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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. The main target area in this year is eastern Taiwan. 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 removing
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 addition to the past acchivements of eastern Taiwan by using ERS-1/2,
ENVISAT and ALOS radar images with PS-InSAR (Persistent Scatterer
Interferometric Synthetic Aperture Radar) technique, the analysis also includes
Sentinel-1 images from April 2015 to October 2020. In this analysis, the different
temporal baselines of 12, 24, 36, 48, 72, 96, 192, 288, and 384 days are considered to
mitigate phase changes caused by atmospheric effect and soil water content and
ionospheric interference. At present, the completed 1040 ascending interferograms and
867 descending interferograms are used to obtain large-scale surface deformation
velocity fields in eastern Taiwan. The good correlation of time-series of PS-InSAR and
¢GPS could provide the spatial-temporal deformation pattern of recent crustal
deformation. For the fault model constructions, 8 active faults were selected as the
target faults in eastern Taiwan. The results show that the weighted average slip deficit
rate of Milum fault is 6.9 mm/yr; Lingding fault is 9.7 mm/yr, Ruey fault is 11.9 mm/yr;
Chimei fault is 8.0 mm/yr; Yuli fault is 15.4 mm/yr; Chihshang fault is 9.4 mm/yr;
Luyeh fault is 6.9 mm/yr and Lichi fault is 6.2 mm/yr. The uncertainties of slip deficit

rates in eastern Taiwan is relatively high.

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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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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Figure 1-4.1: Taiwan horizontal velocity field relative to Penghu Paisha station (SO1R).
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Figure 1-4.2: Taiwan vertical velocity field from 2002 to 2019. Warm-colored triangles are uplift while
cool-colored inverse triangles are subsidence. Size of triangles represent amount of velocities. Precise
leveling benchmarks are in dark frame; campaign-mode GPS sites are in green frame; continuous GPS
sites are in red frame.
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B 1-4.3:ERS(1995/4~1999/9 )( = + )~ENVISAT(2004/6~2008/9 )( + + )~ALOS(2007/1~2011/3)
(Z2T)AMFE >t ET 8 F (E- mmiyr)o 557 & A& & %00 FE 3 » HiT
Ad RN AR AR S e 2 YL@ GPS Blxk S0Ilc = &L F e Y
GPS b= e BHPIMFL > » o XY tigr LE v Bdo Wi THpm ™ HE 50K
TR AR R B R o
Figure 1-4.3: ERS(1995/4~1999/9) (Left figure) ~ ENVISAT(2004/6~2008/9) (Right figure) ~
ALOS(2007/1~2011/3) (Lower figure). 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. Triangle
represents land uplift; while inverse triangles represents land subsidence. Arrows represents horizontal
velocity field related to reference point.
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B 1-4.4 : SENTINEL-1 # #.82 if (2015/10~2019/9) % *% # @’ i (2015/4~2019/9 ) A firk = = +
T g (Hix mmiyr)esd k& e L RA0RFE S w74 K AR AR
AR ki 2 B2 GPS RSOl = £33 Py GPS == ‘aw 2P I A
FhE o o XY A LE e B A T A 0 B kT @ R S B
B oo

Figure 1-4.4: Slant range displacement rate of the processed PSs (mm/yr) of SENTINEL-1 images (asc:
2015/10~2019/9) and Slant range displacement rate of the processed PSs (mm/yr) of SENTINEL-1
images (des: 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 continuous GPS station SO11. Color-coded triangles and inverse
triangles represent projection of 3D GPS velocity to LOS direction towards to satellite. Triangle
represents land uplift; while inverse triangles represents land subsidence. Arrows represents horizontal
velocity field related to reference point.
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Figure 1-4.5: 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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(a) (b)

(c) (d)

] 1-4.6 : SENTINEL-1 (asc: 2015/10~2019/9; des: 2015/4~2019/9 ) p#4p > (a) &%= ¥ %7k » 45>
GPS |z GS42 4p #1432 GS43 2 H % [F] 500 2> & A A Sg4 BT 30pE 5 7] 5 (b) A-$F3T1C 87k &
17 > GPS ipzk S106 4p#+>> GS29 3 H % [F] 500 =~ = X A $784 BT 30 R 5] 5 (¢) 44487 2
g7 A 45 > GPS iBl=k GS31 48 %3+ GS30 2 H % [ 500 2 = A A gSBET 30 R 7 5 (d) 444
LT R & 45 0 GPS Bk LIKN 4p $3° AKND 2 H % [f] 500 2 2 X A 475 gL 5apE R 7Y o %
§NFd R id SGPS= e ERAS; 24 5 GPSHEPFIARFLE > % 0§ ¢ > 3] 5 PSInSAR
PR R o

