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Table A : Gantt Chart of expected progress.
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Abstract

We analyze the geodetic data from the island-wide continuous and campaign GPS
network, precise leveling lines and PS-InSAR to provide the surface velocity field in
this project. We also invert the surface velocities to estimate the short-term fault slip
rate, slip rate deficit and optimized fault geometry parameters by adopting the fault
models. By the September of 2020, the daily solutions and time series from 500
continuous GPS stations were calculated to get the interseimic velocity field with
respect to SOIR by removing the coseismic deformation, post-seismic deformation,
periodic motion and unusual data. By the September of 2020, 767 surveyed-mode GPS
stations and 29 leveling routes were re-surveyed. As a result, the velocity field shows a
similar trend with the previous one. In this project, SAR images such as ERS-1/2,
ENVISAT, ALOS and Sentinel-1 are integrated for InSAR time-series analysis as a
method of observation of large-scale surface deformation. The Taipei Basin in the
northern Taiwan region has a relatively small amount of deformation. The main
subsidence areas are located in the Taishan and Wugu areas, while the Taoyuan
Industrial Zone and the western and southern districts of Taichung City have more
partial subsidence. The central area has obvious subsidence in the Changhua coastal
area south of Bagua Mountain and the Yunlin area south of Zhuoshui river. The two
main subsidence areas in the southern Taiwan region are the Jianan area along the coast
and the Pingtung area to the south. The Tainan platform observed the largest uplift
deformation. In this area, obvious velocity discontinuities can be seen mainly across
the Houjiali fault and on both sides of the Qishan fault. In addition, there are obvious
speed discontinuities across the Longchuan Fault and Fengshan Transition Zone. The
results of ALOS analysis in the eastern region show that the northern section crosses
the Lingding fault eastward and there is a clear difference in velocity gradient between
the two sides of the Chishang fault, and there is a clear boundary. To the south shows
that there is also a difference in velocity gradient across the Luye Fault. The results of
Sentinel-1 analysis show that there is a significant northeast and uplift movement
component near the Milun fault. In addition, in the active faults in this area, obvious
velocity discontinuities can be seen mainly on both sides of the Chishang fault and
Luyeh fault. For the fault model constructions, Taiwan active faults were selected as
the target faults. The results show that the weighted average slip deficit rate of Sanchiao

faultis 1.0 mm/yr ~ Hukou faultis 1.1 mm/yr ~ Hsinchu faultis 1.0 mm/yr ~ Hsincheng
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fault is 1.6 mm/yr ~ Shihtan fault is 2.7 mm/yr ~ Sanyi fault is 4.2 mm/yr ~ Tachia-
Changhua (North ) fault is 2.4 mm/yr ~ Tachia-Changhua ( South ) fault is 3.9 mm/yr ~
Tuntzuchiaoi faultis 1.1 mm/yr ~ Chelungpu fault is 5.3 mm/yr ~ Tamaopu-Shuangtung
fault is 1.3 mm/yr ~ Chiuchiungkeng fault is 6.3 mm/yr ~ Meishan fault is 5.2 mm/yr ~
Tachienshan fault is 4.9 mm/yr ~ Muchiliao-Liuchia fault is 4.2 mm/yr ~ Chukou fault
is 6.8 mm/yr ~ Hsinhua fault is 18.9 mm/yr ~ Houchiali fault is 5.9 mm/yr -~ Tsochen
fault is 3.7 mm/yr ~ Hsiaokangshan fault is 5.4 mm/yr ~ Chishan fault is 5.5 mm/yr -

Chaochou fault is 3.2 mm/yr ~ Hengchun fault is 10.1 mm/yr » Milun fault is 7.2 mm/yr ~
Lingding fault is 8.6 mm/yr ~ Ruey fault is 12.1 mm/yr ~ Chimei fault is 12.6 mm/yr ~
Yuli faultis 15.1 mm/yr ~ Chihshang faultis 10.4 mm/yr ~ Luyeh fault is 4.5 mm/yr and

Lichi fault is 6.8 mm/yr. In order to reasonably explain the speed gradient changes in
northeastern Taiwan, this project also includes the northern and southern Yilan
structures into the analysis. The northern Yilan structure is 4.6 mm/yr, the southern

Yilan structure is 3.2 mm/yr.

KEYWORDS: GPS, precise leveling, PS-InSAR, fault model
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Table 1-2.1: Continuous GPS stations set up by the Central Geological Survey.
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GS14 RN 2005/09/13 GS63 *BHE) 2010/09/24
GS15 %, -] 2005/09/13 GS64 2 &R 2010/09/28
GS16 ook 2005/09/13 GS65 A B (2011.7.28 B k) 2010/10/14
GS17 < TR 2005/09/14 GS66 e 2010/09/28
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GS27 | #531 B o 2006/05/31 GS76 FTE R 2012/11/03
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Figure 1-2.1: CGS geodetic network for active fault monitoring, including 86 continuous GPS stations,
773 campaign-mode GPS stations and 42 pricise leveling routes.
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calculated by removing coseismic deformation, post-seismic deformation, periodic motion, and unusual
data by September of 2020.
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Figure 2-2.1: Taiwan crustal deformation monitoring network. Grey circles are campaign-mode GPS
stations; Red circles are continuous GPS stations; Yellow triangles are precise leveling benchmarks; The
yellow star is SO1R continuous GPS station. Red solid lines and blue dashed lines represent the active
faults reposrted by the CGS. The yellow stars in the bottom left figure are the IGS stations used in this

project.
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is the Houchiali fault.
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Figure 2-3.44: Time series comparison between leveling bench mark TN04 and continuous GPS station
CKO1. The distance between two stations are 1.4 km. The left dashed line is the March 4 th 2010 Jiaxian
earthquake, the right two are the Feburary 6th 2016 Meinong earthquake and the Feburary 11th 2017
Meinong earthquake.
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Figure 2-3.45: Elevation change of the Yujing-Xinhua leveling route. Each line in the lower panels is the
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Figure 2-3.46: Time series comparison between leveling bench mark R016 and continuous GPS station
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Figure 2-3.47: Elevation change of the Luzhu-Maolin leveling route. The upper left is the elevation
change, the upper right is the avarege vertical velocity in different time periods. Blue is the vertical
velocity before the Jiaxian earthquake, red is the vertical velocity before the Meinong earthquake, black
is the vertical velocity from 2016 to the present. Each line in the lower panels 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.

67



2-3-5-2 b L I F BRI

Bl % BRI ES ] L ST B L BT R VTR 0 RISE X 36
#2004 & 3 2020 & £ 35 15 50| o Ap|A2 GPS i =k AKND 2 &% & F

=

(2.5 mm/yr) > 1T 5 G4 8k R G526 48 ¥+ GPS iflsk SOIR 2. £ 3 i & (
2-3.48)

FRIE) 2-3.49 0 A PERY A 2 KT o S Y %4 L 2004 £ 30 %
2010 £ 37 ~ 4 52010 #£ 37 3 2016 # 2% ~id 4201627 3 2018

£50 > D @R ARAR] HLETE D ELEE LT P AL F 6t
Mg d 12.5mm/yr T E R A K 3.2mm/yr Fo 2 EE 5 A L ETE TP
METR 2 o et R RIS E g > A Rd 1L.8mm/yr H 4 I 7.5 mm/yr; &
S VEE FR LI EF T AT PSR (DA 1.0mmlyr 2% ) 3F
FRM P EE AR R B A PR ERE S

4 A
2016 # 2 1 £k B S KRR -11.0~250mm 2 F R AR o
HAFE B ARSI kF o R 2015 3 2016 4 2 % 1t & A4t 2 B 5 D Ak
RISUEF > % £9 2 40mm 3 30.0mm 2 B - T 2R L L
&

FRzZHEENE PR T ga B RZPREHBZEE -
AKND - G526
40 r
I I I
I I I
I I I
20 I I I
= I I |
E (s ] I | |
E  glo 2 o e VIR L ey
s o b ;
= I
| h 10 67y
-20 | | |
I I I
I I I
I I I
407 2005 2006 2007 2008 2000 2010 2011 2012 2013 2014 2015 2016 2017 2078 2019 2020

Year
B 2-3.48 1 -k gl G526 22:d Sk AKND 2. pERF 5 5 i > &5 —’F]“#EEE' 0.8 =2 o sAw g
2000 3% 4p 9 in 22 2016&2" 6p FkrR -
Figure 2-3.48: Time series comparison between leveling bench mark G526 and continuous GPS station
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Figure 2-3.49: Elevation change of the Kangshan-Anpo leveling route. The upper left is the elevation
change, the upper right is the avarege vertical velocity in different time periods. Black is the vertical
velocity during Jiaxian earthquake of 2004-2010, blue is the vertical velocity between the Jiaxian
earthquake and Meinong of 2010-2016 , red is the vertical velocity from 2016 until now. Each line in the
lower panels 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 2-3.50: Time series comparison between leveling bench mark GC85 and continuous GPS station
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Figure 2-3.52: Time series comparison between leveling bench mark G670 and continuous GPS station
HENC. The distance between two stations are 0.1 km. The left dashed line is the December 26th 2006
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Figure 2-3.53: Elevation change of the Hengchun-Jialeshuei leveling route. The upper left is the elevation
change, the upper right is the avarege vertical velocity in different time periods. Black is the vertical
velocity before the Hengchun earthquake of 2002-2006, blue is the vertical velocity after the Hengchun
earthquake of 2006-2009 , red is the vertical velocity of 2009-2015,green is the vertical velocity from
2015 to the present. Each line in the lower panels 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 2-3.54: Time series comparison between leveling bench mark Q014 and continuous GPS station
KDNM. The distance between two stations are 0.2 km. The left dashed line is the December 26th 2006
Hengchun earthquake, the middle one is the April 2nd 2010 velocity change event and the right one is
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Figure 2-3.56: Elevation change of the Nanshulin-Eluanbi leveling route. The upper left is the elevation
change, the upper right is the avarege vertical velocity in different time periods. Black is the vertical
velocity before the Hengchun earthquake of 2002-2006, blue is the vertical velocity after the Hengchun
earthquake of 2006-2009 , red is the vertical velocity of 2009-2015,green is the vertical velocity from
2015 to the present. Each line in the lower panels 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 2-3.57: Time series comparison between leveling bench mark G979 and continuous GPS station
TUNM. The distance between two stations are 2.1 km. The left dashed line is the March 6th 2005 Suao
earthquake, the middle one is the December 19th 2009 Hualien earthquake and the right one is the
Feburary 6th 2018 Hualien earthquake.
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Figure 2-3.60: Elevation change of the Guangfu-Toyohama leveling route. The upper left is the elevation
change, the upper right is the avarege 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
0f 2013-2018, black is the vertical velocity from 2018 to the present. Each line in the lower panels 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. RSUF is
Rueyshui fault, CMIF is Chimei fault.
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Figure 2-3.62: Elevation change of the Hongye-Jingpu leveling route. The upper left is the elevation
change, the upper right is the avarege 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. Each
line in the lower panels is the elevation change in every two years, and each scale represents 5 mm.
Vertical dashed lines indicate the location of active faults. X-axis is the distance projected along the fault-
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Figure 2-3.64: Elevation change of the Dongcheng-Fugang leveling route. The upper left is the elevation
change, the upper right is the avarege 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. Each line in the lower panels is the elevation change in every two years, and each
scale represents 5 mm. Vertical dashed lines indicate the location of active faults. X-axis is the distance
projected along the fault-perpendicular profile. LYHF is Luyeh fault, LCIF is Lichi fault.
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Figure 2-4.1: Taipei area GPS horizontal velocity field relative to Penghu Paisha (SO1R) station. The
color ramp represents the horizontal velocity from 2002-2020. The black arrows are campaign-mode
GPS velocity field and the white arrows are continuous GPS velocity field from 2002- 2020.

88



2515
A Uplift

Subsidence

25°00'

12115 121°30 121°45' 122°00'
L B _
=30 =25 =20 -15 -10 -5 0 5 1¢ 15 20 25 30
Uplift rate {mm/yr)

B 2-42: % M3 BARH>YEP S b (S0IR)2Z GPS £33 @ B ¥ = 43,3 v & g fp2 s »
ZEVA AT ERA BT kAT R F oA d kA TR EF 2 A RE

GPS # do 2k mAEI=4 7 GPS it =k o GPS =RELp| B 5 2002-2020 & > # % -k i =5 g pF

B % 2002-2020 & -

F8] 2-4.2: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002 to 2020 in Taipei 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 GPS shows in dark frame; continuous GPS shows in dotted line frame. The duration of
continuous GPS observation is from 2002-2020; while pricise leveling is from 2002-2020.

&9



2-4-2 ¥+ w % GPS LB

AESE S EL RLRE PR RRMTHEFAORTI S KL
%% GPS #5802k 94 Bh o 12 AT R RIS G R] 0 B B0 R
FHBEEEF 2L LT AT oo e 5 Fh o o LT A7
AR e

PR aTE T & BLIRIEE 2 R T B H4o B 2-4.3 477 0 Rt SOIR Bk o
FArAF 2002-2020 EF T A @R O BRFEEARY L 3.6~55
mm/yr (B 2-4.3)

LB REHEACR 244977 00 BETVIRAFT Y LUK THER X HTE A

-~

10.0 mm/yr p o

25°00" Tz

G—10¢3mm/yr

<—— cGPS

24°45°

24°30° o
120°45' 121°00" 121°15' 121°30"
4T >
0 1 2 3 4 5 6 7 8 9 10 11

Horizontal Velocity (mm/yr)
Bl 2-43: 4% 55 RARENEP 0 Wk (SO0IR) 22 GPS kT = ik R H 424 & FF 5 2002~2020
EFRATIEE 2 R F EFER -
Figure 2-4.3: Taoyuan, Hsinchu and Miaoli areas GPS horizontal velocity field relative to Penghu Paisha
(SO1R) station. The color ramp represents the horizontal velocity from 2002~2020

90



2500 Vs~

e

A b
A 15
A 5
2145 M 35

A Uplift
¥ Subsidence

24°30'

-30 -25 -20 -15 -10 -5 0 5
Uplift rate {(mm/yr)

Bl 2-4.4: Fr 5 RApEIT B 5k (SOIR) 2002~2020 & £32 » v BH > = £357 » 4

Fde A RNE 2 A AT ER A ) E kA TR ESF A A AT ERE SRR R
2d Fiedk Tk E S GPS Bk mRFIEL T GPS ik o

Figure 2-4.4: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002 to 2020 in Taoyuan,
Hsinchu and Miaoli 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 GPS shows in dark frame; continuous GPS shows in

dotted line frame.

91



2-4-3 ¢ 3" T GPS BB %

AESH s RARE LY IR RRPTHEFAITRIL T RS LR
+ GPS # #22k 153 B> 12 O Wi R K RIS 2R] 0 ffd B H Rl
FRRESE 2 CLREFAFT oo ¢ MY BRI EFRE S R R SA
*ApFem & o

WAL 30 F GPS #Hdoxb SRR B 5] > 2013 £ 6 7 ML6.5 2 % L3 & -
R AE RZERS T AR Y e RE RS AT LK 2002 -
2020 # A % 2002 - 2013 & 2 2 2013 -2020 £ & @B REEE > A w5 E RS

VOIRE F A BUPIEE 2 KT i B HAcE] 2445 om0 d REF AR AL
R§P T M iEE 0 2004-2013 # & B 9 5 3.8~ 10.9 mm/yr » 2013-2020 & i B K
% 3.4~10.7 mm/yr °
LEERFAH 2460 S B REBWAZ LI EAT AP BRI 50

THE T hnih - ¥ ARE < SuhaR > mEE AR B9 5 bt 35.0mmlyr s g

rR L wRA R4 0 xR B PY 10.0 mm/yr e

92



2430
2

24118

etz

=GP
— sy

2e00y

2345

4 4
0 2 4 & 8 10 12 14 16 18 20 22 24 26 28 30 32 34 3 3@ 40 6 2 4 & B 0 1z 14 f& 18 20 P2 24 26 28 30 32 34 36 3B 40
Horizonlal Velaaily fminsye; Horizonlal Yslogily [ni+néy-)

B 2-4.5: ¢ 3R BARETEP 6 xk (SOIR) 22 GPS KT = w i B3> + B4 5 2004-2013 &
#BRFE T BA T Ris 2013-2020 £ i R o

Figure 2-4.5: Central Taiwan areas GPS horizontal velocity field relative to Penghu Paisha (SOI1R)
station. The left figure is the velocity field from 2004-2013; while the right one is from 2013-2020.

