 26 B TERAE SR SRR (08) mE SRS 6
Ar o BEE S BRSO L AP e 0 Aa 2 LEeotErk Y BE

R % 08; ChenandLiu (1993) ¥ sz 2 i 2 Bole 2@k s ¢

WETR R B RRM AR5 072 065 iy LE (2014) WiEH BHF L
AR L UTR A B i B BRI (0.6) 0 B E R oo R R vk

e fEiE o W 6-5.0 3452 F B Beni b d BAD) S ABRA . ki
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7505 BRI A £ F S 50~T70 R E T ¥ o BRFSEFT R L.o6mm/yr
(<€ 02) 7 @ 52mm/yr (£ 0.6) 2+ % 7.7mm/yr (1€ 0.2)°

2.4 87K BiT - S5 2 PR RS F1L 4R 7 Poisson B 7R ¢

%651 ELek A B AN EE
Table 6-5.1: Rupture cases and weights of the Hengchun fault
B EH | & A (km)
R 28
% fx 23

2652 k2 AR AT EREE RS
Table 6-5.2: Magnitude calculation results for each rupture case of the Hengchun

fault
Wells and Coopersmith, S il s 2011
BAER|MEE | FR || &4 [1994FH 6 FF-2RHH 230 (m;»uaﬁ-—%’?umﬁg
# & |(km)| (&) | (km) |(km)|(km?) (M) e n
- LRI +o 53 (M)
A | 28 580 6.5 6.8 7.1 6.8
B |23 75 20 120.7| 476 6.4 6.7 7.0 6.7
C |51 1056 6.8 7.1 7.4 7.0
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CEEEREE R

Table 6-5.3: Weight and confidence of each survey’s uplift rate of the Hengchun fault

tet i aRERCH LS
r Ay PES L EXE R
' ’ (mm/yr) wp | wp |FEXR
ATERZ LA 53 05 | 07 0.8 0.28
B A& Lp®m AC
% & (A ) 6.3 0.5 0.7 0.8 0.28
Chenand | #IFAESZ 2 T &£ 6.1 0.5 0.7 0.7 0.245
Liu (% 2i) 6.9 05 | 07 | 07 0.245
(1993) | /ot % 2 2 A4l 3.4 0.5 0.7 0.8 0.28
(EF8) 3.8 0.5 0.7 0.8 0.28
AP AEBE T ENMR 3.8 0.5 0.7 0.6 0.21
(B7) 4.3 0.5 0.7 0.6 0.21
6 0.2 0.7 0.8 0.112
L 5.9 0.6 0.7 0.8 0.336
(2006) | #EFAF(H ) : : : : '
5.8 0.2 0.7 0.8 0.112
B P& 'THM— TE B 4.4 0.2 0.8 0.8 0.128
R 42 0.6 0.8 0.8 0.384
(2010) e
WRF R 4 0.2 0.8 0.8 0.128
PP | w ERGEE 6 1 0.7 0.7 0.49
(2012) YR 5 1.2 1 0.8 0.8 0.64
o 3.8 0.2 0.7 0.6 0.084
AR R RAR S & T T 06 | 07 | 06 0.252
4 (B H ®) ' ' - ' -
3 0.2 0.7 0.6 0.084
L 5.5 0.2 0.7 0.8 0.112
e b | BARBRAR S T 07 | o8 0.336
(2014) | 2422 E(A T ¥ F) : : : : :
2.9 0.2 0.7 0.8 0.112
o 6.9 0.2 0.7 0.8 0.112
AR MEALRE 5.7 0.6 0.7 0.8 0.336
2 A (e BER) ' ' ' ' '
4.5 0.2 0.7 0.8 0.112
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Figure 6-5.1: The cumulatively weighted distribution for the uplift rate of the Hengchun fault.
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lip rate= 1.6, 5.2, 7.7 mmiyr
RE
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lative Annual Number, log