Figure 1-4.6: SENTINEL-1 period (asc: 2015/10~2019/9; des: 2015/4~2019/9). (a) For Liuchia fult
analysis, comparison between PSInSAR and time series at GPS station GS42 relative to GPS station
GS43. (b) For Hsinhua fult analysis, comparison between PSInSAR and time series at GPS station S106
relative to GPS station GS29. (¢) For Houchiali fult analysis, comparison between PSInSAR and time
series at GPS station GS31 relative to GPS station GS30. (d) For Chishan fult analysis, comparison
between PSInSAR and time series at GPS station LIKN relative to GPS station AKND. 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 1-4.7: The total slip rates of BLOCKS model.
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Figure 1-4.8: Long-term fault slip rate and deficit rate of DEFNODE model.
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Figure 1-4.9: Fault slip deficit rate of baseline inversion model.
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Figure2-1.1: Time series data of continuous GPS station SO1R processed by GIPSY-OASIS (blue) and
GIPSYX (red).
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Figure2-1.2: Time series data of continuous GPS station CTOU processed by original RINEX file (red)
and reconvert RINEX file (green: GIPSY-OASIS, blue: GIPSYX).
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Figure 2-1.3: Stable velocity, coseismic offset, post-seismic exponential decay and seasonal effect in
GPS time series.
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Figure 2-1.4: Horizontal velocity field with respect to to SOIR from 500 continuous GPS stations

calculated by removing coseismic deformation, post-seismic deformation, periodic motion, and unusual
data by September of 2020.
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Figure 2-1.5: Vertical velocity field with respect to SO1R from 500 continuous GPS stations calculated

with removing coseismic deformation, post-seismic deformation, periodic motion and unusual data.
Circle indicates the size of error of the velocity field.
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Figure 2-2.2: Taiwan crustal deformation monitoring network. Grey circles are campaign-mode GPS
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yellow star is SOIR continuous GPS station. Red solid lines and blue dashed lines represent the active
faults reposrted by the CGS.
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Figure 2-2.3: Velocity estimates of the survey GPS sites in the north, east and up components.
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north, east and up components.
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Figure 2-3.21: Elevation change of the Hsinchu-Emei leveling route. 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. HCUF is
Hsinchu fault, and HCGF is Hsincheng fault.
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Figure 2-3.24: Time series comparison between leveling bench mark B283 and continuous GPS station
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Figure 2-3.26: Elevation change of the Da’an-Dongshi leveling route. The upper left is the elevation
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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.

80



2-3-5-3% 1 - Fipm

FALI- GRRAREEPNEE LI 2T 320053 2020 £ £ ET
16 = efsip]» 3 & 5 BV ETE L Rlend A LR IR L A% 0 A RIS GPS
i =k CLON 2 &8

F (-14.8mm/yr) > T 5 X412k k&t GC85 4p ¥+t GPS
Blxb SOIR 2- &% i & (B 2-3.50) -
PR B 2-3.51 3% P14 2007~2008 & F 2. B 425 1+ &2 H s pFEL(2005~2007

& ~2008~2010 &) 7 k> 5272008 £ 8 ' 4o B h (NURI) 2 % & F B (¥
SFEPR D 8/19~8/21 5 K Bp| B B 1 9/04~9/09) o VTR & Bz £-F @ R
PR Bk BiE-20.0mm/yrs @ BTE L RI2 22 p 2 i LB R RE A
-0.2 2 1.0 mm/yr 2 [ o
CLON - GC85

120F o £

80t o o :
= O 2 )
E > R
=} -40F - 5 2

_gol - o] &

-120F =

2005 2006 2007 2008 2008 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year
B 2-3.50 : -k #EBL{> GC8S 27 Fxk CLON 2 P B 7L i > ?‘HBEE 054 22 o

Figure 2-3.50: Time series comparison between leveling bench mark GC85 and continuous GPS station
CLON. The distance between two stations are 0.54 km.