24115
a5

a5

A A5
A 5 A
A A
A Lpiif A plif

¥ Siibsice e ¥ Subsidrne

Bl 2-4.6 1 ¢ 38 FAp ¥ SOIR plabz 4% = réw’;liii? ° :;_ . 7T 2002 2013 & ? BRI + %7
2013-2020:&& BH-oZ 4253 5 dadnd g Ao A TERA ) o BEd kA Tdnd
WEF b d kAR F 2 d HiEL fﬁﬁ%%’}ciﬁ' . GPS ek mREIEL T GPS i ek o
Figure 2—4.6: Vertlcal velocity relative to Penghu Paisha (S01R) station in Central Taiwan. The left figure
is the velocity field from 2004-2013; while the right one is from 2013-2020. 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 GPS shows
in dark frame; continuous GPS shows in dotted line frame.
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Figure 2-4.7: Chiayi, Tainan areas GPS horizontal velocity field relative to Penghu Paisha (SO1R) station.
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Figure 2-4.8: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002 to 2020 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 GPS shows in dark frame; continuous GPS shows in dotted line frame.
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Figure 2-4.9: Kaohsiung and Pingtung areas GPS 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 2016-2020.
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Figure 2-4.10: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002-2010 (Left figure)
and 2010-2016 (Right figure) and 2016-2020 (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 and
campaign-mode GPS shows in dark frame; continuous GPS shows in dotted line frame.
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Figure 2-4.11: Hengchun GPS horizontal velocity field relative to Penghu Paisha (SO1R) station. The top
left figure is the velocity field from 2002~2006 before the Pingtung offshore earthquake; the top right
one is from 2006-2010 after the earthquake; the bottom left is from 2010-2015; the bottom right is from

2015-2020.
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Figure 2-4.13: Vertical velocity relative to Penghu Paisha (S01R) station from 2002-2020 in Hengchun
area. The top left figure is the velocity field from 2002-2006 before the Pingtung offshore earthquake;
the top right one is from 2006-2010 after the earthquake; the bottom left is from 2011~2016; the bottom
right is from 2017-2020. 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 GPS shows in dark frame; continuous GPS shows in
dotted line frame.
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Figure 2-4.14: Eastern areas GPS horizontal velocity field relative to Penghu Paisha (SO1R) station. The
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105



24°00'
2345
23°30
A 5
A 5
A >
A =
2315
A Uplift
¥ Subsidence
23°00 km
——————
0 10
22°45'
it
~4
il

121°00° 121718 121730

-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30
Vertical Velocity (mm/yr)

B 2-4.15: 5 d 3 Rt Em s b (SOIR) £38 = % id B H - B4 7 2002~2020 & & & 3 »
A e At AR 2 E A AR RN o kA TAEE S A LA
#F o 2d Bt aH R KE GPS# I BAEIEA T GPS @ ko

Figure 2-4.15: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002 to 2020 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 GPS shows in dark frame; continuous GPS shows in dotted line frame.
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Figure 2-5.1: Taiwan horizontal velocity relative to Penghu Paisha (SO1R) station.
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Figure 2-5.2: Vertical velocities relative to Penghu Paisha (SO1R) station in Taiwan from 2002 to 2020.
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Figure 3-1.1: Slant range displacement rate of the processed PSs (mm/yr) of ERS (1996/1-1999/7)
(Track=232, Frames=3123). Shortening in slant range direction (rate in positive with warm colors)
represents land uplift and elongation in slant range direction (rate in negative with cold colors) represents
land subsidence. Reference point is continuous GPS station SANI. Color-coded triangles and inverse
triangles represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangles
represent land uplift; while inverse triangles represent land subsidence. Arrow represents velocity
direction of horizontal velocity field referencing to reference point.
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Figure 3-1.2: Slant range displacement rate of the processed PSs (mm/yr) of ENVISAT (2007/6-2008/6)
(Track=232, Frames=3123). Shortening in slant range direction (rate in positive with warm colors)
represents land uplift and elongation in slant range direction (rate in negative with cold colors) represents
land subsidence. Reference point is continuous GPS station SANI. Color-coded triangles and inverse
triangles represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangles
represent land uplift; while inverse triangles represent land subsidence. Arrow represents velocity
direction of horizontal velocity field referencing to reference point.
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3-1-1-3 ALOS (2006/12-2011/2)
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Figure 3-1.3: Slant range displacement rate of the processed PSs (mm/yr) of ALOS (2006/12-2011/2)
(Track=446, Frames=460&470). Shortening in slant range direction (rate in positive with warm colors)
represents land uplift and elongation in slant range direction (rate in negative with cold colors) represents
land subsidence. Reference point is continuous GPS station GS37. Color-coded triangles and inverse
triangles represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangles
represent land uplift; while inverse triangles represent land subsidence. Arrow represents velocity
direction of horizontal velocity field referencing to reference point.

120



3-1-1-4 Sentinel-1A (2015/3-2016/2)
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Figure 3-1.4: Slant range displacement rate of the processed PSs (mm/yr) of Sentinel-1A descending
images (2015/3-2016/2). Shortening in slant range direction (rate in positive with warm colors)
represents land uplift and eastward motion while elongation in slant range direction (rate in negative with
cold colors) represents land subsidence and westward mtion.
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Figure 3-1.5: PS-InSAR time series points used in central Taiwan.
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Figure 3-1.6: PS-InSAR time series of profile C1, (left) west side of Changhua fault; (right) east side of
Changhua fault. (The locations are shown in Figure 3-1.5 with green boxes 1~2)
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Figure 3-1.7: PS-InSAR time series of profile C2, (left) west side of Chelungpu fault; (middle) east side
of Chelungpu fault and west side of Tamaopu-Shuangtung fault; (right) east side of Tamaopu-Shuangtung
fault. (The locations are shown in Figure 3-1.5 with the green boxes 3~5)
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F igure 3-1.8: PS-InSAR time series of profile C3, (top left) west side of Changhua fault; (top right) east

side of Changhua fault and west side of Chelongpu fault in south profile; (bottom left) east side of

Chelungpu fault in south profile and west side of Tamaopu-Shuangtung fault; (lower right) east side of

Tamaopu-Shuangtung fault. (The locations are shown in Figure 3-1.5 with the green boxes 6~9)
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Figure 3-1.9: PS-InSAR time series of profile C4, (left) north side of Meishan fault; (right) south side of
Meishan fault and west side of Chiuchiungkeng fault. (The locations are shown in Figure 3-1.5 with the
green boxes 10~11)
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Figure 3-1.10: PS-InSAR time series of profile C5, (left) east side of Chiuchiungkeng fault and west side

of Tachienshan fault; (right) east side of Tachienshan fault. (The locations are shown in Figure 3-1.5 with
the green boxes 12~13)
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Figure 3-2.1: Slant range displacement rate of the processed PSs (mm/yr) of ERS (1996/1~1999/7)
(Track=461, Frame=3105). Shortening in slant range direction (rate in positive with warm colors)
represents land uplift and elongation in slant range direction (rate in negative with cold colors) represents
land subsidence. Reference point is continuous GPS station YMSM. Color-coded triangles and inverse
triangles represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangles
represents land uplift; while inverse triangles represents land subsidence. Arrow represents velocity
direction of horizontal velocity field referencing to reference point.
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Figure 3-2.2: Slant range displacement rate of the processed PSs (mm/yr) of ENVISAT (2004/3~2008/6)
(Track=461, Frames=3105). Shortening in slant range direction (rate in positive with warm colors)
represents land uplift and elongation in slant range direction (rate in negative with cold colors) represents
land subsidence. Reference point is continuous GPS station YMSM. Color-coded triangles and inverse
triangles represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangles
represent land uplift; while inverse triangles represent land subsidence. Arrow represents velocity
direction of horizontal velocity field referencing to reference point.
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Figure 3-2.3: Slant range displacement rate of the processed PSs (mm/yr) of ALOS (2007/1~2011/3)
(Track=444,445&446). Shortening in slant range direction (rate in positive with warm colors) represents
land uplift and elongation in slant range direction (rate in negative with cold colors) represents land
subsidence. Reference point is continuous GPS station YMSM. Color-coded triangles and inverse
triangles represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangles
represent land uplift; while inverse triangles represent land subsidence. Arrow represents velocity
direction of horizontal velocity field referencing to reference point.
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3-2-1-4 Sentinel-1 (2015/4~2018/8)
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Figure 3-2.4: Slant range displacement rate of the processed PSs (mm/yr) of Sentinel-1 ascending images
(2015/4~2018/8). Shortening in slant range direction (rate in positive with warm colors) represents land
uplift and elongation in slant range direction (rate in negative with cold colors) represents land
subsidence. Reference point is continuous GPS station YMSM. Color-coded triangles and inverse
triangles represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangles
represent land uplift; while inverse triangles represent land subsidence. Arrow represents velocity
direction of horizontal velocity field referencing to reference point.
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Figure 3-2.5: Slant range displacement rate of the processed PSs (mm/yr) of Sentinel-1 descending

represents land uplift and eastward motion while elongation in slant range direction (rate in negative with
cold colors) represents land subsidence and westward mtion. Reference point is continuous GPS station

YMSM. Color-coded triangles and inverse triangles represent projection of 3D GPS velocity to LOS

direction towards to satellite. Triangles represent land uplift; while inverse triangles represent land
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Figure 3-2.7: PSInSAR time series during the period of Sentinel-1 (2015/4~2018/8), (left) west side of
Hukou fault; (right) east side of Hukou fault.
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Figure 3-2.6: PSInSAR time series during the period of ERS (1996/1~1999/7), (left) west side of Hukou
fault; (right) east side of Hukou fault.
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Figure 3-2.8: PSInSAR time series during the period of ERS (1996/1~1999/7), (left) west side of Hsinchu
fault; (right) east side of Hsinchu fault.
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Figure 3-2.9: PSInSAR time series during the period of Sentinel-1 (2015/4~2018/8), (left) west side of
Hsinchu fault; (right) east side of Hsinchu fault.
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Figure 3-2.10: PSInSAR time series during the period of ERS (1996/1~1999/7), (left) west side of
Hsincheng fault; (right) east side of Hsincheng fault.
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Figure 3-2.11: PSInSAR time series during the period of Sentinel-1 (2015/4~2018/8), (left) west side of
Hsincheng fault; (right) east side of Hsincheng fault.
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Figure 3-2.12: PSInSAR time series during the period of Sentinel-1 (2015/4~2018/8), (left) west side of
the Tuntzuchiao fault; (right) east side of Tuntzuchiao fault.
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Figure 3-3.1: Slant range displacement rate of the processed PSs (mm/yr) of ERS (1995/4~1999/9)
(Track=232, Frames=3141&3159; Track=461, Frame=3159). Shortening in slant range direction (rate in
positive with warm colors) represents land uplift and elongation in slant range direction (rate in negative
with cold colors) represents land subsidence. Reference point is continuous GPS station SO11. Color-
coded triangles and inverse triangles represent projection of 3D GPS velocity to LOS direction towards
to satellite. Triangles represents land uplift; while inverse triangles represents land subsidence. Arrow
represents velocity direction of horizontal velocity field referencing to reference point.
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Figure 3-3.2: Slant range displacement rate of the processed PSs (mm/yr) of ENVISAT (2004/6~2008/9)
(Track=232, Frames=3141&3159; Track=461, Frame=3159). Shortening in slant range direction (rate in
positive with warm colors) represents land uplift and elongation in slant range direction (rate in negative
with cold colors) represents land subsidence. Reference point is continuous GPS station SO11. Color-
coded triangles and inverse triangles represent projection of 3D GPS velocity to LOS direction towards
to satellite. Triangles represents land uplift; while inverse triangles represents land subsidence. Arrow
represents velocity direction of horizontal velocity field referencing to reference point.
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Figure 3-3.3: Slant range displacement rate of the processed PSs (mm/yr) of ALOS (2007/1~2011/3)
(Track=447, Frames=430, 440&450; Track=446, Frames=430&440). Shortening in slant range direction
(rate in positive with warm colors) represents land uplift and elongation in slant range direction (rate in
negative with cold colors) represents land subsidence. Reference point is continuous GPS station S011.
Color-coded triangles and inverse triangles represent projection of 3D GPS velocity to LOS direction
towards to satellite. Triangles represents land uplift; while inverse triangles represents land subsidence.
Arrow represents velocity direction of horizontal velocity field referencing to reference point.
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Figure 3-3.4: Slant range displacement rate of the processed PSs (mm/yr) of Sentinel-1 ascending images
(2015/10~2019/9). Shortening in slant range direction (rate in positive with warm colors) represents land
uplift and elongation in slant range direction (rate in negative with cold colors) represents land
subsidence. Reference point is continuous GPS station S011. Color-coded triangles and inverse triangles
represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangles represents land
uplift; while inverse triangles represents land subsidence. Arrow represents velocity direction of
horizontal velocity field referencing to reference point.
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Figure 3-3.5: Slant range displacement rate of the processed PSs (mm/yr) of Sentinel-1 descending
images (2015/4~2019/9). Shortening in slant range direction (rate in positive with warm colors)
represents land uplift and elongation in slant range direction (rate in negative with cold colors) represents
land subsidence. Reference point is SO11, continuous GPS station. Color-coded triangles and inverse
triangles represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangles
represents land uplift; while inverse triangles represents land subsidence. Arrow represents velocity
direction of horizontal velocity field referencing to reference point.
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Figure 3-3.6: 2.5-dimension velocity field (E-W direction) converted from ascending and descending

interferograms (warm color represents eastward; cold color represents westward). The symbol arrows

present the GPS horizontal velocity.