(Faull Area= 0580 sqr km )
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EHURE case B

har. EQ Mw= 6.4~ 7.0
= 0.695
lip rate= 1.6, 5.2, 7.7 mmiyr

(Fault Area= 470 sqr km)

& Observed fault
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EEUE case C

har. EQ Mw= 6.8~ 7.4
= 0.695
lip rate= 1.6, 5.2, 7.7 mmiyr

& Observed fault
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(Fault Area= 1056 sqr km )
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Figure 6-5.2: The recurrence relationships based on characteristic earthquake distribution for each

rupture case of the Hengchun fault.
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Figure 6-5.3: The summed magnitude - weighting relationship for the whole branches of the Hengchun

fault.
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Figure 6-5.4: The summed recurrence interval - weighting relationship for the whole branches of the

Hengchun fault.
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6-5-3 4 ¥k 18 5325
BEFRLAATE LB RARFFRERG B R A - ap A2

B4 BPT #5385 B %74 A K 3050 2 100 & v 4 85 > |55 97k & (8

- P AR L AIo o F]pt A F 5 F Poisson fEiViE TG o
E!

% 6-54 5% ¥k Poisson ¥l i = 2 B % > A B PER G 7 2021 & 0 B

FAK30E50FZF 100 £ 54 BERO6S 0 2555 11.1%~ 17.6%%

31.1% -

o 654 ATFEFER B AP IR
Table 6-5.4: Earthquake probabilities for the Hengchun fault in this project

Pk R 30 & 8% 50 # 100 & 8 %
BHEM (Mw) Poisson Poisson Poisson
6.5= M =74 11.1% 17.6% 31.1%

M =70 1.6% 2.6% 4.8%
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2. EEUTA 4R X RA B L ORI A K2 B2 2 ma
MBS E T L RIRIL T R o PR BT A R AT R
28R

3. ABIFBINAG LA EEE R S R FHE REPLIFRELA
- HEFE R BT R AT (seismic hazard analysis) it J& 8 o

Bl 4o

BEp Y EARL0E 127

EYC IR S VY A )

AR ETR D ST A TR AL AR EE S TR Y Z % (2012)
kb S RERF F 2021 &

B S v - SCETR B S RO R D PRR TR Y BPT
N(BRFLFEFEFGL ) At - Uk BT L L B2 ¥
4 PR E ¥ Poisson 7 (B H4 F AT AEREFHL)

6. L BATH B L T L R 6B BES R AN R
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ACTIVE FAULT PROBABILITIES OF THE OBJECT AREAS IN SOUTHERN TAIWAN
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Figure 6-6.1: Active fault probabilities of the object area in southern Taiwan.
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Figure 7-1.2: A schema defines the spatial relation of RupD, virtual stations and 3D fault plane.
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oG pHc d FIFATHEFT SR EFEE B B IRGIAM o A T

B * Vs30 $83T % Bkt 2 0 14 Lee and Tsai  (2008) 3% # 2. >4 # B F
(127 @ AL LTO8 Vs30) » a5 b+ #53F fp 3¢ gﬁf—éiiﬂiﬁ%}/\ S

QIS L F G BT 2005 £ R E 257 v osk BRI AR 10T 0 HHE P PR
7 /& 7 5% & 2 B (Suspension PS logging ) # & %% » 2% (SPT-N)° LT08 Vs30
Pl AP R R AE2 230 r F 2 P4 g e NEFH &2 1 Ny
g2 B SS M AR E- BT 3P L A A YT GEO2005 TR A
FLE 19154 ¢ 2 ¢ PERRREN T S 30 2 2 F 3L B E % 7 4885 ¢ 1 4%
G2 o EEZ NEFTH  £5d NEET S R 2 B @I P4 L o}
HRFRE TR E L V30 BB Y2 FRBE2 AU LA Vs30 47
Blo AP RIFTEGTFREA 2 EL R 2ZAPM Y > FT V304 T B E =