81



Elpvanon ()
~EBE588

©

Vertical Vielooky immyyr}
@

1205 e -2 ] 2 4 L] 8 10

10-9 fS-pmu_sipziJr:n

V//,_, (Sop 2013 - Sop 2012) :
- { 14-13 (Sep 2018 - Sep 2017)
18~ 7 (Sep 2012 - Sep 2011) |

\\/_ SR Py i

12 11 (Sop 2016 - Sep 2015

Elev. Ch. (10mm)

5 - 4 (Sep 2009 - Sep 2008)

4 -3 (Sap 2008 - Sop 2007
/:‘. 2 (Sep 2007 -
E?— ! tSwé‘OObSeN\‘-’;-W
-2 /] 2 4 L] e 10+

Bl 2351 @43~ BRAKEZAL R T HF R ZBLEVELE TFLRZEFFLIR
2o RET oA oo THEY FBAR AL 10 mm Rt E o E p AR TR E A
Bk o L RPN LT UEE 26 2 gL o CCUF 5 W Erk -

Figure 2-3.51: Elevation change of the Jiadong-Qijia leveling route. The upper left is the elevation
change, the upper right is the avarege vertical velocity in different time periods. 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.
CCUF is Chaochou fault.

s.,m;

82



2-3-6 54 5 B M Bk E RS

2-36-115% 6 43 5 i B-kRR

% J\—?? FLESERE > 5 ha S I i &-KpIAR GPS i 4k HENC 2z
WP i F (23 mm/yr) > B3 2010 # 28 & F (-7.0 mm/yr)

-—

\

2006 &
2 2010 # % 22 42 % (-1.3 mmiyr) > i£% 9418 ki G670 4p %>+ GPS
Blek SOIR 2 #-% 3¢ 5 ([B] 2-3.52)c AMRIARI E BTG HH S © FEsLipl £ 2
%%(&Wﬂéﬁ%’ﬁéﬁﬁﬁﬂ

d Bl 2353 881 > APER AR KRBT A g A EY 24 L 2002 & 37
32006 # 12 % ~§FS L2006 & 12 7 3 2009 # 10 % ~ ¢ 5 2009 £ 10 * 3
2015 & 8% ~ %4 % 2015& 8% 3 2020 & 4 !

o

2006 & 12 7 26 P2 AACR L BEBENELF 2 AL KARHET0
B (P F R RARA %HELY 95106 552 ¥ 05107 %L) > i A n L ¥k A
RI** 2006 & 8 7 T 2008 £ 3 VG MAESL c5hF S# 3
o B b B R 63 0 mme Flpr i 2 B E LS LRET AL A

Folpps Y Ra Br Rl REAEHZEE-
HENC - G670

105F

70}

35

Up (mm)
L
i

| |
| |
[ |
| |
| |
[ |
| % |
| sl
| [
| |
| |
| |
| |
| |

~'%%67 2002 2003 2004 2005 2006 2007 2008 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2079 2020 2021
Year
B 2-3.52 : kB> G670 i =k HENC 2 PFRF B b fi > & —“Ff#BﬁF: 0.1 =2 o psus i
2006 # 12 " 26 piH» R ~2010 # 4 7 2 pERFARE 2015 F 8" 10pERFAR
Lo
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
Hengchun earthquake, the middle one is the April 2nd 2010 velocity change event and the right one is
the correction of August 10th 2015 velocity change event.

83



NBO°W . . . . . . . S8u’E

Elevation (m)

22°30'

o
b4

20 ®2015.8-2020.4

16 ®2009.10-2015.8
E I ® 2006.12-2009.10

g ) X ©2002.3-2006.12

Vertical Velocity (mm/yr)
o
2
\
i
w
8
3

22°00'

120°'30' 121700" N80*W Distance (km)

g
2

HCNF

wero 11— 10 (Apr 2014 — Apr 2013) 17 - 16 (Apr 2020 — Apr 2019)

- eans [ ]
= "S'ZW B e B e e el
| G670
;

10— 9 (Apr 2013 — Apr 2012)

L L L L L L L s L L L

-»\..._/”'M 9-8 (Apr2012 - Apr201t) G o 15— 14 (Apr 2018 - Apr 2017)
R et - ’—\WW

MN,\ 8-7 (Apr2011 - Apr2010) [ A PRI, . NP FP
e e = —— ety

14 - 13 (Apr 2017 - Apr 2016)

- S W IR S S
16 - 15 (Apr 2019 - Apr 2018)