149



23°36'

23°24'

4
P

”
S

23°12'

23°00'

|
|
|
e ]
|
|
|

22°36'

22°24'

22°12'

- 30 2010 0 10 20 30
22°00 N R

U component{mm/yr)
J— — p— }
120°00° 120°12" 120°24° 120°36' 120°48'" 121°00'

|

B 3-3.7 : Sentinel-1 #-3 = v & T30 HE (= mm/yr)e 85d s = &£ 3518 £ £ 5352
A kiEz AR AR A RATE 2 4258 GPS RIHEE S R S o

Figure 3-3.7: 2.5 dimension velocity field (vertical direction) converted from ascending and descending
interferograms (warm color triangle represents uplift; cold color inverse triangle represents subsidence).
Triangles and inverse triangles represent the vertical velocity field.
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Figure 3-3.8: The comparison between PSInSAR and time series of GPS station S106 during Sentinel-1

period (asc: 2015/10~2019/9; des: 2015/4~2019/9). Green point, blue point and red point represent three

directions of time series of GPS respectively. Black point represents transferred GPS velocity from 3D

to LOS direction. Yellow square represents time series of PS-InSAR.
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Figure3-3.9: The comparison between PSInSAR and time series of GPS station LNCH during Sentinel-
1 period (asc: 2015/10~2019/9; des: 2015/4~2019/9). Green point, blue point and red point represent
three directions of time series of GPS respectively. Black point represents transferred GPS velocity from
3D to LOS direction. Yellow square represents time series of PS-InSAR.
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Figure 3-3.10: Comparison between PSInSAR and time series at GPS station GS42 relative to GPS
station GS43 during Sentinel-1 period (asc: 2015/10~2019/9; des: 2015/4~2019/9). Green point, blue
point and red point represent three directions of time series of GPS respectively. Black point represents
transferred GPS velocity from 3D to LOS direction. Yellow square represents time series of PS-InSAR.
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Figure3-3.11: The comparison between PSInSAR and time series at GPS station S106 relative to GPS
station GS29 during Sentinel-1 period (asc: 2015/10~2019/9; des: 2015/4~2019/9). Green point, blue
point and red point represent three directions of time series of GPS respectively. Black point represents
transferred GPS velocity from 3D to LOS direction. Yellow square represents time series of PS-InSAR.
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Figure3-3.12: The comparison between PSInSAR and time series at GPS station GS31 relative to GPS

station GS30 during Sentinel-1 period (asc: 2015/10~2019/9; des: 2015/4~2019/9). Green point, blue

point and red point represent three directions of time series of GPS respectively. Black point represents

transferred GPS velocity from 3D to LOS direction. Yellow square represents time series of PS-InSAR.

155



3-3-2-4 g7k

1395 B 3-3.13GPS 2 Gk R 7] % % Bor o L ETE L R GPS Bl LIKN

RII
3

pogtac @ ] AKND »t 2 k0 RPFE R A4 [ 3 peniT s o R R gD

CRPFINERFGARFL > v PRI PE D AL BB FRETY
23 A8 SRR KB RE 0 F AR BERP LR LE -
T
- 20 i -
= o
E
= of -
5
Z 2 _
2015 20155 2016 20165 2017 20175 20113 20185
20—
=i i
_E'-ZO*
E -40 |~ S - ¢
B 'jg | i S _‘,__m-: RO o o e rparm oS S
2015 20155 2016 20165 2017 20175

2015 20155 2018 20165 2017 20175 2018

Ascending

2015 20155 2018 20165 2017 20175 2018

E 100
E

Descending
(
8
T

20175 2018 20185 2019 20195
Time(year)

[8] 3-3.13: Sentinel-1( asc: 2015/10~2019/9; des: 2015/4~2019/9 )p #p GPS ip] = LIKN 4p ¥+~ AKND
2 H % B 500 % X AFTHEETIOEFES] - %F s Fd 2 d S GPSZ e BERAES; B4

» GPSHEIMRHFE > % o § ¢ > 3|5 PSInSAR ¥ /& 71 o

Figure 3-3.13: Comparison between PSInSAR and time series at GPS station LIKN relative to GPS
station AKND during Sentinel-1 period (asc: 2015/10~2019/9; des: 2015/4~2019/9). Green point, blue
point and red point represent three directions of time series of GPS respectively. Black point represents
transferred GPS velocity from 3D to LOS direction. Yellow square represents time series of PS-InSAR.
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Figure 3-4.1: Slant range displacement rate of the processed PSs (mm/yr) of ERS (1995/6~1999/9)
(Track=461, Frames=3123&3141). Shortening in slant range direction (rate in positive with warm colors)
represents land uplift and elongation in slant range direction (rate in negative with cold colors) represents
land subsidence. Reference point is continuous GPS station FLNM. Color-coded triangles and inverse
triangles represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangles
represent land uplift; while inverse triangles represent land subsidence. Arrow represents velocity
direction of horizontal velocity field referencing to reference point.

158



3-4-1-2 ENVISAT (2006/3~2009/6)

B 3-4.2 ¥ 5 ENVISAT k% 8 i et & (2006/3~2009/6 ) JE 17 ek 4 4%
LB ARGEE B e L hE TR E R oG RTBE S E L R UK LG P D
RV ARLE ERRE R AR LEEH T T RS L AR EE
wiRE bl st e LB FEE T RPERFL S R TDERPR L
BooYiSmmlyre Fa algiEs VAT AP EOR RPRLE > T TSR
PP NG 9KR M AERFHFLEESIEA G o

159



24°12' {7

24°00

23°48'

23°36'

23°24'

2312

23°00"

22°48'

Mean LOS Velocity(mm/yr)

—
40 mml/yr

22°36'

121°00" 121°12 121°24' 121°36'

[#] 3-4.2 1 ENVISAT (2006/3~2009/6 ) f# % #uig (Track ) 461 » ity S5 (Frame) 3123 ~ 3141 4R
i3t ETH086E (He mmyr)esd A&k 280 FE Y » R 47 R4
BOARARELE S w i 585 F GPS R FLNM > = £, 5 f b pFY GPS 5= &
P RRBIARGE S o S LT LD v B X0 T At B S KT R
HETEGER S v o

Figure 3-4.2: Slant range displacement rate of the processed PSs (mm/yr) of ENVISAT (2006/3~2009/6)
(Track=461, Frames=3123&3141). Shortening in slant range direction (rate in positive with warm colors)
represents land uplift and elongation in slant range direction (rate in negative with cold colors) represents
land subsidence. Reference point is continuous GPS station FLNM. Color-coded triangles and inverse
triangles represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangles
represent land uplift; while inverse triangles represent land subsidence. Arrow represents velocity
direction of horizontal velocity field referencing to reference point.
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Figure 3-4.3: Slant range displacement rate of the processed PSs (mm/yr) of ALOS (2007/1~2010/12)
(Track=444, Frames=460&470; Track=445, Frames=440&450). Shortening in slant range direction (rate
in positive with warm colors) represents land uplift and elongation in slant range direction (rate in
negative with cold colors) represents land subsidence. Reference point is continuous GPS station FLNM.
Color-coded triangles and inverse triangles represent projection of 3D GPS velocity to LOS direction
towards to satellite. Triangles represent land uplift; while inverse triangles represent land subsidence.
Arrow represents velocity direction of horizontal velocity field referencing to reference point.
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Figure 3-4.4: Sentinel-1 AOI in this project that contains 3 ascending images in orbit number 69 and 2
descending images in orbit number 105.
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Figure 3-4.5: Sentinel-1 ascending interferogram of 20191231-20200312 and descending interferogram
0f20191115-20200126.
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Figure 3-4.6: Sentinel-1 interferograms covered in AOI of this project. We use the inteferograms marked

with green circles and exclude those with red crosses.
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Figure 3-4.7: Abnormal fringe observed in short-term temporal baseline in Central Range area.
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Figure 3-4.8: Slant range displacement rate of the processed PSs (mm/yr) of Sentinel-1 ascending images
(2015/04~2020/10). Shortening in slant range direction (rate in positive with warm colors) represents
land uplift and elongation in slant range direction (rate in negative with cold colors) represents land
subsidence. Reference point is continuous GPS station FLNM. Color-coded triangles and inverse
triangles represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangles
represent land uplift; while inverse triangles represent land subsidence. Arrow represents velocity
direction of horizontal velocity field referencing to reference point.
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Figure 3-4.9: Slant range displacement rate of the processed PSs (mm/yr) of Sentinel-1 descending
images (2015/04~2020/10). Shortening in slant range direction (rate in positive with warm colors)
represents land uplift and eastward motion while elongation in slant range direction (rate in negative with
cold colors) represents land subsidence and westward mtion. Reference point is continuous GPS station
FLNM. Color-coded triangles and inverse triangles represent projection of 3D GPS velocity to LOS
direction towards to satellite. Triangles represent land uplift; while inverse triangles represent land
subsidence. Arrow represents velocity direction of horizontal velocity field referencing to reference
point.
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Figure 3-4.10: Correlation between deformation along the LOS directin from PSs of Sentinel-1 images
and continuous GPS stations.
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Figure 3-4.11: Mean LOS velocity profile from PSs of assending and descending orbits. Locations of
profiles are shown in Figures 3-1.8 and 3-1.9. Green triangles represent LOS velocity in ascending oribit
while red triangle represent LOS velocity in descending orbit.
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Figure 3-4.11 (Cont.): Mean LOS velocity profile from PSs of assending and descending orbits.
Locations of profiles are shown in Figures 3-1.8 and 3-1.9. Green triangles represent LOS velocity in
ascending oribit while red triangle represent LOS velocity in descending orbit.
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Figure 3-4.12: 2.5-dimension velocity field (E-W direction) converted from ascending and descending
interferograms (warm color represents eastward; cold color represents westward). The symbol arrows

present the GPS horizontal velocity.
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Figure 3-4.13: 2.5 dimension velocity field (vertical direction) converted from ascending and descending
interferograms (warm color triangle represents uplift; cold color inverse triangle represents subsidence).

Triangles and inverse triangles represent the vertical velocity field.
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Figure 3-4.14: Comparison between Sentinel-1 PS-InSAR and time series of GPS. Green point, blue
point and red point represent three directions of time series of GPS in north, east and vertical direction
respectively. Black point represents 3D GPS velocity projected to LOS direction. Red circles represent
time series of PS-InSAR. Locations of GPS stations shown in Figures 3-1.8 and 3-1.9.
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Figure 3-4.14 (Cont.) C Comparison between Sentinel-1 PS-InSAR and time series of GPS. Green point,
blue point and red point represent three directions of time series of GPS in north, east and vertical
direction respectively. Black point represents 3D GPS velocity projected to LOS direction. Red circles
represent time series of PS-InSAR. Locations of GPS stations shown in Figures 3-1.8 and 3-1.9.
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Figure 3-4.14 (Cont.) C Comparison between Sentinel-1 PS-InSAR and time series of GPS. Green point,
blue point and red point represent three directions of time series of GPS in north, east and vertical
direction respectively. Black point represents 3D GPS velocity projected to LOS direction. Red circles
represent time series of PS-InSAR. Locations of GPS stations shown in Figures 3-1.8 and 3-1.9.
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Figure 3-4.14 (Cont.) C Comparison between Sentinel-1 PS-InSAR and time series of GPS. Green point,
blue point and red point represent three directions of time series of GPS in north, east and vertical
direction respectively. Black point represents 3D GPS velocity projected to LOS direction. Red circles
represent time series of PS-InSAR. Locations of GPS stations shown in Figures 3-1.8 and 3-1.9.
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Figure 3-4.15: Comparison between PSInSAR and time series at GPS station SHUL relative to GPS
station SLIN during Sentinel-1 period (asc: 2015/10~2020/10; des: 2015/4~2020/10). Green point, blue
point and red point represent three directions of time series of GPS respectively. Black point represents
transferred GPS velocity from 3D to LOS direction. Yellow square represents time series of PS-InSAR.
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Figure 3-4.16: Comparison between PSInSAR and time series at GPS station JPEI relative to GPS station
HYRS during Sentinel-1 period (asc: 2015/10~2020/10; des: 2015/4~2020/10). Green point, blue point
and red point represent three directions of time series of GPS respectively. Black point represents
transferred GPS velocity from 3D to LOS direction. Yellow square represents time series of PS-InSAR.
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Figure 3-4.18: Comparison between PSInSAR and time series at GPS station TAPO relative to GPS
station SHAN during Sentinel-1 period (asc: 2015/10~2020/10; des: 2015/4~2020/10). Green point, blue
point and red point represent three directions of time series of GPS respectively. Black point represents
transferred GPS velocity from 3D to LOS direction. Yellow square represents time series of PS-InSAR.
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Figure 3-4.19: Comparison between PSInSAR and time series at GPS station LONT relative to GPS
station S105 during Sentinel-1 period (asc: 2015/10~2020/10; des: 2015/4~2020/10). Green point, blue
point and red point represent three directions of time series of GPS respectively. Black point represents
transferred GPS velocity from 3D to LOS direction. Yellow square represents time series of PS-InSAR.
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Table 4-1.1: Geometry parameters of active faults in Taiwan.

¥R LA & (degree) | ®7rk AR¥IvEAR (km)
1 L e A 70.0 0.0—9.0
2 e ek 60.0 0.0—7.0
3 Frpyray 50.0 0.0—10.0
4 Py 40.0 0.0—10.0
5 Ty 50.0 0.0—8.0
6 Z RER 25.0 0.0—9.0
B 25.0 0.0—6.0
/ TEEEE g 25.0 0.0—75
8 T 75.0 0.0—13.0
9 TR, 35.0 0.0—8.0
10 ST TR 50.0 0.0—5.0
11 1 3 e R 25.0 0.0—7.0
12 1 L TR 80.0 0.0—125
13 ok LETR 325 0.0—65
14 A - 7 ek 45.0 0.0—6.0
15 e 45.0 0.0—7.0
16 T 8T A 80.0 0.0—12.5
17 T 40.0 0.0—4.0
18 TR 70.0 0.0—10.0
19 | L ek 45.0 0.0—10.0
20 Ry 60.0 0.0—13.0
21 BN e R 60.0 0.0—17.5
22 B4 67k 75.0 0.0—20.0
23 A B ek 65.0 E 0.0—10.0
24 R TR 65.0 E 0.0—27.5
25 T AT A 65.0 E 0.0—27.5
26 B 80.0 E 0.0—25.0
27 187k 51.0F 0.0—10.0
L w 60.0 E 0.0—20.0
28 2 RR 250 E 20.0—25.0
] 30.0 E 0.0-5.0
29 BT BT R TR EA
’ 55.0 F 0.0—22.0
2 T &k 40.0 E 22.0-275
" 382 G AR [ A3 60.0 0.0—9.4
@ 3 30 60.0 0.0—113
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Figure 4-1.1: Depth section of the rock pan in the northern half of the Taipei Basin.
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Figure 4-1.4: Structural section from Hukou anticline to Guanyin drilling.
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Figure 4-1.5: Geological section of the Hukou fault. (A) A large area section, including the obvious
anticline structure of the hanging wall of the Hukou fault. (B) Near-fault and shallow near-surface fault-

related deformation structure sections.

191



HUKOU-YANGMEI ANTICLINE

Lateritic terrace deposits HK -4

N9 5°W

B e
Sea Level f——— 2o% corndoo! 4 R SN, Sea Level

-3000m

YANGMEI THRUST

~6000m ~6000m
by J. Suppe, Princeton University, 24 January 1979

Bl 4-1.6 : i@ v 8 ¥ A ehe F 215 (Suppe and Namson, 1979) -
Figure 4-1.6: Geological section across Hukou-Yangmei anticline.
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Figure 4-1.7: Geological structure section across Hukou-Yangmei anticline.
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Figure 4-1.8: Structural sections of Qingcaohu and Baoshan anticlines in Hsinchu. The red line on the
left is the Hsinchu Fault, and the right is the Hsincheng Fault.
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Figure 4-1.9: Geological structure and seismic activity distribution profile in Hsinchu area. HCUF stands
for Hsinchu Fault and HCEF stands for Xincheng Fault.
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Figure 4-1.10: Earthquake location results in Hsinchu area.

194



Hife HEER 73-PS-D2  sE

- ‘STPJ msa

s TR M‘?u\q iz

25
i

Bl4-111: 7 3@ F AL ATH 8 FAORPIIG o ZRF LABHZATHER » + Rl 284
Pl E R %7k (Yangetal, 1996) °

Figure 4-1.11: CNPC's oil and gas exploration survey was conducted on the seismic profile in the
Hsinchu area. The surface rupture on the left is the Hsinchu Fault, and the surface rupture on the right is
the Hsincheng Fault.