PEREG TR (] @ oL ETR B AR 2B LT ) 2 2 B A F Ao 7-1.3 f7or o

363



23.0°

Vs30[m/s]
1700

1500
229' [ 760
620
490
360
228 | 300
240
180

27t 100

Pingtung
22.6°

N Rl

Kaohsiung

225"\

120.0° 120.1° 120.2° 120.3° 120.4° 120.5°

0 km 10 km

B 7-13:Vs30 2 = ik =R Ee® ik 2~ T | -
Figure 7-1.3: The distribution of Vs30 and active faults.
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InPGA =1.0109+F, + ( —1.1634+0.1722 (M,, —6.3)) X
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Figure 7-1.4: Scenario earthquake shaking map of the Hsiaokangshan fault with a site condition of 760
m/s.
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Figure 7-1.5: Scenario earthquake shaking map of the Chekualin fault with a site condition of 760 m/s.
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Figure 7-1.6: Scenario earthquake shaking map of the Chishan fault with a site condition of 760 m/s.
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Figure 7-1.7: Scenario earthquake shaking map of the Hsiaokangshan fault with a specific site condition
correction.
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Figure 7-1.8: Scenario earthquake shaking map of the Chekualin fault with a specific site condition
correction.
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Figure 7-1.9: Scenario earthquake shaking map of the Chishan fault with a specific site condition
correction.
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Figure 7-1.10: Scenario earthquake shaking map of the Hsiaokangshan fault for Qiaotau and Kaohsiung
Science Park, (a) , (b) with a site condition of 760 m/s and (c) , (d) with a specific site condition
correction
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Figure 7-1.11: Scenario earthquake shaking map of the Chekualin fault for Qiaotau and Kaohsiung
Science Park, (a) , (b) withasite condition of 760 m/s and (¢) , (d) with a specific site condition
correction.
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Figure 7-1.12: Scenario earthquake shaking map of the Chishan fault for Qiaotau and Kaohsiung Science
Park, (a) , (b) with asite condition of 760 m/s and (c) , (d) with a specific site condition correction.
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Figure 7-2.1: Scenario coseismic displacement map of the Hsiaokangshan fault.
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Figure 7-2.2: Scenario coseismic displacement map of the Chekualin fault.
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Figure 7-2.3: Scenario coseismic displacement map of the Chishan fault.
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Figure 7-2.6: Scenario coseismic displacement map of the Chekualin fault in Qiaotau Science Park.
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Figure 7-2.6: Scenario coseismic displacement map of the Chishan fault in Qiaotau Science Park.

R ELE D T,

22°51'36" V4 Vi ﬂ
Z 4 d
22°50'24" % v tf

22°49'12" g o= = «

\
\
ﬂ
|
/

SR e s T R
km

e
0 1

120°1312" 120°14'24" 120°15'36" 120°16'48" 120“1|8‘00”

22°48'00"

|
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216

Scenario Coseismic Displacement (cm)
B 729 iF LTk 3 2 8 FHFLEREREHS AT H
Figure 7-2.9: Scenario coseismic displacement map of the Chishan fault in Kaohsiung Science Park.

385



‘g,Aji .

g
1\
2

APFF AR TERLE (1) FEAT A RETHU KRS 7+ £
Zar g RS TRAFERREFH () RFSRAMRFES T s
B E RS A R SRR A RTHA S TR (3) 17 - K

w ?ﬁ«,@ﬂAw’ﬁﬂﬁ E R B i %mﬁMD%dZE%%ﬁlFﬁ
AR RBEE RSB E S > T AEEERES (S Rtk ¥
SHZ FATR UK FBASFE T AT I BB 2 A