7-6 {Apr2010 - Apr2009) 1 A 13 - 12 (Apr 2016 - Apr 2015)
[ WA‘A\(""(‘\/V‘ ——
6-5 (Apr2009 Marzaos) = 12-11 (AprZUTE Apr?ﬂ'!d)

0 2 8 12 16

Distance (km)

5—4 (Mar 2008 — Aug 2006)

Elev. Gh. (10 mm)

4- 3 (Aug 2006 - Jun 2005)

s L L s s L s L L

3-2 (Jun 2005 - Mar 2004)
A
\‘T 'W.vj;—'» (Mar 2004 - Jan 2002)

T T T T T T T

-2 0 2 4 6 8 10 12 14 16

Distance (km)

M 2353 4550 S8 T B8 RRSKEFRECH P pls BB E S TP LR E
PERF A B2 R Tyedn ik %o 2% 2002 - 2006 & '}i%iw ;a;aa' LR~ FI 5 2006 - 2009
ERE LR *;E%gﬁf_ﬁ‘s‘ifi ~ikd 52009 & 10 2 2015 & 8% ~%d 5 2015 F 8 3 42
EER TR ERIFIFAY IR E fﬂf?'!)ii*‘% 10 mm % i+ & o :E.)ifﬂﬁ%-ﬁla%%
Figasr MG Y o B WL 94 30 2 BE4L - HONF 5 25 %74

Figure 2-3.53: Elevation change of the Hengchun-J 1aleshuei 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 2-3.55: Time series comparison between leveling bench mark G656 and continuous GPS station
GS85. The distance between two stations are 0.1 km. The dashed line is the correction of August 10th
2015 velocity change event.
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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 2-3.62: 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
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Figure 2-3.66: Elevation change of the Gengfang-Dongao 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 10 mm. Vertical dashed lines indicate the location of active faults. X-axis is the distance
projected along the fault-perpendicular profile. ILNF is Yilan fault, ZSHF is Zhuoshui-Lishan fault,
HMSF is Hsiaomaoshan 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.
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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.
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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
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Figure 2-4.4: Vertical velocity relative to Penghu Paisha (S01R) 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.
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Figure 2-4.5: Central Taiwan areas GPS horizontal velocity field relative to Penghu Paisha (SO1R)
station. The left figure is the velocity field from 2004-2013; while the right one is from 2013-2020.
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Figure 2-4.6: Vertical velocity relative to Penghu Paisha (SO1R) 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.

The color ramp represents the horizontal velocity from 2002-2020.
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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 2-4.12: Time series of GPS campaign station G643.
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Figure 2-4.13: Vertical velocity relative to Penghu Paisha (SO1R) 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

color ramp represents the horizontal velocity from 2002~2020
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Figure 2-4.15: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002 to 2020 in Eastern

=H

i

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 2-4.16: Yilan areas GPS horizontal velocity field relative to Penghu Paisha (SO1R) station.
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Figure 2-4.17: Vertical velocity relative to Penghu Paisha (S01R) station from 2002 to 2020 in Yilan
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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 2-5.1: Vertical velocities relative to Penghu Paisha (SO1R) station in Taiwan from 2002 to 2020.
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Figure 3.1: SAR images used for crustal deformation of the eastern Taiwan.
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Figure 3-1.1: Correlation between deformation along the LOS directin from PSs of ERS images and
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Figure 3-1.2: 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.
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Figure 3-1.3: Correlation between deformation along the LOS directin from PSs of ENVISAT images

and continuous GPS stations.
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Figure 3-1.4: Slant range displacement rate of the processed PSs (mm/yr) of ENVISAT (2006/3~2009/6)

22°36'

(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 3-1.5: Correlation between deformation along the LOS directin from PSs of ERS images and
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Figure 3-1.6: 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 3-1.9: 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 3-1.10: Abnormal fringe observed in short-term temporal baseline in Central Range area.
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Figure 3-1.11: Slant range displacement rate of the processed PSs (mm/yr) of Sentinel-1 ascending
images (2015/04~2020/04). 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.