- oyt b Prwtes b e

Bl 4-1.12: 377 -9 & » % 4
1984 ) -

Figure 4-1.12: Structural section of the northern part of Hsinchu-Miaoli area The red line on the left is
the Hsinchu fault, and the red line on the right is the Hsincheng fault.
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Figure 4-1.13: Geological balance section across the Hsinchu area.
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Figure 4-1.14: Finite Element Model of Shihtan Fault.
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Figure 4-1.15: Geological balance section of northwestern Taiwan.
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Figure 4-1.16: Records of aftershocks of the Hsinchu-Taichung earthquake in 1935 and catalogues of
earthquakes from 1973 to 2003.

24° 18N

197



4-1-5 = ¥R
B B3 e }I%t’ (ER &% > 1962 ; Lin et al. » 1989 ; Hung and Wiltschko »
1993 ; F @ % 4 >2004; 2% >2009) = £EE 3 = 7 v BP0 o
o BETE S PRI EEE(1962)d BRI ATEE > H S S = R4
K ¥ & % 20 & > & Hung and Wiltschko (1993) o ¢ j 4 2 & st R p| F4l4e
FT R AT E R N20 B - R FREMO4519 22 o k- BEE S PR
% Linetal. (1989) M A Filufasr T RS ET > B GWEFRYE 9
2SR5 R (B 4-1.17) $= Bk SR 5223 (2009) 2 Zipl
Fle > HED30 RciE s (B 4-1.18) F¢h> 5@ sE 4 (2004) che B3k
Line9»» &7 4= %k Th2 T#;g#r/@:’ = RUTR B ow s AG  gTE
T2 kg F e 0 B 3lG Line 10 2 & B3 d Line 11 P& & 4 5 &7k 2
Rl 8T et TEZE TS d By TIER e T GETE M4
HE30R P FRHI AL (H4-1.19)-
¢ B ARARAL Y BERE T AT DS R  FR I N2 A 2S
EFRAEE P e S BE TR EZ AWA 2 SRR > FE Y

w
|

>
>
Iy
e
R
=
e
R
&)
o

198



B 4-1.17 2 Z-F ¥ F"HARRL AT 25 = &%k 2 =% (Linetal, 1989) -
Figure 4-1.17: The distribution of the epicenters of microseisms in the Sanyi-Zuolan area. The red line
is the location of the Sanyi Fault.
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Figure 4-1.18: Location map and seismic profile of related seismic survey lines along the Sanyi fault
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Figure 4-1.19: Geological balance section on the north side of the Sanyi fault and Chelungpu fault.
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Figure 4-1.20: The central structure model derived from the interseismic and coseismic displacements of
the Chi-Chi earthquake. The black dotted line on the far left of the figure is the Dajia-Changhua fault,
the red line is the Chelungpu fault, and the black solid line to the east is the Tamaopu-Shuangtung fault.
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Figure 4-1.21: A fault model derived from the main shock and surface rupture of the Chi-Chi earthquake.
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Figure 4-1.22: Seismic section of the central part and its structural interpretation. The pink line on the
far left is the Chelungpu Fault, and the pink line on the far right is the Shuangtung Fault.
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Figure 4-1.23: Geometry of the central fault derived from the data of Ci-Ci earthquake sequence and the
fault plane solution.
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Figure 4-1.24: The geometry of the central structure derived from drilling, gravity, seismic data and thin-
skin structure models.
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Figure 4-1.25: Location map and seismic profile of the seismic survey line crossing the Tuntzuchiao
fault. From the LineA tz seismic profile, it can be seen that the Tuntzuchiao fault is a flowering structure.
The black line in the LineD _tz seismic profile is the Sanyi fault. The Tuntzuchiao fault develops under
it and changes its stratigraphic dip.
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Figure 4-1.26: Profile distribution and Vp velocity tomographic images of earthquakes and focal
mechanisms in Miaoli-Taichung area. CHF is the Changhua fault, TCSF is the Tachienshan fault, and
TTCEF is the Tuntzuchiao fault.
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Figure 4-1.27: Geological structural section across the Chiuchiungkeng fault and Tiehchanshan fault.
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Figure 4-1.28: Geological balance section across the Chiuchiungkeng fault and Tiehchanshan fault.
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Figure 4-1.29: The regional geological structure section and source distribution across the

Chiuchiungkeng Fault and Tiehchanshan Fault. CCKF is the Chiuchiungkeng fault, TCSF is the
Tiehchanshan fault, and LKF is the Luku fault.
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Figure 4-1.30: A geological balance section across the Chiayi area of Yunlin.
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Figure 4-1.31: Estimate the central fault structure with seismic profile and seismic data. The faults
indicated in the figure from left to right are Meishan Fault, Chiayi Fault, Chiuchiungkeng Fault and
Chukou Fault in order.
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Figure 4-1.32: The cross section with the relocated earthquakes across the Tainan domain.
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Figure 4-1.33: Fault geometry of Muchiliao—Liuchia fault.
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Figure 4-1.34: Geological balance section across the Chiuchiungkeng fault and Chukou fault.
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Figure 4-1.36: Geological structure section across the Chiuchiungkeng fault and Chukou fault.
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Figure 4-1.37: Shallow seismic reflection across the Hsinhua fault.
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Figure 4-1.40: Tainan geologic map and seismic reflection profile D5 (Le Béon et al., 2019).
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Figure 4-1.41: Geological model across the Tainan tableland, southwestern Taiwan (Le Béon et al.,
2019).
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Figuer 4-1.44: Shallow seismic reflection profile across the Tsochen fault (F# z£ % > 2007).
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Figuer 4-1.49: CGS geological map in Chishan area and the CC’ and DD’ geological cross sections
modified from (Lin, 2013).
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Figure 4-1. 51: Geological balanced cross-section of Line 27 and Line 28 in SW Taiwan.
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Figure 4-1. 54: Geological balanced cross-section in SW Taiwan.
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Figure 4-1. 55: Velocity structure cross-section of SW Taiwan.
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Figure 4-1.56: Structural map of the Chaochou fault and its western branches. Line AA’ is the location

of seismic reflection; yellow dot is the drilling well CC-1. The inset presents the profile of branched
fault, back-thrust, and the Chaochou fault.
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Figure 4-1.57: Seismic reflection of Chaochou fault. Line AA’ in Figure 4-1.56 is the cross-section line
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Figure 4-1.58: Structure geological cross-section BB’.
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Figure 4-1.59: SW Taiwan balanced geological cross-section.
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Figure 4-1.60: Velocity structure and earthquake relocation in southern Taiwan. Upper figure is location
of T4A velocity profile; while the lower one is T4A velocity profile and earthquake relocation (McIntosh

etal., 2013).
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Figure 4-1.61: (a) Earthquake, focal mechanism and locations of cross-sections. (b) Focal depth and focal
mechanism of profile 7 and profile 9, CF: Chaochou fault. (c) Focal depth, focal mechanism and crustal
velocity structure of profile 7, profile 8 and profile 9 (Wu et al., 2014).
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Figure 4-1.62: Schematic geological cross-section across the Hengchun Peninsula-Lanyu Island (F#

L% 5 2005).

236

R Rk |
(Philippine Sea plate)



l'l‘

\

A Rifted continental Incipient collisional orogen A
margin + Lower slope Backthrust + Volcanicarc | Oceanic
0 Frontalseg.] Rear T 0
South China Sea—»{«— Kaoping slope dsl‘ongad forearc; o OF = Deformation Frontl
: onlinanlal slope Lu uzon arc FaC = Fangliao Canyon)|
15 2MA A HuR = Huantung Ridge |~ 1
- i A KC = Kaoping Canyon | =
L2 PC = Penghu Canyon [ 2 £
g SLT = Southern [ “ o
£ Longitudinal E
=3 Trough Fo2
H TT=Taitlung Trough | 2
g4 =
o Huatung | . &
56 basin [ 5 %
go Lo §
7 7
L WE
8 'L\;-ﬁ- 8

B 4-1.63: S@ainpiEd Ly A-AZ R 5 B (Linetal, 2009) °
Figure 4-1.63: Seismic cross section across the Hengchun Peninsula (Lin et al., 2009).
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Figure 4-1.64: T2933 tomographic models with relocated seismicity across southern Taiwan (McIntosh
etal., 2013).
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Figure 4-1.66: Relocated earthquake profile during 1991-2010 in eastern Taiwan. (a) The distribution of
relocated earthquakes using 3DCOR. (b) The earthquake distribution along the section BB’. The green

dotted line is the location of Benioff zone. The yellow dotted line is the seismic zone of the Longitudinal
Valley fault (Ft i& # > 2013).
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Figure 4-1.67: Distribution of relocated earthquakes along the GG’ and HH’ profiles in eastern Taiwan
from 1991 to 2010 (Shyu et al., 2016).
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Figure 4-1.68: Relocated earthquakes between 2012 and 2017 in Hualien area. Left figure is relocated
earthquake distribution. Right figure is earthquake distribution and the Vp and Vs velocity models along
the CC’ section. The white point is the My > 2 earthquake in 2012-2017, and the black point is the Hualien
earthquake in February 2018 (Wen et al., 2019).
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Figure 4-1.69: The geometry of Milun fault system.
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Table 4-1.5: Various survey methods and fault parameters of the Milun fault geometry
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Figure 4-1.70: Resistivity profile of the Lingding fault. The profile location is located at the 04E-YMI-

SFO1 in the above figure.
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Figure 4-1.71: Geometry and segmentation of the Longitudinal Valley fault (Lee et al., 2004).
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Figure 4-1.72: Relocated earthquakes in eastern Taiwan. Rueysui fault passes the D profile. Earthquakes
mainly occur at a depth of 25 to 35 km.
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Figure 4-1.73: Taiwan tectonics and the distribution of seismic stations. The solid black lines show the
locations of velocity cross section. (Up) The northern section of the Longitudinal Valley fault locates at
the CO3 velocity cross section. (Down) The middle section of Longitudinal Valley fault locates at the
C02 velocity cross section across (modified from Kuochen et al., 2012).
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Figure 4-1.74: My 4.7 earthquake sequence on December 19, 2009.

248



F 4-1.6 1 BTRETR S e mAp 2 }F*J&
Table 4-1.6: References for the geometry of Lingding fault.
* fr = V& =& (km)
FIEAE > 2004 R B AR |-
Kuochen etal.,, 2012 | C02:i¢ B Hd 3]G 2 & R4 F | 65E 30202 =+
Shyu et al., 2016 2009/12/19 MLA4.7 & & & 7| 65E 20-40

Zo 4-1.7 © shfRET R 2
Table 4-1.7: References for the geometry of Rueysui fault.

i) fdn b < ik

~ Fk s M & #R (km)
1991-2002 2_ hypoDD & = i+ [0-25 22 » 75 & .
viFE 40 o> 9
Kuochen et al., 2004 Ty 2540 21 455 | T E 022
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B 1,75 Dok 'T fri, # %7k Z & (Chenetal., 1991)
Figure 4-1.75: The outcrop of Chimei fault near Fengpin (Chen et al., 1991).
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Figure 4-1.76: The outcrop of Chimei fault at Hsiukuluan river, southeast of the Chimei village (k£c =
% > 2009).
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Figure 4-1.77: MT resistivity section in Tailin area (& G i % > 2005).
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Figure 4-1.78: Fault geometry of the Rueyshui fault and the Chimei fault.
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Table 4-1.8: References for the geometry of Chimei fault.
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Figure 4-1.79: (a) Seismicity in the Chihshang fault area. Opened circles are the earthquakes during
1998-2001. Black solid circles are the 1995 M5.4 earthquake sequence. (b) Profile of background
seismicity from 1998 to 2001. (c) The earthquake profile of the M5.4 earthquake sequence in 1995. The
cross in the figure represents the uncertainty of relocation (after Lee et al., 2003).
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Figure 4-1.80: (a) Aftershock distribution of the 2003 Chengkung earthquake and their focal mechanism
solutions. (b) A-B profile aftershock distribution (Cheng et al., 2009).
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Figure 4-1.81: (Up) Taiwan tectonics and the distribution of seismic stations. The solid black lines are
the distribution of velocity profiles. (Down) The southern section of the Longitudinal Valley fault passes

the S03 profile (Kuo-Chen et al., 2012).
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Figure 4-1.82: The east-west structural section on the Wuhe platform, the Yuli fault developed in the
alluvial layer of the Longitudinal Valley, and its bottom is unknown (Shyu et al., 2007).
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Figure 4-1.83: Tectonic evolution of Pinanshan Conglomerate.
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Figure 4-1.84: Structural model of Luyeh fault and Lichi fault (& 5 > 2007).
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Figure 4-1.85: Structural model of the study area (% 73 & » 2007).
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Figure 4-1.86: (a) Location of seismic reflection line (07P-LYHF-LT-1) in Luyeh, (b) Interpretation of

shallow seismic reflection profile.
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Figure 4-1.87: Taiwan seismotectonics and the distribution of seismic stations. The solid black line shows

the distribution of velocity structure profiles. The picture on the right is the SO1 velocity structure section
of the southernmost section of the longitudinal valley fault (modified from Kuochen et al., 2012).
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Figure 4-1.88: (a) Relocation and focal mechanism solutions of the 2006 Taitung earthquake sequence.
(b) Earthquake profile. Thick red line on the left is the Central Range fault, the upper red dotted line is
the Luyeh fault, and the right light blue polygon is the Lichi fault (Wu et al., 2006).
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Figure 4-1.89: Luyeh - Lichi fault system geometry.
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Figure 4-1.90: Three-dimensional geometric schematic diagrams of the northern Yilan structure and the
southern Yilan structure.

262



4-2 BLOCK S 7 #3

4-2-1 87k A RIZ L 18 * Sk

pET R B0A] 5 Meade ¥ Loveless #7 B % ¢ Block Model ( Meade and
Hager.,2009)> i & ezt 5 RIZ 5 B %8R 5 L 87K 1T 5 B0 #rdl o @ = sl il
Tl Ak R F ST G FHER L I REF LTS R R AR
BoOREEZIFH LAREFERIPIVRFFER - APEI A A sy )
( Dislocation Model ) » Block Model ¥+ ™ & % % uE W= TR B 2 ik oh
3+ 5 > * Block Motion ¥ ¥ jg¥.482 2 » Y &

£5 b FA

;F,
Hoa =
BLOCKS %7/ i #i¢ S Ay h e 2 A e i n a4 49 0
L

WA T o MBPAINER T FERLLBEI IR BREBE =L - FEE
LiHrETR A BT S ATHETR S AT ETR C RRETRE C Z RETE - 27—

BB b HETE B ATRETR A R R 4 SRR L ETR
GSOLETR A RE - T ST BT ATIVERR S (AT TETR - S4RuTR )
LER B LECE R ETE LR ok A SR TSR AR B
TR SR RTTECE  JIE R 2Lk T () BB T (8)
P E XSS R AR S LR RO E TR )k T

é%#%?ﬁﬁ@’ﬁ%%%#%&%i$ﬁ§&ﬁi$#%ﬁﬂ’W%f%%

)
=

R

%P (Shyuetal,2016) 3 £ 2 @i F 229 L FA AT T L BEHURK B
PR EE DA R PR A2 s TSR F o h R EE= &)
ZRAA LRI FHEFE A e BT

A A FEEEEE D = o BRI WA R Y

&%ﬁ%t%owﬁm@ﬂ@kﬁa—%wf+.n2%431%n,@4®ﬂ

Tl
..\
>4
o]
beic
>
P
\1
‘?
@
1*:1'.
o
:%F
—A
3
=i
x
AL
=N
&=
e
N\
wn
=
<
ot
¢
-t
=5
NS
S
p—
(@)
—
=
»
'>\_

Sl e AN REREG B A T YRR S L BT AT ETE B
TR o~ K BETR BT RSTE A A eSS A REFHEG O BY NEI REAET
<@4iﬂ;f:*;@%%i%l%z JRUF 2 SR AR T Y B A AR
Eh 1 R X HARERE P L R FAT e A G A et B 6 A

oo WP e d REEF (F4-2.1)0

ETIRN

263



B

>

D

EPBHd 3 GPSHERBEL T 0 8% 25 L FFEHEAHREE 1161
@y ek BH( B 4-2.1) Blakid
AT EEE NG G A BRI 2 F kR

R#EREFE S L 2016 1 2019 # >

2512
24°48'
24°24'
24°00'
23'36'

2312 . IR s

—

/ <— QOriginal velocities 25 * 5 mm/yr

20°48' : _' " o8 S = Normal / Reverse Faults
: — Strike Slip Faults

Py : _ T v T 4 T - 1 D
29°04' : : —4 -2 0 2 4
y N./ R. Faults Velocities (mm/yr)

22°00' T 4 -2 0 2 e
. Strike Slip Faults Velocities (mm/yr)

120°00" 120°24' 12048 121°12' 121°368' 122°00° 122°24' 122°48' 12312
Bl 4-2.1 @ 87k A~ 40 B o o ¢ SEAERT 2 e A %k B ¥ & N/ R Faults Velocities 2. ¢ g -
Fé SEART 2 4w i # U7 A B4 & Strike Slip Faults Velocities 2. ¢ F# o % & Hegid B35 5
AT 1161 5=~ Fp#7de 2. GPS BlxbiE B 3o
Figure 4-2.1: The input values of the BLOCK model with the 1161 GPS velocity field (the deep gray
arrows) 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.