ERRE REBEE RS T E
B GNSS @ b FHAIE S 6 » 325 /4 1 2021 # 9 ¢ >4 @ 5 GNSS i
G ST2 2 T AGNSS #d bt R KBTI 5 -2 E2RT 9 K
50k > GNSS ##5b 38 A 2 2 & 798 BLesip| o M R-K BRI % X £ 20 53 A4
BISZ ] iR B AU A2 o A3 E E & B AP SOIR P2k 2 i# B 3k
FooaitE Rk AiERIEd A AT e e HE o BTG RFEL 500
mm/yr o 28 i B HEINA 0 B A HRETA B F 9 5.0 mm/yr sda iR ) L
gk @ B3 % 5.0-10.0 mm/yr SumiEiEF 0 ARl EEFAED 0.0 3 3.0
mm/yr °
BEH ZERS 5T B IE RE 2L LRRR AP FE A W
Shenatal. (1996) % 4v » i B F 2 = 23+ B % F 5 19912 2010 £ 7 @)
RZE 2016 F £k RATHIAZ 3PN EFEF RS RPN LA BREF 2
TRREFILEY ) HLIMLER 2 B R FRARLL AT INAFFA
B AFRETRE B ETRE LR Ll LT R s Rl AR R LT 3 B
g BB A N B A HREE LS 3 B9 4.1 pstrain/yr > 112§ S22 AR 5 4L
B F T 5 79 3.0pustrain/yr o v A E S EREE A BB RR A B2
A2 2R %RARE KB IEF S HEE L E 8 Spstrain/yr 4 5 03
58250 %4 73K RAEIIFIIE AR FL 0 2 BE - w2 kiEL 1.7
pustrain/yre ¥ 0 A FRE LB B IBE S 5 BB SHBRIGE X R
7|0

Tl XA Ry R T FETOFRRPEHRVAUEE X 2P

«

P

# &
Rigz £ Z Tl 2t e A RB AL TR L LAERR T 4

386



FHa Ity R LA EFES AP AR ELETE B N R A
¢ﬁ¢%%‘%m%%~ﬁ%%@i%@yw~ﬁﬁ¢$ua%@%%ﬁiw%
?}‘Jc AR R R E O FLUTA NS H LR 930 22 AT R FE T 55
65°2. FF > RAR| VT it i 8.0-13.5 22 2 F o B AHRETA R BER A RS

Wi

A RE K22 22 0 s el G BOBL 0 S el A 2 BT R M & B Y
L055°-80° > 113 Bl A3 31°=75°/ 5 GRRINA MU LR 2 JER LA B M
P ol M ALETRME X O ST o EE AT 5T 300-70°2 FF 5 SR A INA HE
247 0 EE R B I AL (2000) K E2Z e FA 10 22 5 pd &3 e A w
LAEREWABR (ERI62Z) AR (ERM22) 3K (£AR3022)-
FEUR (ER 1622 ) 89k i & B F 5 60°-80° 44 & T L F ALy 21
SR IER S 1520 28 c S h ¥ A L R EBNA QL 16 22 5 ¥k F 4R 5
B 60°-75°%L % 0 ER Y 152522 o 2 F 0 AP A B A FHERZ AR S
FOEARBITI AN R REE R G AT I K R R R e 4
¥R > BEE T 2 4%+ B2 (Markov chain Monte Carlo » MCMC ) » i
Fh RETR S P LB RREIEF c PRRIF LS ELEE A S Y 3 2 B
H0F4 A w5 59.5925.0°63.2°% 57.1°; & AtRETE A LAY s 2 K B
& A w5 742024205 61.4°% 46.6°; ) H L¥TR 2 V& B L 42.5° ¢ $T R ER
L ELETE A B 6.4 km A S RE 2 M E 0 HA B R R EYE RIVFER
5 122kmo P £ 8.6kmiE 0 A K 14.0kmiF BN FRETR A BB E L g
Al 3 AR B0 42km AUl G RE 2 M E 0 BTE BORIVER N 5 87
km-> ? E3RL P 5 82km: 2 ¥4 52 99km -