140



S1-DSD-PSInSAR(2015/4-2020/10)

23°

-30-20-10 0 10 20 30

megn LOS(mm/yr)
40 mm/yr ;‘ihﬁ

121°00' 121°12' 121°24' 121°36'
B 3-1.12 : Sentinel-1 * #18% f (2015/04~2020/10) ifFh = % + & T30 6 £ (¥ = mm/yr)-
B AR AR A BUREEE S e it A AR AR AL S e R 2T LR Y
GPS if|: FLNM » = 425 5 s I P¥ ) GPS 2= i BRB I AL 9 o X4 7 23

wR A NP T T B KTE RSEH AT RS R S

Figure 3-1.12: Slant range displacement rate of the processed PSs (mm/yr) of Sentinel-1 descending
images (2015/04~2020/04). 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 3-1.13: Correlation between deformation along the LOS directin from PSs of Sentinel-1 images

and continuous GPS stations.
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Figure 3-1.14: 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 3-1.14 (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 3-1.15: 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 3-1.16: 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 3-2.1: 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 3-2.1(Cont.): 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 3-2.1 (Cont.): 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 3-2.1 (Cont.): 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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and red point represent three directions of time series of GPS respectively. Black point represents
transferred GPS velocity from 3D to LOS direction. Red circle represents time series of PS-InSAR.

Locations of GPS stations shown in Figures 3-1.8 and 3-1.9.
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Figure 3-3.2: 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 3-3.3: 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 3-3.4: Comparison between PSInSAR and time series at GPS station JPIN relative to GPS station
JULI 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 3-3.5: 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.

159



3-3-4 U
B 3-3.6 GPS 2 ik PR R 7| % % 87 - RIFETA L ) GPS |zt LONT 4p

8Tk & R S105 £ 8 T 35w & A 3 =8 > F 1 8 4452 305 0 PS-InSAR

SHPERE B 718 GPS s [ A 7l4p § - X > " #Len PS-InSAR ¥ r2 g 2 £ 2018 #
TER REIEY - KRVAAT R > 282 v IR K THESR -
40 T T T T
£ I
E
e OF n
2.20_ -

I I 1 1
15 2016 2017 2018 9 2020 2021

East (mm)

A i -
: -““‘-"Nﬁ.{@_

ot

1 1 1 I
15 2016 2017 2018 2019 2020 2021

Up (mm)

1
15 2016 207 2018 209 2020 2021

ASD LOS (mm)

8 3 o 3 Byt 8 o 8B 3 2883 o3BEM 83038 8

DSD LOS (mm)

- L L ! ! 1
33315 2016 2017 2018 2019 2020 2021
Time (year)

] 3-3.6 : Sentinel-1 (asc: 2015/10~2020/10; des: 2015/4~2020/10) p&#p GPS Pzt LONT #p %43+
SI105 % H % F] 500 2 % R AFMBETIOFEF RS c %¢ ~FI 2 2d A GPSZ 3 @R AT
2d 5 GPSHEIMRFEE v oF ¢ >4 5 PSINSARPFERF & 71| »

Figure 3-3.6: 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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Figure 3-4.1: Comparison of PSInSAR average velocity field and GPS average velocity field of Sentinel-
1 in southwestern Taiwan. a) Ascending orbit LOS velocity field and GPS projection to LOS velocity
field, the reference point is GS43. b) and c) are the comparison diagrams of the LOS velocity field and
GPS LSO velocity field of the ascending and descending PSInSAR at the GPS position respectively.
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Figure 3-4.2: The image coherence of Sentinel-1 in the eastern part of Taiwan and the southwestern part

of Taiwan.

163



Bl 3-43: 2 %0 a g oA ANFHERR R (a) o BT MBEFFHiERBMEF oL
gek BN o(b) FAFAINFHERR > 2 EFERLTF EF -

Figure 3-4.3: Comparison of interference fringe patterns between southwestern Taiwan and eastern
Taiwan. a) The pattern of anomalous interference fringes in southwestern Taiwan has a long-period
change from northwest to southeast. b) The interference fringe pattern in eastern Taiwan is not easy to

identify whether there is an abnormality.
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P ARV ERRELEREUNHE Foo 5 AR A N Dk B A
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BLrh S gY L TR Bt T SR R B s RORR BT
PEARRARL AT ELEE S RHE Y BN R L R £

B (2 4-11) BE2Z8E P flichdEp F4o7F o

Fo4-11 0 AR R ETE 2 B Sl o

Table 4-1.1: Geometry parameters of active faults in eastern Taiwan.