264



4-2-2 #7k W% %
ARG E R Hp AT A E AN Al R = L iEA R ETR &
TR R WY N T YRR L TR AT R LR S f BT ST

BEETR R AL A L A aE g o HRIERI S e b A5 4T o 45 BLOCKS

‘?‘
#?t
3N

= ’m@ LABRTHFSEE S ot 421 AnFHEFS B i
WA AaB o fEALHB 0 He BB B EA T AWk f B2

ﬁi °

ST RIAIRENT GFETA D LSRR P T BT R S ATH TR AT A S JF

AT ¢ o LUETE 4 RF AR 5 9.0km L P 70.0° 0 X E VM F B A £ R IR
g E-14mm/yr> A= FHLELRZHBEEY 1.3 mm/yr (B 4-2.2 - F 4
23) BT A EHF R EAE o F LT AF S E B 5 1.88+0.15 mm/yr () 4-
24~ % 421) P ¥TE 4 TR 5 7.0km L ¥ 20.0° B S R A F B A E
AR FHSAE B EA YL 0.8 mmiyr (B 422 B 4-23) Bw i+
FETk ¥ ipes £ FHEARFSE S L Ll mm/yr (B 424 £ 42.1)¢ #F
FETK 4 RFER 5 10.0 km K FE 50.0° 0 RS K e A A B Bk A4
#Barg o BEAYE 0.5 mmyr 2 0.4 mm/yr (B 4-2.2 - Bl 4-2.3) 0 57 5 i %F
R #4080 FERETE LS E S L 0.6 mm/yr (Bl 424 £ 4-2.1) ° AT 87
K4 2R R 5 10.0km K #E 40.0° > B S &0 e kS AR E S 1.6 mmiyr
AdeFAAENGE L2mmlyr (B 422 Bl 4-23) L &5 F 8 54 e
AR LU > RS E L 2.0340.45 mmlyr (B 4-2.4 ~ & 4-2.1) o JEEiE K
HTFR 5 8.0km L 500" A X He B A EER A NA S FHLE R E
Aul A LS mm/yr 2 1.1 mm/yr (B 4-2.2 ~ B 4-23) Bom 5 8 7% F 24 4
B MR AFSEFE 19mmyr (B 4-24 2 42.1) a3 & 94@
FApiT o A Gi Lo BT R Ch o & RTR G B B R A S A BARIRIT Y RAR G
ME S F - 21@@@?% WBH ARE
AT PP el R 2 RETE X T - E S ST B H
Tk o~ A FH AU 4 TEETE LT A X LT AT T
JEC SR o Btz RETA G UFAR G 9.0km L #2507 5 = % i s
B s g (B422)c a4 e fBrBd s 2HRE  Whe R AP

T

\F‘\ﬂ
=N
&
¢

265



1.3 mm/yr 2. (B 4-23) %5k B A = 5 5 sk 4 2B A R 0

‘a:]a
ki
I
&
E <

3.9£2.6 mm/yr (B 4-2.4 ~ 4 4-2.1)° % 7 51  $7 4 4 TUEA 5 6.0km L #F 25.0
v i

A
s
=

R ENMeFBAEY LAY ST EL RGBSR FHE

N
\“‘\ﬂ

527410 mm/yr (Bl 4-22~ % 421); a4 e FHBEFRE S E 284
FHA - F#EE95 3.120.8 mm/yr (B 4-2.3 ~ & 4-2.1)» FERETA W # 2
F 5 43203 mm/lyr (£ 4-2.1~ B 4-2.4)0 & F gréck 4 TR B 5 7.5km & #E 25.0
o ETEAe ARG e AR B LR EANA B AL R ELE G
0.6 mm/yr #2-0.3mm/yr (B 4-22 - § 4-23) k7 ¢ z ¥k 2L B A8 K

B TR S URR F 130
km L #7507 > S %M fHLr gty A2 E > 95 49507 mm/yr & IR

STk RS EF L 0T mm/yr (B]4-24~ & 4-2.1) -

AE O(B422 2421) ad e FRdF2R5 28 E & 4.8:0.5mm/yr ([
423~ 2 4-2.1) 0 FRETR LS E X 5 69402 mm/yr (£ 4-2.1 - ] 4-2.4)

FH - FR L 80km K iE 3507 &N e FHA R HER
SuERER > TR S 15505 mmiyr (Bl 422 % 4-2.1)5 @ 4w i
FREZHRE S FHASFHSEE9 5 13203 mmlyr (B 4-2.3) FHEE &
FAE S 5 21203 mm/yr (£ 421~ Bl 4-2.4) ¢ 4 3R 4 UFRR 5 5.0 km
LS00+ & Mo B A€ 6 ¥ 5 BFEFH £ E 413331 47mm/yr

XK
(i}
k.
=N
~.
-
3
]
]
&
SN

i s i (Bl422) - adwFsrEgritlis %
Bz HAE (B4-23) 4T FH 3 S G WsEd B~ 8 R EES
41£1.0mm/yr (B 424~ 4 42.1) 5 L¥7k 45 7 A 5 7.0km & 8 25.0° > iT
Ldd e A0 FBEHL L2 EE R FAPFHLEELEe FHA

BAnd o BE L 1.8mmiyr (B 422 Bl 4-23) Bm 5 R4k ¥ igis £
TR AFHE T S 2.6 mm/yr (] 424~ £ 4-2.1) 0¥ Fa F 94058+ &
A E S A ARIT e X X LK A RFA S 125 km L5 80.0° > B 1R
ARG Y S HEER > B EN 5 6215 mm/yr (B 4-2.2)° @ 4 FH
ARRERe AT RPEISAEFEMEF 33£18 mm/yr o @ Bos R 5 LB
A 0.1 mm/yr (B 4-23) 7k BERla 2 S rsr k3 2822 AFHER
% 73407 mm/yr (B 4-24~ & 4-2.1) 0 A ReF -+ 7 BT A B UER L 6.5km L
ME325 0 A kM s AR
43 mm/yr (] 4-2.2~ B 4-23) 7 5 D8 AF 24~ £ FHEAE LSS

EEE SN A e fFHALE 0 2 EA S 44 mm/yr &

266



F 5 62mm/yr (B 4-2.4~ % 4-2.1)> 203 Fai 5 417 1 Ap JH G- 4o N FE < o
FRc k4 TR AR 5 6.0km K 4507 &M FS A E S 6 T ERER
(Bl 4-22) s ET55 20518 mm/yre a 4 v FH A EERZHAE
2411 mm/yr (B 4-2.3) 47k B A 3 2 S8k ¥ LA B> RFFHEE S
3.3+1.3mm/yr (Fl 4-2.4~ 4 4-2.1)c R 5 ¢ & Mepd Ede p gL o
PR B RGERESF RGP
ST B IS GEETR D ATIVETE (8T 2 ETR - S AETE ) WL R
FELETR VTR S B ETA S ATV TR 4N RUFAR 5 7.0km L ME 4507 0 & %
o ffHs BB 4 e fss g  £ETHL YL 42.541.6 mm/yr £2-0.340.7
mm/yr (B 4-2.2 ~ B 4-2.3) o7 5 FrsTk ¥ £ 44 £ FERMEA RS S
5 42.551.6 mm/yr (B 4-2.4 ~ % 4-2.1) 0 AR Tk F A 4094 5% L
X ofs T LETR A FURAR 5 12.5km L #E 80.0° M F M HRE BT 55 48413
mm/yr (B 4-22) @ 4w F#H 4 9 5 4.6£1.0mm/yr » ¥78 B @ 3 5 i e
B 2#AsE wk#EE: 6.8£0.5 mm/yr (Bl 4-24 -~ 4 4-2.1)°

o
*
—
R

LFR - 40km L #540.0° 5 Ed-Aed e 2% MBS E > 6 v 5 i HrE
0 2EN G 13201 mm/yr (Bl 4-22) a4 »F#H4L 2R3 R =4 07
mm/yr (B 4-2.3) &7k FHn 3 2 G H%4 > A& E E 5 1.520.1 mm/yr
(Bl 4-2.4 > 2 421« ] {f L#7K 4 WFR 5 10.0 km L ¥ 70.07 > & % ¥ o 3
BEHAEANIHARFHLAEE B EAS YL 3 I mm/yr & L4mm/yr (] 4-

22~ B 4-23) 0 FERETE AR F L 34mm/yr (B 4-2.4 ~ & 4-2.1) 0 A LT
B4 FR 5 100km L 450" R A At-d e d e * % fFHrE @

-

WA SR REF L 0.8mmiyr (B 422 B 4-23) B 5 i Bk
F LM R EMEE RFSEF S L1201 mm/yr (B 424~ & 4-2.1) 0 b
%‘*si FRFIE L BA AL FIE S A ApT o TR 4 UFAR 5 17.5km L # 60.0

PR EN e FHA R LEBERGEFES > THF E9 5 1.3202mm/yr
(Bl 4222421 ) a4 e FHBEFP 2BRE FHACFBEEL
FA R T (B 423~ % 4-2.1) FREE AFHEF 95 1.9202mm/yr (£
421~ Bl 4-24)c EF 4T 4 UFAR 5 200 km L 75.0° 0 & % e i 0 F A
AER AR I HBA e FHLEE R EAL Y G 44mm/yr & 43 mm/yr (B 4-2.2
Bl 4-23) FEHEE RFHE ST F 62 mm/yr (B 424 £ 4-2.1) HHE 1w

267



A SERRNCIE G L - el ﬂwﬁﬁm’ﬁ-&ﬁﬂi}‘j?@?ﬁfﬂ%%“éﬁ%&ﬁ°
CEPRIREN TR T A e R o B CETRETR AR ETE
FUTR S0 P UTR S RITUTR I U 3_2%«*%, (A ETH(3)

i o A HE RS TFA S 100 km L F 65.0° A F v FBAE 4K
TEEA R FHEST YL T2mmyr (B 422 B 4-23) &k B ek Fr
i 5 102mm/yr (£ 421~ B 4-24) 08Tk &R T L BEE R 5 L
650 FA R 5 27.5kmo B 2 % M FH A Bos B Rt 9110.6 mm/yr
HApEE 20 s T30 (F 4-22) a4 FBEF AR L 5T 95 7.6
mm/yr > #o] 05 Ees - P B2 6. 7mm/yr (B 4-23) R TR A RFRE 0 8
AR B 4-2.4) 0 BFRRFSEF L 9.8£1.0mm/yr (£ 4-2.1) - ghfhEr
BT 43K 25 LM 65.0FR 27.5km F RN e AR T AR ER
X0 BETL 7.6805mmiyr (B 4-22) A A s FHEFREELSL 17k
2.0mm/yr( §] 4-2.3 ) B A 3 AT E AR E B0k B A £ 13.0mmlyr
R A E 5 5 10981.2mm/yr (] 4-24~ 4 4-2.1) 4 3 47k - B 2FR 5
25.0km L #E 80.0° 0 * & MEwFHA R > R EELH s H2 10.0 mm/yr
Bool A B2 75mm/yr (Bl 4-22) @ 4 e FHEFRARTIH 2EHL 13
mm/yr (B 4-2.3) @@ &8 &> B+ @5 101 mm/yr (] 4-2.4) 0 S FR 8 H
i 5 9.0£1.0mm/yr (£ 4-2.1)0 3 F ¥k > T A HdRY K ¥k 0 2 %

£60.0°4 TiFAE 5 20.0km> F & e B L REHALL LB LY v R

FRAE S B EL 33mm/yrs Bt B G 18.8mm/lyr (B 4-2.2) 5 @ A A
BFEHFANEFRLY s B F AR k) ES 32 mmlyr B B35 9.6
mm/yr (§]4-23) # Pk AFHEE > B B A K5 200 mmiyr B B
Bdo ¥ BT N2 4.6mmiyr (B 4-2.4) 0 EREETR A F 5 12.065.3 mm/yr
(£ 421)  RTFTETR > AT HIR A TFETR B Pk 25 L 98 30.0°4 TFA 5 5.0
km » T30 %*‘v?i*ﬁré»i‘ﬁ‘*%%/w\iﬁrié’ A E Sy 5 45400 mm/yr (B 4-2.2 ~ ]
4-23) FEWEE AFHE F 5 64200 mmiyr (£ 4-2.1)° JIE 8k 4 TUFER
2 220km L7 550" R EMARTRGEFF IHBLE A EKRFZ L 2P
Fipeas o0 EESE EWA S 0 e F 8 A R 5 49424 mm/yr (R 4-2.2)
Ao A EF 5 63208 mm/yr (] 4-2.3 ) RS K W@ F 5 8.3+0.9 mm/yr

268



#

PO

at-

42.1)° 2 L EK 4 RER 5 100km L FE 5107 & % f A 3 > &5

=

(#
ﬁ@«%imﬁﬁa%,Tﬁiﬁiéé4&ﬂmeM%M%D’ﬁ@ﬁﬁi

FLmL 2911 mm/yr (] 4-2.2) FREA SFHE F 5 5.720.7 mm/yr (£

4210 () B UFA S 94 km LT 6007 & % M sk £ <30
tHAPFHALALTE R EALS B E-25mmyr £-1.7mm/yr (B 4-2.2~F 4-2.3)>
WA R e AL U MR RS E S S 32 mmiyr (F4-24 4 42.1)

W (=

fﬁs\%féA’&;fi 2 113km L 600" » 2 & M BFEL XL H 4w
£ @4 % 5-3.9 mm/yr 22-3.8 mm/yr (B 4-2.2 > B 4-23) F 2 &

I ETR o RERRUTR .?:,@‘)ﬁﬁ%iiﬁ" 5 55 mm/yr (B 4-2.4 -~ % 4-2.1) et
Fad Q4008 F B4 F 8 0 RAQFE2 o F AR P AR o L30
LR G EA S 2 OFE AR B 2 UG PR s R v