B afa @ it 8P 28 A4 & %45 BLOCKS - DEFNODE
103 AR TR 2 AR > 217 8 3% R 022010 £ 7 i E 2016 £ £
EF B AR RS2 2 B R A E RSOOSR RSB E S RE HY > B
SPNA o ABFRIB R AEA Y o TSR SR B A R S e P E T EE
i%“’%ﬁﬂﬁaﬁﬂuﬂ&whﬁﬁ@ﬁﬁ»ﬁw@m FR 2 ims T h

A S BRSBTS 2 AR LR Y URRPE R bz
BEAY 3 AHRMERIVERB K ETL 60 22 F s a KMARBE S 502
PREAHIR BN R AR A E TS E R ETE TR T 2 5%

Koz A RS E 5 12002 & 3 2010 £ 5% ¢ o i VTR 2 o B T 0 A A

—

387



F 5 89 mm/yr EFETA 2 A BT M S E F S 19.0 mmiyr o ] L BT
2 e T IO HASAEE 5 5 183 mm/yr ; 2010 £ % 2016 & 3% ¢ W ETE 2
ST R B S IlAmm/yr 55 8k 2 S BTSSR F 5 109
mm/yr > ] LETR 2 e T 9 S ASEE 5 5 19.9 mm/yr ; 2016 & 2021 & %
P PN ETR 2 S BT BASEE S G 8.5 mm/yr o 2k Uk 2 4 BT 3N
A E 5 5 143 mm/yr > | H L8R 2 4 T 30F BASEE 5 4 21.9 mmlyr -

MR AR WA R B S ST S E S R SR
bt B RRH DA P BV E TR L BRSSO L BT RAR
SR IR L OETR 2 BB ER o A3 E B ¥9 K 33 Poisson R iR R (T
feod & 2021 EAE o RWTE 2 E R R AT IELETA Xk 30 £ 250 £

L

2100 £33 B RAERA 6.5 b 2 3 A w5 1.2%  2.0%% 3.7% ; & 5 He#T
Bk %30 # ~50 #2 100 &5 2 2 BAERB 65 M 255 0.7%  1.2%%
21% ; /} HL#TA A K30 & 50 £ 2 100 £5 4 B RERK6S 1 F 2 %
L 3.1%~4.9%% 8.5%; i METk & k30 & ~50 &£ 2 100 £ 5 4 ¥ RERH6.S5
b2 %5 21% > 3.4%% 6.6% ; B HETE A K30 £ 50 # 2 100 #EF 4
BORAERBC6.5 b2 A s 5 11.1% > 17.6%% 31.1% -
hOETR EEERR APl ERFH LR RS RE SRR
BAE2 GEagH ks RAAMOLT HF2 LT SR pil E
FAGAE S 2 RO R A RE BF A T2k B AR RS
Bl il trAp s B AT AL RR2ZFK B RELERRED LRGIZ

%

>

AN
S
=g

2

o

Yo R A d RRFRBFALATRTER LUAF RRLAF NETEMRL Y WA
R A RPEERF 1520 22k Fhor BIREFRFLEFYE S BIR
B2 fo AL R 20 22w b o H P MR LEE 2 B iR B B
B REHBIAS D LR AT AURT AR HLEEZFREBE R
WETE AR E 706 cm ;s B AHEE Z A X FREECHBE Y 1171 cm 0 FERE
RUF I HEELLHAE ;ﬁuwz@]*m} Al REfLE LI IFLEE L s
BB x B EFE2208cm: a3 & AHREHAEApN o d AR ERFD
%‘$ﬁ%§@%£$?$§ FOA MBI R 2R
0

TSz FER TR o AR \Eﬁﬁéﬁéﬁk%uiﬁi’ﬁ* BRTRGHE

388



HEER R A AEE S ERRGAE S R

, P B TN 1
Bfd o AT 1 T2 e

K o BIRs RE ok B f 2 WO U

!