h A M4 (degree) | %7k AIVEAR (km)
1 & Tk 65.0 E 0.0-10.0
2 2R TR 65.0E 0.0-27.5
3 AT R 65.0 E 0.0-27.5
4 SIS ) 80.0 E 0.0-25.0
51.0E 0.0-10.0
5 12 Ek
T b ETR
¢ ek 60.0 E 0.0-20.0
250E 20.0-25.0
OE .0-5.
; 5 0k 30.0 0.0-5.0
TR R
55.0 0.0-22.0
8 | £ %7
=5 40.0 22.0-27.5
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FRAFABRRATE GSER(FLETA G ¢ B (Fl4-1.4) iFR o 301 3y
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Kep Utk oo RREEF (MG > 2013)-

Figure 4-1.1: 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 (F % ¢ » 2013).
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Figure 4-1.2: 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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Bl 4-13: 7%iEx % 2012 #3 2017 £ BRE 2 iFRING « ZRIZELE T2 RLAF R + B
» C-CRIa ¥ RORFFRL T2 Vp~ Vs ik Ripgdle > 9 B85 & ~ 2012-2017 & M > 2 <0
$E o RELL 2018 & 2 ik 2 (Wenetal,2019) -

Figure 4-1.3: 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 M > 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 4-1.4: The geometry of Milun fault system.
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Table 4-1.2: Various survey methods and fault parameters of the Milun fault geometry
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Figure 4-1.5: Resistivity profile of the Lingding fault. The profile location is located at the 04E-YMI-

SFO1 in the above figure.

172



B4-lo: ChEB Wk ~EEAP (3lp 2225 52004)
Figure 4-1.6: Geometry and segmentation of the Longitudinal Valley fault (Lee et al., 2004).
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Figure 4-1.7: 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 4-1.8: 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 C03 velocity cross section. (Down) The middle section of Longitudinal Valley fault locates at the

CO02 velocity cross section across (modified from Kuochen et al., 2012).
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Figure 4-1.9: My, 4.7 earthquake sequence on December 19, 2009.
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FoA4-13 1 HTRETR XA FAp B 2 ;Fﬁe o
Table 4-1.3: References for the geometry of Lingding fault.

¥ pr =k g iR (km)
FIEE > 2004 BRIED G T AR |-

Kuochen etal.,, 2012 | CO2 i# A Hig 3|5 2 ¥ RA# | 65E 3002 2%
Shyu et al., 2016 2009/12/19 MLA4.7 & & & 7| 65E 20-40

o414 SRR B R Tudn b2 e -
Table 4-1.4: References for the geometry of Rueysui fault.

< 3 4 R (km)
1991-2002 2. hypoDD ¥ %t~ | 025 22 75 &
Kuochen et al., 2004 FiE40 22
Hochen et at, WAL 2540 22 145 R |
Kuochen etal., 2012 | CO2 i B g 3], % & RAF | 65 & 3002 2+
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Chenetal. (1991) ** &g siT M- # 2 4%k 258 (B 4-1.10) %7k &>
DATE P HE o ETA AL 5 NAOE/BO B #7k & 55 1 2 ¢ o gt v g~ % (2009)
g AP ERHITOEERET 3B LUK DR MELE DL P

B ~LRKRT AT K oo B e 2 5 N70-80°E/70°S » #7k A ¢ ¥7a £
Rk & (rake) ~ B 5 80°% 16°> Z i L =B A8 c AFEF EHL
G FEERBIEAETLI PH AL TR LR (B 4-1.11)-
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Figure 4-1.10: The outcrop of Chimei fault near Fengpin (Chen et al., 1991).
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Figure 4-1.11: The outcrop of Chimei fault at Hsiukuluan river, southeast of the Chimei village (£t =

£ 5 2009).
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Figure 4-1.12: MT resistivity section in Tailin area (&£ G i % > 2005).
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Figure 4-1.13: Fault geometry of the Rueyshui fault and the Chimei fault.
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Table 4-1.5: References for the geometry of Chimei fault.
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Figure 4-1.14: (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 4-1.15: (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 4-1.16: (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 4-1.17: 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 4-1.18: Tectonic evolution of Pinanshan Conglomerate.
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Figure 4-1.19: Structural model of Luyeh fault and Lichi fault (& 5 > 2007).
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Figure 4-1.20: Structural model of the study area (% 7 &% > 2007).
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Figure 4-1.21: (a) Location of seismic reflection line (07P-LYHF-LT-1) in Luyeh, (b) Interpretation of
shallow seismic reflection profile.
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Figure 4-1.22: 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 S01 velocity structure section

of the southernmost section of the longitudinal valley fault (modified from Kuochen et al., 2012).
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Figure 4-1.23: (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 4-1.24: Luyeh - Lichi fault system geometry.
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4-2 BLOCK S 7 #3