SR rFEd % GPS B w2 kT d RS RO AR S R L
FTERTRIA2S Z AT 2d R 300k & 2 diaE R 2 AR R IR
FE R R p ANETE R A BT (3) R e 2SS 2 S8
g%ﬁ?ﬁ%&%¢$§@ﬁ+’éﬁ%&iﬁﬁﬁi:%ﬁ%%uﬁiﬁ”
(#“)f#i%v"lﬂtz‘%ﬁ?vféﬁ'lﬁi’J;a s B HRE R T ARE{ * aVERE
PR R BT o RS 3 0 T A B i BRI LT L HATRE U
BFARIAM BAXIAITRERE TP FHERLERIPRA 403 RS
2. RMS & 5 13.122 -

g EARR S T FME ET LR RSB RIER] o B R %

PGS a EHFBE e B EEREAN T RA )RR R AR

A

b=t

7/

Pl IR AAH o XA Aok B RS R 0 RS E POTEH N P00 T
Btz 1o Apgan g Rt R BRI B2 B %0 T R 5 ik 0 M7 SaciE
B RERS R LR EREBORE

AR DA ETREERS R Y O BRS R S B P AP WAT ST 2 M
B ERAE PR BRSBTS Nk A BT TR
& BLOCKS tR* & b § Rz E@F B mb 2 A7 S B EEERS % - &
Bl A %R LA TOHE FHERA ST PR AR R ARk
SRS Aot R B S A LR 2 G R RS % o

269



2421 GPS#RHHH A F 2L LT FHEF 2 TAFRFLEL =H

fEs e B Mo FBEFY o P ELGER > f B4 DT ETR o

Table 4-2.1: The result values of each fault model with GPS 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.
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Figure 4-2.2: The dip-slip rates of each segment modeled with 2020 GPS velocity field.
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Figure 4-2.3: The strike-slip rates of each segment modeled with 2020 GPS velocity field.
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Figure 4-2.4: The total slip rates derived from vector value of each segment modeled with 2020 GPS
velocity field.
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Figure 4-2.5: The results of GPS velocity field modeled with 114 GPS sites velocity field which the
standard deviation is 12.4. The red arrows are the modeled results, the deep gray arrows are the original
velocities and the blue, red and dash lines are the faults and block boundaries which follows the icon
chart within the picture.
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Figure 4-3.1: (a) The block model setup of this work. Black lines are block boundaries. Red lines are
CGS active faults. Labeled numbers are: 1. Shanchiao fault; 2. Hukou fault; 3. Hsinchu fault; 4.
Hsincheng Fault; 5. Shihtan Fault; 6. Sanyi fault; 7. Tachia-Changhua Fault; 8. Tuntzuchiao Fault; 9.
Chelungpu Fault; 10. Tamaopu-Shuangtung Fault; 11. Chiuchiungkeng Fault; 12. Meishan Fault; 13.
Tachienshan Fault; 14. Liuchia-Muchiliao Fault; 15. Chukou Fault; 16. Hsinhua Fault; 17. Houchiali
Fault; 18. Zuozhen Fault; 19. Hsiaogangshan Fault; 20. Chishan Fault); 21. Chaochou Fault; 22.
Hengchun Fault; 23. Milun fault; 24. Lingding fault; 25. Rueisui fault; 26. Chimei fault; 27. Yuli fault;
28. Chihshang fault; 29. Luyeh fault; 30. Lichi fault.
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Fo 4-3.1 0 B 431 ¢ Aop AR TR 2 B e Sl
Table 4-3.1: Subsurface geometry of active faults shown in Figure 4-3.1.

Wk - # & (degree) 8k & 3%E A (km)
1 Lo BT Ky 70.0 0.0—9.0
2 T TR 60.0 0.0—7.0
3 AT BT 50.0 0.0—10.0
4 AT BT 40.0 0.0—10.0
5 b A 50.0 0.0—38.0
6 = EK ¥k 25.0 0.0—9.0
. A B 25.0 0.0—6.0
T TORER 25.0 0.0—7.5
H 5 g Ry 75.0 0.0—13.0
BTy ek 35.0 0.0—38.0
10 R 50.0 0.0—5.0
11 1 % Ptk 25.0 0.0—7.0
12 ¥ oL BTk 80.0 0.0—12.5
13 L2 LT 32.5 0.0—6.5
14 S S 45.0 0.0—6.0
15 v gk 45.0 0.0—7.0
16 AT 8Tk 80.0 0.0—12.5
17 T ek 40.0 0.0—4.0
18 = ST R 70.0 0.0—10.0
19 | L TR 45.0 0.0—10.0
20 L ET R 60.0 0.0—13.0
21 PRl A 60.0 0.0—17.5
22 15 % 47 Ry 75.0 0.0—20.0
23 hH T 65.0 0.0—10.0
24 BT W Ry 65.0 0.0—27.5
25 T BT 65.0 0.0—27.5
26 S 80.0 0.0—25.0
27 12 %k 51.0 0.0—10.0
0.0—20.0
28 # L ER 250 20.0—25.0
. 30.0 0.0-5.0
29 BLIF ET RIIZER
0.0—22.0
30 T Ek i?f.g 22.0—27.5
FRFAINE B PR | A0 60.0 0.0—9.4
3 it 2§58 60.0 0.0—11.3
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Figure 4-3.2: Continuous (blue arrows) and campaign (red arrows) GPS velocity field observed from
2005-2020, all referenced to SO1R at Penghu
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Figure 4-3.3: The location of the rotation poles for each block were marked along with the 95%

confidence error.
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Figure 4-3.4: (a) The rotation rate of blocks. Blue for clockwise rotation, and red for counterclockwise

rotation. (b) Predicted velocity field resulted from block rotation.
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24320 LRME R TR E ~ R~ AR ARFAEFAWR
Table 4-3.2: Location of rotation pole, angular velocity, and their error ellipses of each

block.

. _ X FRT S i R Z GRAIFRIE | SRLA R | RELAFRE
| w0 ||y | 5 b e | () | 0
CHYI | 120.345 | 23.327 8.88 0.13 66.32 1.09 0.94
WCPS| 122.965 | 19.167 0.33 0.11 71.71 25.04 21.19
EKSH | 121.182 | 29.027 -3.52 0.16 61.30 3.55 3.03
LUCU| 114.419 | 55.873 -0.39 0.00 180.00 0.00 0.00
KHSC| 110.634 | 45.847 -0.63 0.00 180.00 0.00 0.00
PINT | 125425 | -32.558 0.64 0.00 0.00 0.00 0.00
EFSB | 120.986 | 20.935 12.41 0.00 0.00 0.00 0.00
SCEN | 100.557 | -52.445 0.50 0.00 0.00 0.00 0.00
CYMT| 120.09 17.597 1.82 0.27 72.45 10.21 8.88
HSS1 | 121.442 | 47.937 -0.36 0.26 40.77 52.02 45.29
HECH| 317.458 | 74.598 -0.39 0.00 180.00 0.00 0.00
WCPN| 114.572 14.92 0.02 0.08 72.03 101.03 98.04
WTFH| 121.2 24.666 -4.24 0.10 64.69 1.80 1.56
MIAO | 120.933 | 24.388 -4.77 0.28 63.75 4.18 3.66
SHSS | 122.086 | 26.241 -6.11 0.13 63.82 1.66 1.43
CHMO| 120.607 | 24.114 2.82 0.20 63.21 5.19 4.54
HSSH | 122.014 | 25.245 -6.64 0.09 64.49 1.06 0.93
TAST | 121.409 | 24.804 -10.09 0.09 65.42 0.69 0.60
SYSG | 123.363 | 11.768 0.13 0.72 81.58 104.35 103.45
TAOC| 120.397 | 24.699 2.34 0.15 62.81 4.77 4.18
WNOR| 121.962 | 25.078 -1.05 0.18 62.99 12.60 11.02
HSIN | 121.309 | 25.031 -3.24 0.23 63.00 5.19 4.54
ESHC | 121.817 | 25.205 -3.67 0.23 62.95 4.57 3.98
YMSD| 121.878 | 25.021 -2.56 0.12 63.25 3.55 3.10
NORT | 121.954 | 23.658 -1.81 0.12 65.69 5.16 4.50
NHSS | 122.484 | 19.415 -0.27 0.14 70.77 36.42 32.21
CENT | 84.019 | -58.143 0.33 0.00 0.00 0.00 0.00
ILAN | 121.366 | 24.536 -21.27 0.18 64.60 0.63 0.55
RYUK| 121.384 24.04 -39.43 0.16 65.93 0.31 0.27
NCEN| 135.288 | 37.836 -0.58 0.00 180.00 0.00 0.00
LVFD| 129.59 34.297 -1.02 0.00 180.00 0.00 0.00
PHSP | 91.596 | -12.921 0.84 0.00 0.00 0.00 0.00
NCOR| 174.82 43.311 -0.57 0.00 180.00 0.00 0.00
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Figure 4-3.5: (a) Longterm slip rate. (b) Locking Fraction. (c) Slip deficit rate.
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Figure 4-3.6: Comparison of GPS observation and model prediction. (a) Observed GPS velocity field.

(b) Block model predication. (c) Residual.
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#4338k 2 s R F QAL E (Shyuetal, 2016) 2 T2 HiE 5 -

Table 4-3.3: The minimum, maximum value of geological fault slip rate and the

longterm slip rate, deficit rate along with their standard error calculated by our model.

BOFE Y L o ,
Ty o ag Bl £ H T . T e 1 -
'ﬁﬁ‘}é.l 2 7F /’% # 3i =" /’g‘ # —i S ’% # i 2 *%"% 7 E’/ﬁ' #% *%"% Z
s Bl & L4 ’(m o ;) (mm/yr) | A54F & (mm/yr) |(mm/yr)
(mm/yr) (mm/yr) y
oLy e 1.1 2.6 2.9 2.3 0.6 1.2
B 0.3 2.0 5.2 1.8 1.9 1.6
3% 0.2 1.1 3.7 2.4 1.3 1.6
T 0.6 3.0 2.7 2.8 0.9 1.6
R 0.6 3.1 12.6 8.3 5.6 4.4
& 0.6 3.1 15.0 6.0 5.7 3.3
o | - - 8.2 5.2 1.3 1.6
- —_q’ -
7 Ts ; ] 145 10.7 43 57
& 3 gr 0.3 1.7 5.0 1.7 1.4 1.6
By 0.0 6.9 12.9 3.1 2.4 3.6
L F 0.7 3.3 6.6 3.7 1.2 1.6
1 % H 2.4 12.0 22.5 5.2 7.2 43
L 0.0 2.5 17.9 10.6 4.5 7.4
SR - - 18.9 6.0 5.5 6.3
g - - 29.8 43 14.8 2.3
g —= " 4.4 7.1 10.6 3.6 3.5 3.0
Fri 0.8 45 25.8 0.5 12.9 0.2
a9 0.0 7.1 22.8 2.3 10.6 2.1
A - - 16.2 6.8 7.8 3.5
AR At 1.1 5.5 29.7 10.2 11.8 9.4
L 0.7 1.5 28.6 13.7 13.4 7.1
&y 0.6 2.9 13.9 8.7 5.7 5.2
12 % 5.7 6.4 39.8 12.8 16.0 12.4
* & 10.1 10.2 20.2 11.2 5.8 8.8
R 5.6 17.1 32.8 15.8 10.4 12.7
Wik 5.6 17.1 53.3 17.5 19.4 15.3
+ 3 - - 23.1 9.1 10.7 4.4
EN-4 5.6 171 59.7 15.6 38.7 33.3
M 5.6 17.1 34.5 14.1 8.1 11.5
1+ 5.6 17.1 20.9 10.0 3.9 8.1
R 6.2 6.5 29.6 9.6 4.6 6.7
A 1.0 3.5 23.1 13.1 9.3 8.9
B s i 4.9 6.1 11.4 3.3 2.3 3.7
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4-4 LR % F w17 (Basdinelnversion Modd )

A-4-1 8K B2 R &+ Sik
*3+3% ¢ * Johnson (2013 ) £ 3% Okada (1985 1992) s&{+ L & '3 BF %7
R A B P B A AU B - R R IR T - R A AR
PBERRER RS MR RS T S i AR R R TS R
BASULRHEL Y R EE R SR 4 ORI R W A R R R
PRSI % o 87k 48 i) £ E 1248 7834 (Steketee » 1958) #rik = 2 #7 K
%3] (Okada» 1985-1992)> H G & f* @7k F#H E3E» 2 F g2 P E -
OO PR RS R LU TS S SR SN
0.25 i~ F 48 (Poisson solid ) » 5844 #°F (elastic modulus) (L) 3t 3 7 i
£ (shearmodulus) (p) 2 348 o Jn ¥ & %74 ¥ ~ (fault patch/faultelement ) >
Bk FH RO (&, & &) R EG e EIITEEME L =8 Fy

(xll le xS) (;\ 4'4-1>°

w =5 [l Al kaf ﬂ(zw a“‘)]vkctz (5% 4-4.1)
P oF 2% 4 82 i8% 4 5§, 4 5 R sl (Kroneckerdelta) » 3 j=k B >
dk=1°FRM 5 05 v, 51 23 & H < (surfaceelement) d) 2 45 S #ic™ v o
uifrAu nE 8§ - R dod R AR RS BY LanE =5 mm/yr; ek
AWHEFACHSSE Y LOE - mm &£ me {550 441 7~ 7E - BE
k & H & (patch/element) } en¥rk F A€ > § iz- 2 HAF 4 HR2 ¥ 4

PHE A E-REREALEHBE EENFEEE AL FSE T Ak 4

H A f 8o o
RO LR FEES T SRS EEE LB EF MR A EATTE
LB FHcz Y BEL o BT S flkcs 45 %A =8 (km) s FR (km)~ £ B

(km)~ %A (km)~ A% (°)~ & (°)e B o - 80k =3 T ¥k e T57 7
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iz UK FR LApUTh 6 T GauiER (Bl 4-4.1)c %74 F# & (faultslip) ¢
Z = > ek £[S1,S2,S83] 0 & B 12 24 (left-lateral strike slip ) ~ 17 & (reverse
slip) 2 # 3% (tensileslip) 5 & * % o A& FHER & BRih2 ¥k S, 4755
- 4R g Y gAe FHE (S strikeslip) & ¥ & (S20 dipslip) s &igf7
K Jri%’jﬁi’é% PP 4 g VRFHBE (S3) ¥k FH & (rake)
p TR L BRI T B2 862 e o Hc¥r R A £ 2 B Tk 5 tan(rake) = Sz /
Sie# & = # & (displacement) =+ & 7z = B > b £[U, Uz, Us] > & w14
i (East)~#" (North) 2 F (Up) & &+ * » o kT =4 & (horizontal displacement )
Al % sqrt(Ui? + U2?) o

EARBHIFHAY o BRETE AR R kg TR g 2
SRS 0 Flp AT R ILRT s TR F SR i S LRI
BRPRRE > E-HT UFE BREF2ZAREE S (Johnson » 2013) - =k
ARz E 2 &2 4% ) = &35 (Delaunay triangle ) #1338 » ¥ 2 jplsp 2 <k
it Eism B &AMz ¥ E F (elongationrate) Tk » & LA =B pabiE R
iﬂég’&%igﬁ%@iég,ﬁwﬁﬁﬁgﬁaﬁi%ﬂi’&ﬁﬁ%u
hoasmE (7% 5-4.2) (Johnson » 2013)

e=AL/Lo (8 442)

BY e s WEF AL G HFEARERZRME > T"TARI FPIHERLE w
FAASM 2 BEE Lob AMRBIER -

ﬁ%@%%ﬁﬁﬁﬂ’i%%%i%%#$%&fﬁ%&@ﬁ % 1T R
BRI B 2 k3B G d Okada (1985 1992) #rdk ez = 425% £8 - ¥k F
BREIFEFELL s o 2 ARV ESFELL do PR 2@ RS S FBERS
Rz M1 Gs=d k&7 o AT UH L ERIFL2 F8:EL > 1% &

SREFEN 443250 ERREUEFHEEE T 2GR
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2

F(s) = HZ_%(GS —d) (X 4-43)

/‘\\Oﬁh'

Em
BE
&
o2
g — @

Bl 441 8k A2 G AP ST AR K¢ o 25 Ko - 9k Sioflikr 7 ¥R =
B (km)~#FA& (km)~ £ & (km)~ §& (km)~aw (°)~ & (°)-
Figure 4-4.1: Geometry parameters of fault dislocation model. Fault geometry parameters include fault

location (km), depth (km), length (km), width (km), strike (°) and dip (°).
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Table 4-4.1: Average slip deficit rates.