K
Y
kil
ks
%
s
%
T
b
E
&
=
e

=R

E B~ AL
FeIRRE BB RS RO B L RS R DT A R R R
BA oS ART AR RFREBRELL Y 0 AP R REE (1)

FrPRESEIIE Q) GERRPRCSI2Z LR ] e bhmm

A EAREITY B RN B LR B R RmEL Mg T

)
= 2Z_

TG SRR B RO L R R A

389



Conclusions

The missions of the project are: (1) Analyzing the geodetic data to obtain the 3
dimentional velocity field and calculate the strain rate field. (2) Collecting the surface
deformation regulation related to conventional and high-speed railway simontaneously
to propose the preliminary version of surface deformation level table and the suface
deformation sensitive area map based on the strain rate field. (3) Searching for the
optimized fault geometry using the combination of geological and geodetic data by 2D
model. (4) Estimating the slip deficit rate through 3D fault model inversion and
analyzing the earthquake rupture probability for major faults near the target area in
southern Taiwan. (5) Then we can estimate the scenario ground motions and coseismic
displacements by the GMPE and 3D fault model with optimized fault geometry and
slip deficit rate.

First, for geodetic data, 572 CGNSS stations, 798 SGNSS stations and 30 leveling
routes are processed. The velocity field relative to SO1R of target area were analyzed
and shows that the horizontal velocity of southern Taiwan goes from east to west-south-
west with the value of 50 mm/yr. The vertical velocity reveals that the area near
Chegualin fault is 5.0 mm/yr uplifting and susinding in the vicinity of Hsiaokangshan
fault with 5.0-10.0 mm/yr and 0.0-3.0 mm/yr in the west and east side of the fault
respectively. After Obtaining the surface velocity, we caculated the strain rate field

through both the equation proposed by Shen at al. (1996) and the method of velocity

inversion. According to the strain rate field of 3 time period which are separated by
2010 Jiashien earthquake and 2016 Meinong earthquake, the principle and shear strain
rate mainly distributed in the area between Hsiaokangshan fault and Chihshan fault.
The large second invariant is located at the coastal area near Hsiaokangshan fault and
the area between Chegualin fault and Chihshan fault. And the maximum value in each
period are 4.1 pstrain/yr in southern Chegualin and Chihshan fault, 3.0 pstrain/yr in
Kaohsiung Science park and 3.0 pstrain/yr in Qiaotou Science park. On the other hand,
refer to the active fault category of Cental Geological Suevey and the ground motion
level published by Central Weather Bureau, we tried to classify the suface deformation
level and plot the sensitivity map by the second invariant value. We then proposed the
6 levels table and map through the second invariant distribution and the deformation

regulation related to conventional and high-speed railway to provide not only the civil
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enigeneers but also the citizens a user-friendly deformation sensitivity area map.

For the fault earthquake rupture probability analyzation of southern Taiwan, the
fault parameters of the Chishan fault, Chegualin fault, Hsiaokangshan fault, Chaochou
fault, and Hengchun fault were evaluated based on previous studies. The studies reveals
that Chihshan fault is 30 km long with dip angle as 55°-65° and the depth of 8.0-13.5
km; Chegualin fault is 22 km long, and the dip angles are respectively 55°-80° and 31°-
75° in the southern and nother portion with the similar depth of Chihshan fault;
Hsiaokangshan fault is 9 km long with dip angle as 30°-70°, and the depth might be 10
km based on the decollement depth prosed by Cheng (2020); Chaochou fault is
separated as 16 km, 44 km, 30 km and 16 km long from north to south with dip angle
as 60°-80° and the depth is about 15-20 km; onland Hengchun fault is around 16 km
with dip angle as 60°-75° and the depth is about 15-25 km. Subsequently, the optimal
fault geometry was estimated using the 2D fault model constrained by the
aforementioned geological information, and the slip deficit rates of each fault were
derived through the 3D fault model. The 2D modeling results show that Chihshan fault
is divided into three sections, with dip angles of 59.5°-25.0°, 63.2°, and 57.1°;
Chegualin fault is also divided into three sections, with dip angles of 74.2°-24.2°, 61.4°
and 46.6°, respectively; the dip angle of the Hsiaokangshan fault is 42.5°. As for the
depth of the fault, the northern section of the Chihishan fault turns to lower dip at 6.4
km and the bottom depth turns out to be 12.2 km, the middle section is about 8.6 km
deep, and the northern section is about 14.0 km; the northern section of the Chegualin
fault is similar to the Chihishan fault, which turns to a lower dip angle at about 4.2 km
and the bottom depth of the fault is about 8.7 km, the middle section is 8.2 km, and the
southern section is 9.9 km.