4218k WA RE S # * S

s R B3] 5 Meade ¥ Loveless #7 B 3 <7 Block Model ( Meade and
Hager.,2009)> i & &3t 8 RIZ L B-F 4R 5 2 87k (T 5 B 273l @ = gl
Ik AFRIFAEE G B ER L N RETLEWEFHE R RS AR PG
B R EEE Gy AREERPITVREFEND  ApH AL D T
(Dislocation Model) » Block Model ¥ 12 # % % it fﬁf_ METR A e 8RR gt

L

B > = Block Motion ¥ 4 g 542 " > &Y £ F L v

R
e

BLOCKS %74 i #:# F ot A=t 2 A0 B R 3R~ ikrk 2 5 5 0
FOBETR TR R SRARETRE - S E A R K RITETA - fIE W R
T REUTR E o LUTA TR Y Slichot TR 2 TR R M A A B A B P 21 f2 AR
A 2 B RALRF a LU EA B ESIR ST P 2 FRANT 4
BER TR R RS RRSEETR P RTR AR TSRS A
RA#HSPARIErFHEFEA v FHES - FLFSEFAL9H -

A d AN ek £ d v BEARE I 0 A % 5 NCOR ~ PHSP ~ LVFD -
YULI $.88 > FHHERETE ¥ 0t f o 7 st Bl k- 2 (AR
112.924 > 31.867) » & *F FIHE37 5 AP %7 #+ 2 588  H ¢ 235 % 4 € %4 (Shyu
etal,2016) 3 4 » =~ EETE ¢ o BN B UTR A A e b H 5 L B ERH
BlP M REAET ¥ iRk Y A S A DETR R BY N
¢ MEAET 0 d L B ETRE AL TRIFE AR S ReT A (B 4-2.1) 0

PAEYPREFETREY GPSERF LT 0 A X BBBFATHRER 1161
b B ek BE(B 421 ) plabd BIR LR S 5 2016 & 2019 &>

AEFEEIEENG TR 2R AR
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Fé MEART 2 4w i 4 U7 A £ 4 & Strike Slip Faults Velocities 2. ¢ Ff o % & # g B35 5
ARIT 1161 5= < Fp#7de sz 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.
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4-2-2 8k B S %
RACRRY o R ARG N B UER TR MARE - b X E0R -
BOEETE C REECE ~ JIF UK 2 LUK A e BB R S L kT o 6 of

Bk Bl A BB 5 A s 5 8K o 5 BLOCKS e+ & > 87k o &

<

ABETEFESE S S Rdod 421 A e fHESFY o L ERT S B0 fES

LR AR FBESFY B A SR f B AL - AR %

b
%

FETR AL LB BB TS E o Ae L TF S L kA

g

—

I

=

Rt rBl i B- R ¥ L 2B GEFEFHH -

B BETR > 4 UFR 5 100 km L ¥ 65.0° 5 A BT A AR F
I e HA 2 0 lmmyr T 8 F Y L 72mm/yr (B 4-2.2F) 4-2.3)>
Foot B ETR RS S L 102201 mm/yr (£ 4-2.1 ~ B 4-2.4)

LR TSR > Bk [ ATATR ROVECR 0T &K R K A W R 5
LM 65.0°  FRPM A 27.5kme H = % > e g B8k ] 5 47mm/yr
e EERHD 106 mm/iyr (B 4-2.2); @ 4% FHEFLRTIE N5
mm/yr> B 605 Bos - P B2 6.7mm/yr 0 B S ¥k ¢ 2 7.7 mm/yr (R
4-2.3) 0 TR Tk LR R e FEAAS ke - | ERKEEL 125 mmly