Tind FE S | TIERBEF et i 8
A e A e FELE | Bhsgpa s
(s.s.mml/yr) (d.s. mm/yr) T ) (mm/yr)

oL T Ry 0.6 0.2 0.6 0.4
BTk 0.3 0.2 0.4 0.3
7 #7 R 0.4 1.0 1.2 0.6
FTS 47K 0.6 1.6 2.0 0.9
ik ark 0.1 0.5 0.7 0.9
Z RYTA 2.7 1.0 3.0 1.0
S LR 0.2 1.3 1.7 0.8
ik % K 2.5 1.4 3.0 1.4
H 3 T 0.1 0.5 1.2 0.9
B4y ek 3.3 5.0 6.7 2.0
SF Y R 0.3 0.3 0.5 0.3
4 5 sk 1.1 7.4 7.6 6.3
R 6.9 4.7 8.5 6.6
SN 1.7 0.9 2.1 1.5
RRF — S ETR 1.9 2.1 2.8 2.3
g o ak 1.8 1.2 2.2 2.3
Friv gk 0.8 0.5 1.3 0.8
57 2 ETR 0.0 0.3 0.2 0.5
T AT R 0.3 1.3 1.7 2.0
| LT 0.0 1.0 1.1 1.5
E oL TR 1.1 1.0 1.9 1.3
TRy 0.6 1.4 1.9 1.7
12 % ¥7 A 4.6 5.7 8.2 2.1
i & T 35 4.0 55 1.6
R T R 2.8 3.8 5.7 3.7
THAR TR 0.4 5.6 6.0 2.7
+ % Uk 7.5 15.6 18.2 5.4
EN R Y 0.8 0.0 0.8 0.5
w ek 10.1 2.4 11.0 9.7
B 5K 0.7 2.2 2.4 1.1
& %7k 5.7 5.8 8.3 2.5
¥ jFpang |23 1.3 0.1 1.5 1.3
BIEE | g 1.4 1.1 1.8 0.9
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Figure 4-4.2: Horizontal GPS velocity of Taiwan relative to SO1R station. Gray dashed lines indicate the

CGS active faults.
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Figure 4-4.3: Comparison of observations and calculations. (a) Observed elongation rates ; (b) Calculated
elongation rates ; (c) Residuals.
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Figure 4-4.4: Fault slip deficit rate distribution in Taiwan using 2002-2019 horizontal velocity field.
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Figure 4-4.5: Fault slip deficit rate distribution of Taiwan using 2002-2019 horizontal velocity field.
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F 4510 AP HEBA AT 28R SRS -
Table 4-5.1: Weighted average slip deficit rate in this project.

BLOCKS DEFNODE Iiiseils?:; re 45
Model Model Model 8 R it
W TmE ks | Wk T EFH &
TR LA (mm/yrs I #F (mm/yr)
(mm/yr ) (mm/yr )

AR 2.1 1.8 1.0 1.6
oL T Ry Tin 1.9 + 0.2 0.6 £1.2 0.6 £ 04 1.0
TR 1.7 0.0 0.2 0.6
R 1.1 3.5 0.7 1.8
Rl ¥ T 3n 1.1 £0.0 19 £ 1.6 04 103 1.1
TR 1.1 0.3 0.1 0.5
R 0.6 2.9 1.8 1.8
AT BT T s 0.6 £ 0.0 1316 1.2 £ 0.6 1.0
B 0.6 0.0 0.6 0.4
R 4.8 2.5 2.9 3.4
RIS U7 T35 20+ 28 09 £ 1.6 20109 1.6
R 0.0 0.0 1.1 0.4
R 1.9 10.0 1.6 45
R e R T35 1.9 £ 0.0 5.6 £ 44 0.7 £ 0.9 2.7
B 1.9 1.2 0.0 1.0
R 6.5 9.0 4.0 6.5
Z E YR T 35 39 £26 57 £33 3.0 £ 1.0 4.2
TR 1.3 2.4 2.0 1.9
L9 —F | PR 4.6 2.9 2.5 3.3
7 ks Tin 43 £ 0.3 13 +£1.6 1.7 £ 0.8 2.4
(A F) TR 4.0 0.0 0.9 1.6
L9 5 | PR 4.6 10.0 4.4 6.3
5 Ay Tn 43 £ 0.3 43 + 5.7 30114 3.9
(= &) TR 4.0 0.0 1.6 1.9
AR 0.7 3.0 2.1 1.9
3 gk | TS 0.7 £ 0.0 14 £ 1.6 1.2 £ 09 1.1
TR 0.7 0.0 0.3 0.3
R 7.1 6.0 8.7 7.3
BHEyey | T 6.9 0.2 24 %36 6.7 £ 2.0 5.3
TR 6.7 0.0 4.7 3.8
ST jf} 24}4 2;8 oJ.rs 2.0
f geh 5 2.1+03 12 £ 1.6 05103 1.3
B 1.8 0.0 0.2 0.7
R 5.1 14.5 13.9 11.2
1 5 HuETR | Tio 41+ 1.0 72 143 76 63 6.3
R 3.1 2.9 1.3 2.4
R 2.6 11.9 15.1 9.9
¥ oL BT R Tn 2.6 £ 0.0 45+ 74 8.5+ 6.6 5.2
R 2.6 0.0 1.9 1.5
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Baseline

BIM(())SES DEl\leIj(g{)E Inversion 4o T 15
Model ARG
) W T {’a@t;ﬁ | ¥k %iayﬁ # &
sk A (mm/yr) K535 i (mm/yr)
(mm/yr) (mm/yr)
R 7.9 11.8 3.6 7.8
XLk | e 72 0.7 55 %63 21 £1.5 4.9
TR 6.5 0.0 0.6 2.4
AR — = i?.k 6.2 6.5 5.1 5.9
¥a 6.2 £ 0.0 3.5 3.0 28 £23 4.2
"R TR 6.2 0.5 0.5 2.4
] o o o o
R 4.6 17.1 4.5 8.7
o Erk T35 33+ 13 148 + 23 22123 6.8
TR 2.0 12.5 0.0 4.8
R 44.1 13.1 2.1 19.8
A7 %7k T35 425+ 1.6 129 + 0.2 1.3 £ 0.8 18.9
B 40.9 12.7 0.5 18.0
R 7.3 12.7 0.7 6.9
6" 2Erk | Tio 6.8 £ 0.5 10.6 £ 2.1 02 £ 0.5 5.9
R 6.3 8.5 0.0 4.9
R 1.6 11.3 3.7 5.5
L TR Tn 1.5 0.1 7.8 £ 3.5 1.7 £ 2.0 3.7
R 1.4 4.3 0.0 1.9
R 3.4 21.2 2.6 9.1
LR | TS 34 %00 11.8 £ 9.4 1.1 £15 5.4
TR 3.4 2.4 0.0 1.9
R 1.2 20.5 3.2 8.3
L TRy T in 1.1 £0.1 134 £ 7.1 19 +13 55
TR 1.0 6.3 0.6 2.6
AR 2.1 10.9 3.6 5.5
e T35 1.9 £ 0.2 57 £52 19 + 1.7 3.2
TR 1.7 0.5 0.2 0.8
R 6.2 28.4 10.3 15.0
5% 47k T35 6.2 £ 0.0 16.0 + 124 82 + 2.1 10.1
TR 6.2 3.6 6.1 5.3
R 10.2 14.6 7.1 10.6
TR T35 10.2 * 0.0 58 8.8 551 1.6 7.2
TR 10.2 0.0 3.9 4.7
R 10.8 23.1 9.4 14.4
R AT T35 98 * 1.0 104 + 12.7 57 %37 8.6
TR 8.8 0.0 2.0 3.6
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Baseline

BLOCKS | DEENODE | ooy | s
Model ik
. BgHE * {;@:ﬁ B A %biﬁ i F
sk A (mm/yr) =R i (mm/yr)
(mm/yr) (mm/yr)
R 12.1 34.7 8.7 18.5
AT T35 109 £ 1.2 194 £ 153 6.0 £ 2.7 12.1
TR 9.7 4.1 3.3 5.7
AR 10.0 15.1 23.6 16.2
+ F BTk T35 9.0 £ 1.0 10.7 + 4.4 182 + 5.4 12.6
TR 8.0 6.3 12.8 9.0
R 6.4 72.0 1.3 26.6
EN: L T 4o 57 £ 0.7 38.7 + 333 0.8 £ 0.5 15.1
T 5 5.0 5.4 0.3 3.6
R 17.3 19.6 20.7 19.2
P Tk T35 12.0 £ 5.3 8.1 +11.5 11.0 £ 9.7 10.4
R 6.7 0.0 1.3 2.7
R 6.4 11.3 3.5 7.1
BT R T35 64 1 0.0 46 * 6.7 24t 1.1 45
R 6.4 0.0 1.3 2.6
R 9.2 12.0 10.8 10.7
JI & 7k Tn 83+ 09 3.9 + 8.1 83+ 25 6.8
B 7.4 0.0 5.8 4.4
PPN R 3.0 18.2 2.8 8.0
- Miﬂ*# D= 3.0 £ 0.0 9.3 £ 89 1513 4.6
= TR 3.0 0.4 0.2 12
PPN R 5.5 6.0 2.7 4.7
} WTH’& T o 55 £ 0.0 23 137 1.8 £ 0.9 3.2
= TR 5.5 0.0 0.9 2.1
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Slip Deficit Rate (mm/yr)

CGS 2020 BLOCKS Model CGS 2020 Baseline Inversion Model

® Slip Deficit Rate {mm/yr) - L
; .| CGS 2020 DEFNODE Model __ Weighted Average Slip Deficit Rate
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Slip Deficit Rate (mm/yr)

max
® | Slip Deficit Rate (mm/yr) [ | CGS 2020 BLOCKS Model | CGS 2020 Baseline Inversion Model
min | CGS 2020 DEFNODE Model | Weighted Average Slip Deficit Rate

Bl 4-5.10 2323 3ANCRI 2 S g TR RS SR S 0 L 451 -
Figure 4-5.1: Weighted average slip deficit rate in this project.
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$£7 3% ~106E B-100 £ B pEH b HHA
C B RE RS

A3H2017 F 17 12020 & 11 7 £ 3 % &3 2 BF A e PRI 6

/

1

Bodhipt Boo ¥ thd 32 2020 £ A BB P ALRCE Y 6 Bl B AT A B R
2020 & 57 3 p R ALK WA B AR ARES) FHAG Er B RRE
4oz B BEE2Z 243 % 0 dod 5-1.1 35 (B 5-1.1)-

§ 4 511 F 5 9302017 1 2020 & B B s BARA Y A B AR T R

)

PR LB EER AL U A HR DS % (Ho, 1986; Teng, 1990,

1996) -

F5-1.1 12017 & 1 % 3 2020 & 11 * Rfcx 3 6 %2 0 BF 2 o
Table 5-1.1: From January 2017 to November 2020, earthquake events with a scale of
greater than 6 magnitude.

LRBE | 5R | WA | AW | R 7y

2018/02/06 23:50 | 121.69 | 24.14 | 6.0 | 10.0 =2 | “EFkFc A K > 183 2 2

2019/04/18 13:01 | 121.54 | 24.06 | 6.1 188 2 | Wi Bhpchrd a2 10.6 2 2

2020/05/03 11:24 | 121.61 | 23.23 59 (404 22 | £ ARhpcAAA S 707 2 2
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Figure 5-1.1: Distribution of major earthquakes from January 2017 to November 2020. Red stars are the

locations of M; > 6 earthquakes. Yellow star is the location of M, < 6 earthquake.
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Figure 5-1.2: 6th Feb 2018 Earthquake event report from CWB.
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T ER S EEE A BRI SR e R (slowslipevent) e 24 (Hamling
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e

and Wallace, 2015; Wallace et al., 2017; Hamling et al., 2018 ) » &]4- 2016 & = & fF

RBCTS PR B R A LT 5 ST A A e AR bR
¥ R F Ry 2% 2 (Hamling and Wallace, 2015; Wallace et al., 2017;

Hamling et al., 2018 ) - d »* & A=t 2018 # f“iiT/a RE 27 » 2 2 2RS4

fRirTF ARG EH TV ST R T - R AEE BEFE Aok 2016 £ &
BB T8 IB et B— 0 Fo2bd H - Wk R A ?

ML F SR RSO S -4 K FHE T4 DISSAR 8 5 4.
f217 A= 2018 # LT Rig F 2 H AR c R E ERELEH B

R =Y T SRR TP L E R
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Figure 5-1.3: The focal mechanism and seismic wave inversion of 20180206 earthquake event.
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TGS ot ol L s s X B TR (B 5-1.4)0 % Ak
G A IR B B R d ¢ TR B TR S B ehR R A m 2 E ol
B F 4 F oS (Changetal, 2001 ) o 3t 58 8 & 3Rehd & L% > 4 & d ¢ 2
G T RE AL P E (Ho, 1988) ¢ fEd 448 Bl 8% v &7 i
Ao d s B TR R AT s AL e d L Lk .

P Pinanshan Conglomerate
syn-collision sequence

Tk Takangkou Formation
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Bl 5-1.4: 4 843+ %+ 7 H (Changetal, 2001) -
Figure 5-1.4: Geological map in eastern Taiwan (Chang et al., 2001).
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BEYERBEFAEOREITEN N L -—a e d 4w v LRSS EE -
W TR FRE s BT A8 5 0 R ARG 2B A e A ETE

&8 43 (6]4c @ Chemenda et al., 1997; Kao and Jian, 2001; Kim et al., 2006 ) » %
PR EBETE GRS AP BT T AP R A AR A G R
BThE P F A LRFHE EAN AR R o BT B R *ERip oS LD
A E G 40mm/yr i B AP S B E (Yuetal, 1997) o %88 %7k 5 L2+ 47k
LIMANE LTS NE L B PR 2 # RS A K 15 20-30 mm/yr g
% 45 (Angelier et al., 1997; Lee et al., 2001 ) » 2% @ 5 8 97k A FLiTh £ BTk

7 #C) g B £ R (YuandKuo, 2001 ) & iF3R 5 $ B chdr kg i 4 & 5 (Hsu
et al., 2003; Johnson et al., 2005; Rau et al., 2007 ) °

P RGBT G W EETE - v ARG AT R D 2B
Behfidr BREPERF 2B DET <1951 & hiiES A B A (F 5
15) 284 bR A8Rk L B F Lenl B3 2T 2 AT LRSS 2 ke
P12 C4f (Gutenberg and Richter, 1954; Lee et al., 1978; Abe, 1981; Hsu, 1985;
Cheng et al., 1996)° 3% B R F|AFCEAINH a0 R ASFE 4 3 T RH T i
R ERESER BN FE R BT R AL P ARH S IR0
g R BRG AU Y s P BTE 2 12 80 2 2 a4 (Hsu, 1962;
Yu, 1997; Shyu et al., 2007 ) - “,ﬁ% 1195l EFE LA BA A LSS B A
HUE R RER 402003 £ 127 10 pARB6S chd p b RERS I E0k
B B 51999 & B g Bk o £ REE S e B 2013 #4064
A RORERS AR - BAZHHFLF R ORBRALARAEZ AR PE
SR AR ST TR S A BT e TR B SRR 2
7 £4f # & (repeating earthquake) 7% # (Chenetal., 2007 ) ; 45 %74 £ p
1951 # RS A BRI 2T A 2018 A fCiiT/am AR A TR &4
EH R
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Figure 5-1.5: 1951 Hualine-Taitung earthquake sequence and 2003 Chengkung earthquake (Ching et al.,
2007).
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Figure 5-1.6: Kinematic solution time series of HUAL and PEPU stations. The gray line in the figure is
the time of the Hualien earthquake on February 6, 2018, and the red line is 30 minutes before and after
the earthquake. The figure is the average co-seismic displacement of the last 30 minutes minus the
average of the first 30 minutes.
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Figure 5-1.7: GPS coseismic displacements of earthquake in Hualien county. Focal mechanism solution
is from the CWB. Red triangles represent land uplift; blue triangles represent land subsidence.
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Figure 5-1.10: Coordinate time series of campaign-mode GPS stations in Hualien. The blue circle is the
coordinate component relative to the average. Red lines are the coordinate time series fitting lines. Gray
vertical line is the epoch of the Hualien offshore earthquake on February 6, 2018.
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Figure 5-1.11: Coordinate time series of campaign-mode GPS stations in Hualien. The blue circle is the
coordinate component relative to the average. Red lines are the coordinate time series fitting lines. Gray
vertical line is the epoch of the Hualien offshore earthquake on February 6, 2018.
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Figure 5-1.12: Coseismic displacement field of the Hualien offshore earthquake on February 6, 2018.
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Figure 5-1.13: Residual coseismic displacements between displacements from GAMIT and Bernese.
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Figure 5-1.14: E549 GPS campaign-mode station site and its environment.
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Figure 5-1.15: The coseismic displacement field calculated by Bernese of the 2018 Hualien offshore
earthquake. Left figure shows the coseismic horizontal displacement field while right figure shows the
coseismic vertical displacement field.
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Table 5-1.2: Coseismic displacements of the 2018 Hualien offshore earthquake from
campaign-mode GPS stations.