Obtaining the optimized fault feometry, we then estimate the slip deficit rate by 3
different 3D models as BLOCKS ~ DEFNODE and baseline inversion model. Due to

the limitation of some model, we only got the weighted average of slip deficit rate of 3
faults: for Chaozhou fault, the weighted average slip deficit rate is 8.9 mm/yr, 11.4
mm/yr and 8.5 mm/yr in the time period of 2002-2010, 2010-2016 and 2016-2021,
respectively. Hengchun Fault are respectively 19.0 mm/yr, 10.9 mm/yr, and t14.3 in the
time period of 2002-2010, 2010-2016 and 2016-2021. And the weighted average slip
deficit rate of Hsiaokangshan fault, is 8.9 mm/yr, 11.4 mm/yr and 8.5 mm/yr,

respectively.

391



And then, we estimated maximum earthquake magnitude through the empirical
functionm and used the characteristic seismic model to calculate the recurrence interval
of each fault, and then anlayzed the earthquake rupture probability by Probability
Density Function (PDF). The earthquake rupture probability of major faults in this
project are evaluated by Poisson model. Starting from 2021, the ruputure probability
with a seismic moment larger than 6.5 of each fault within 30 years, 50 years and 100
years are as follows: Chihishan fault are 1.2%, 2.0% and 3.7%; Chegualin fault are
0.7%, 1.2% and 2.1%; Hsiaokangshan fault are 3.1%, 4.9% and 8.5%; Chaozhou fault
are 2.1%, 3.4% and 6.6%; and Hengchun fault are 11.1%, 17.6%, and 31.1%,
respectively.

We also proposed the map of scenario ground motion and coseismic displacement
field of the target area to provide the seismic hazard potential and the possible influence
through scientific estimation. Hope it coluld facilitate the delineation of related
geological or disaster sensitive areas, and provide a reference for disaster prevention
planning in target areas. According to the scenario ground motion, we found that the
ground motion of each fault distributed along the fault, and the main impact range is
about 15-20 km. If considering the site effect, the scenario ground motions become
larger than the radius of 20 km. For the scenario coseismic displacement field, it shows
that the coseismic displacement field of Hsiaokangshan fault is concentrated on the east
side of the fault and reaches about 70.6 cm; the maximum coseismic displacement of
the Chegualin fault is about 117.1 cm with left lateral component; the coseismic
displacement field of Chihshan fault is mainly distribued in the southeast side of the
Chihshan fault with the maximum value as 220.8 cm. Furthermore, in the target area of
this project, we can see that the scenario ground motion and coseismic displacements
field of Qiaotou Science Park are more significant due to the cloest location to the 3
major fault in this area.

Over viewing the work which have been done, though we tried to establish the
scenario ground motion and coseismic displacement map based on scientific methods,
the simulation of scenario ground motion and coseismic displacement field has a direct
relationship with the length, strike, dip, and distance of the fault, which means fault the
uncertainties of the fault geometry will contribute to the scenario ground motion and
coseismic displacement map, so the simulated results might have large deviation from
the pratical situation. Therefore, in the future works, we will try to (1) calculate the

coseismic strain field; (2) estimate the reasonable uncerntainties of the coseismic
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displacement field, for estimating and and simulating the damage and losses more

accurately if an earthquake occurs.
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