BLE. =R FR de dn du Sde Sdn | Sdu | Date
E415 121.5730 24.0045 -124.212 | -150.427 50.862 4.348 2.871 4.685 2/8
G970 121.6040 23.9254 -7.184 337.189 -52.039 4.472 3.034 2.365 | 2/8
G972 121.5955 23.9252 -315.831 | -232.335 163.631 4.458 3.029 4.490 | 2/8
G979 121.5353 23.9450 -115.770 -76.414 7.397 5.067 3.215 4.431 2/8
GA37 121.6081 23.9836 -18.402 -285.036 -77.634 4.457 3.034 4.743 2/8
GA40 121.5817 24.0036 -108.626 | -188.582 40.752 4.344 2.865 4.449 2/8
GE46 121.6032 23.9867 77.494 -398.087 -73.921 4.457 2.864 4.274 2/8
GE63 121.6188 24.0069 265.269 447.061 120.906 4.344 2.865 4.386 2/8
GE64 121.6089 24.0144 -70.315 -288.147 40.494 4.344 2.865 4213 | 2/8
GA41 121.5921 23.8442 -30.088 70.572 -40.639 4,762 3.269 4.205 | 2/26
E549 121.5406 23.8867 -182.966 -49.528 162.218 5.759 3.912 4.862 | 2/26
GA43 121.5197 23.8843 -69.520 -45.291 -11.350 5.000 3.250 6.839 | 2/26
GE56 121.4984 23.7267 6.396 -5.635 -41.635 4.989 3.432 4613 | 2/26
GE57 121.4676 23.7544 -8.692 -1.906 -26.952 4.996 3.442 4719 | 2/26
GEO8 121.4448 23.7300 -7.121 -9.298 -37.491 4.982 3.251 4,724 | 2/26
GE55 121.4110 23.7157 4.251 -5.038 -6.137 4.982 3.251 4.831 | 2/26

xide~dndusrHEAE-N-ULE2ZFREHE > Ei=% mm; sde~sdn ~ sdu & & & %

E-N-U&s#23#%4 Hi>: mm; Date 3 2018 # fEifiT/4 4 B8 2 (82 BLBIFFRE o
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Figure 5-1.16: The coseismic displacement field of the 2018 Hualien offshore earthquake (enlarged map
of Hualien City area). Left figure shows the coseismic horizontal displacement field. Right figure shows
the coseismic vertical displacement field.
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Figure 5-1.17: The coordinate time series of the Lingding-Longjian precision leveling line in Hualien
area. The blue circle is the coordinate component relative to the average. Red line is the coordinate time

series fitting line. Vertical dashed lines are the epoches of earthquakes.

%
4L
M..ﬁ
= o
L
Bo gl
o
gk st
1L Xy QH\
R
.U. ® L
- =
RPN

BE ol =

327



E

R R R E AR AR PR kR FRELE
Y FRBELE AT GPS LE BB RGF] > BT GPS A 24
2L (KMNM) 2. &% =8 3 . MplRY K315 G972(?ﬁ73§£*’»;}%6‘ A) % G970
(Rs AR F Ro) s 82 GPS #dak £ 8L Fpb A B FFE# 94 G972 2
GPSELE R REHBE > RFTFFHF-WRA T LERMR2Z LI FREHS -

Mok Ep RSk (B S5-1.15 B 5-1.16 5 & 5-1.3) > 4p %> KMNM ]
o BUEUTE T RIZFARLTE EHAFERLS > FAED 79 394 mm » L iE
M 4e 3 5 163.6 mm > - BSAS T A G I A RETA LR A2 TS TG T
FeaiE % 0.02 ~45.51 mm o

4 5-13:2018 2% 6 p fCEigAay B2 R KERARFREHE -
Table 5-1.3: Coseismic displacements of the 2018 Hualien offshore earthquake from
precision leveling.

ZLEL =R TR du Sdu
N670 121.4921 23.9656 -2.080 0.491
GE81 121.5051 23.9580 3.941 1.156
GES88 121.5249 23.9483 16.254 1.369
G979 121.5353 23.9450 20.737 1.442
9108 121.5430 23.9393 24.541 1.547
G978 121.5528 23.9382 25.646 1.562
G977 121.5533 23.9348 32.685 1.617
G976 121.5616 23.9314 42.329 1.663
G975 121.5702 23.9292 54.595 1.701
G974 121.5808 23.9258 85.294 1.751
G973 121.5915 23.9262 118.346 1.809
G972 121.5955 23.9252 163.631 1.826
G971 121.5999 23.9226 0.021 1.844
A003 121.6029 23.9243 5.031 2.401
G970 121.6040 23.9254 -45.513 1.861
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Figure 5-1.18: The coseismic LOS displacements from Sentinel-1of the Hualien offshore earthquake.
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Figure 5-1.20: Uniform-slip fault model of Hualien earthquake. Rectangles are the location of the fault
projected to the surface and the color represents the coseismic slips. Red star is the epicenter of the main
shock and the white circles are aftershocks.
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Figure 5-1.21: Comparison of observed and calculated DInSAR LOS displacements of the Hualien
offshore earthquake using uniform-slip model. Left figure shows the observed coseismic displacement

field; right figure shows the calculated coseismic displacement field.
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Figure5-1.23: Coseismic source model of Hualien earthquake. Rectangles are the location of the fault
projected to the surface and the color represents the coseismic slips. Red star is the epicenter of the main
shock and the white circles are aftershocks.
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Figure 5-1.24: Comparison of observed and calculated ascending DInSAR LOS displacements of the
Hualien offshore earthquake using distributed-slip fault model. Left figure shows the observed coseismic
displacement field; right figure shows the calculated coseismic displacement field.
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Figure 5-1.25: Comparison of observed and calculated descending DInSAR LOS displacements of the
Hualien offshore earthquake using distributed-slip fault model. Left figure shows the observed coseismic
displacement field; right figure shows the calculated coseismic displacement field.
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Figure 5-2.3: Coordinate time series of TUNM and PEPU stations. Gray lines represent the original time
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between four-day after and five-day before the earthquake.
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Figure 5-2.6: Aftershock distribution of 2018 and 2019 Hualien earthquakes. Circles are aftershocks of
2018 event while rectangles are aftershocks of 2019 event. White star is the epicenter of 2018 main shock
and black one is the 2019 main shock. Grey rectangles are the location of the fault projected to the
surface. Upper inset shows the location of working area. CMIF: Chimei fault; LDGF: Linding fault;
MLNEF: Milun fault. Lower inset is the profile of main shock and aftershock distribution. Black lines are
locations of optimal modeled faults.
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fault projected to the surface and the color represents the coseismic slip. White star is the epicenter of
the main shock and the white circles are aftershocks.
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Chapter 6: Conclusions and Suggestions

The continuous GPS data from nearly 500 stations were processed till September
2020. The periodic effects and postseismic deformation were also condidered. Besides,
geodetic data from 767 campaign-mode GPS stations and 29 precise leveling routes
and 1 sub-leveling routes were also processed in this project. Surface velocity field
relative to station SO1R shows that the SW Taiwan stations were mostly moving from
southeast to northwest. To the south of Tainan, stations were mostly moving from
northeast to southwest. In the northern Taiwan, the movements are from the south to
the north. In Yilan area, there is a rotation in the direction of the southeast. The east part
of Longitudinal Fault and southwestern Taiwan have a large horizontal velocity. The
west part of Longitudinal fault and Changhua, Yunlin areas are the main subsidence
areas, and the characteristic of Central Range is uplifting.

In this project, SAR images such as ERS-1/2, ENVISAT, ALOS and Sentinel-1
are integrated for InSAR time-series analysis as a method of observation of large-scale
surface deformation. Among the central Taiwan regions, the Changhua coastal area to
the south of Bagua Mountain and the Yunlin area to the south of Zhuoshuixi have
significant subsidence. The subsidence rate is about 40-50 mm/yr. The subsidence rate
is relatively small from March 2015 to February 2016. In the northern Taiwan area, the
deformation of the Taipei Basin is not obvious. The maximum subsidence rate is 9
mm/yr in the Taishan and Wugu areas, while the average subsidence rate on the west
side of the basin is 3-4 mm/yr. The Taoyuan Industrial Zone has the largest subsidence
rate, which is about 20 mm/yr. Another obvious subsidence area is located in the west
and south districts of Taichung City, with a rate of up to 20 mm/yr. During the period
from January 2007 to March 2011, the Taipei Basin was dominated by slight uplift or
motionless movements depending on the direction of the satellite in the past; in the
Yilan area, the direction of the satellite was significantly farther away, about 10 mm/yr.
There are two main subsidence areas in southern Taiwan, located in the Jianan area
along the coast and the Pingtung area in the south. Taking the continuous GPS station
SO11 as a fixed point, the maximum satellite-dependent subsidence in these two coastal
areas can reach nearly 30 mm/yr. The Tainan platform observed the largest uplift at a
rate of approximately 20 mm/yr. Among the nine active faults in this area, obvious

velocity discontinuities can be seen mainly on both sides of the Houjiali fault and
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Chishan fault. In addition, there are obvious discontinuities in velocity across the
Longchuan Fault and Fengshan Transition Zone, with a velocity gradient of nearly 20
mm/yr. The results of the ALOS analysis in the eastern Taiwan region from January
2007 to December 2010 show that the northern section crosses the Lingding fault
eastward as far away depending on the satellite direction, and the velocity gradient
difference is about 10 mm/yr. Crossing the Chishang fault has an annual velocity
gradient difference of about 20 to 35 mm, and there are obvious boundaries, which can
effectively extract the location of the Chishang fault on the surface. To the south shows
that there is also a velocity gradient difference across the Luye fault eastward, which is
about 10 mm/yr. The Sentinel-1 analysis results from October 2015 to October 2020
show that there is a significant northeast and uplift movement component near the
Milun fault. The rate of horizontal movement to the northeast can reach 20 mm/yr, and
the rate of uplift is 20 mm/yr. In addition, among the active faults in this area, obvious
velocity discontinuities can be seen mainly on both sides of the Chishang Fault and
Luyeh Fault.

For the fault model constructions, Taiwan active faults were selected as the target
faults . The results show that the weighted average slip deficit rate of Sanchiao fault is

1.0 mm/yr ~ Hukou fault is 1.1 mm/yr ~ Hsinchu fault is 1.0 mm/yr ~ Hsincheng fault
is 1.6 mm/yr ~ Shihtan fault is 2.7 mm/yr ~ Sanyi fault is 4.2 mm/yr ~ Tachia-Changhua
(North ) fault is 2.4 mm/yr ~ Tachia-Changhua ( South ) fault is 3.9 mm/yr -
Tuntzuchiaoi fault is 1.1 mm/yr ~ Chelungpu fault is 5.3 mm/yr ~ Tamaopu-Shuangtung
fault is 1.3 mm/yr ~ Chiuchiungkeng fault is 6.3 mm/yr ~ Meishan fault is 5.2 mm/yr ~
Tachienshan fault is 4.9 mm/yr ~ Muchiliao-Liuchia fault is 4.2 mm/yr ~ Chukou fault
is 6.8 mm/yr ~ Hsinhua fault is 18.9 mm/yr ~ Houchiali fault is 5.9 mm/yr ~ Tsochen
fault is 3.7 mm/yr ~ Hsiaokangshan fault is 5.4 mm/yr ~ Chishan fault is 5.5 mm/yr -
Chaochou fault is 3.2 mm/yr ~ Hengchun fault is 10.1 mm/yr ~ Milun fault is 7.2 mm/yr ~
Lingding fault is 8.6 mm/yr ~ Ruey fault is 12.1 mm/yr ~ Chimei fault is 12.6 mm/yr ~
Yuli faultis 15.1 mm/yr ~ Chihshang fault is 10.4 mm/yr ~ Luyeh fault is 4.5 mm/yr and

Lichi fault is 6.8 mm/yr. In order to reasonably explain the speed gradient changes in
northeastern Taiwan, this project also includes the northern and southern Yilan
structures into the analysis. The northern Yilan structure is 4.6 mm/yr, the southern

Yilan structure is 3.2 mm/yr.
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The purpose to adopt the geodetic data for crustal deformation is to understand the
activities of active structures. Continuous GPS station (¢cGPS) may collect the data
continuously. Therefore, cGPS has the best temporal resolution. However, the spatial
resolution of ¢GPS is poor, the campaign-mode GPS station (sGPS) is adopted to
increase the spatial resolution using the low temporal resolusion data. But both cGPS
and sGPS cannot provide good vertical deformation. The precise leveling is therefore
used to obtain high precision vertical deformation. Even though, all of these techniques
encounter the spatial resolusion problem. InSAR is then a good method to provide the
best spatial resultion data but only in Line-of-Sight (LOS) component. In other words,
GPS and leveling are still necessary to constrain the LOS deformation rate field from
InSAR, especially in Taiwan.

The coverage of cGPS in Taiwan so far is still not enough to solve the activities of
active faults. Therefore, the sites of sGPS are still very important for our monitoring.
However, we propose two plans to improve the shortcomings of sGPS. First, the low-
cost GPS instrument can be adopted to construct the cGPS at the sGPS site. The low-
cost GPS instrument can receive the dual-frequency observations from four satellite
systems. It therefore can provide a reliable coordinate even though the site is located at
a poor skyview place. Second, a semi-fixed station could be used to replace the sGPS.
The data from this site has better coordinate precision than sGPS site and it could be
upgraded to continuous station in the future.

Based on the long-term leveling observation, we notice that the temporal elevation
change is high without earthquakes at some leveling routes. However, from the leveling
time series, the trends of those benchmarks are reasonable. In other words, these high

variations may be reasonable. The reason to cause these high variations is still not clear.
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