(0 4-2.4) =R FHEF 5 9.9+1.0mm/yr (% 4-2.1) -

As gtk > R TETR B A AT E R AR L R RN M
FHEET T M EREERS X2 EBMARZL 112mmlyr &) 5 il
2 3 B 64 mmlyr (B 4-22): a4 F#E X055 7.8mmlyr > & 5 B
J gz 67 mmlyro (Bl 4-23) 0 ABBEE AFFR E > X Bt 130
mm/yr (§] 4-2.4) = FEMAFHE F 5 109512 mm/yr (£ 4-2.1) -

e R EE LT SRS ERTE T S L ==Ll ety
B LM 600" 8 TFAE S 20.0km > = k3o B LR EHFLLEL > AL S P

FEGANAE A L BREEA LG B Bl B3 32mmlyr B+ B 5 215
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mm/yr (B 4-2.2); & 4w FAHE FEFA B ALY B st R 5273
11.8mm/yr 2. fF (§] 4-23) # 1+ &7 &2 & do~ E a9 K5 23.3mm/yr>
Bool B g ? BTN 42 mm/yr (B 4-2.4) FEREETE WIF A @ 55 13.9563
mm/yr (% 4-2.1) ¢

BERETR T T H AUk o 4 RFR S 25.0km L #E 80.0° > & RN

&
&
]

ok AR EL e B2 133mmlyr ) 5 A B2 8.4mm/yr( B 4-2.2);
A e R AESIRARTIE E E5L 33mmlyr (B 4-23) & &2 & &
< B 128 mm/yr (B 4-2.4) & FERAFHE S 5 11221 5mm/yr (% 4-2.1)
s IEEE > 4 UER S 220 km & 5507 0 & %0 e B A
FFAiBEREITF AR A NETECEETE  AMrEKEED 84mm/yr L i
M3 9.8mmiyr: & BB & 4.0mm/yr MR o FBo] B 5 4TS ¢ B 2.4 mm/yr (B
422)s A Ae F A F RN RE EAY R FHEEY S 87T mm/yr o B
JEE 7 7mmlyr o Bt B R 7.9mm/yrc 3= RT3 E 95mm/yr ([ 4-2.3)
& w7k . BEF R B B K 125mmlyr B B AT kAt 9.9
mm/yr (§ 4-2.4) > EHEE LFAE F 5 110611 mm/yr (£ 4-2.1) -
PR T F T R - AR A HRA T S R s L
30074 TiF AR G S.0kme BB S R B A A 2 F A RIDS A 4.4-4.6 mm/yr
224 (B4-22) A e AR 5 LR iy EEE ER A 44-4.6 mm/yr
2 s (Bl 4-23) RBSERFRFEEAY TH95 64mm/yr Soa B &
B R 6.3mm/yr (Bl 4-2.4) 0 FERBETE RFMSE S L 6.420.0mm/yr (# 4-2.1)
22U R FE S 100km L #5107 % FEMA 2> AR BEE AN
HEEEAS AR ZHEETEL 52503 mm/yr (B 4-2.3) e fAE 5 L5
3.2+1.0 mm/yr (8] 4-2.2) > FREETE RFHE F 5 62+0.6 mm/yr (£ 4-2.1) -
AT g 3 & GPS w2 ok T R SRR ] SR ST A AL
TER S TRIA25 FAK SHANN FEAISEER O+ 23 REHERS S o

PR MR I E R R AR R e RIS AR R
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FHFEER) D FPRIFEREDRE  FHT LR P R LR 4
PR N BT A TR RS BT RS R4 B R E L B 0 BOF
WEHRE AT R @ RSP R 4eiE B2 RMS & 5 19.143 0 354 B

iR o

2

SRS T Y R 2 RS R AR E B Y AR B F BT BT TR LAY
PR E R P A R A RS FRA - i‘f¢%7%%
BlAg A v B s 2 SR L 0 FRIH S 4R ¥ 2 GPS
HHEFFEBEE R EREERIRERS FF AN REENEE X%
FAvE W fER U W AN A M 2 FRER (R - F Al
PIsZ A HBE T 7 & I AB A 3005 % 4 o @m 2 S AT RS 2 KA B B B
Bibo r o2 $TR BTHAES % Bt A T - IR R

A SAAER R Y KA AR AR FBA R RN FBA R

Bz A Ae B ER > B9 54 2 Shyu et al, 2016 © gip ke o @ S ARETR - i
LETh 2 e FREANAREBEE TR E ST A G R

ETIRS

PIEEE 2 S A A FRAE AN HEw B AR a*i*?%?ﬁi
SRR o d N ATRAEFL TG - PRAT 3 AR B L WAL
B LR FICHEERRGE DR R B B RBEF FPALL T E o RS R

e rigo
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4 4-2.1:GPS it B HH# S %2 &

pEL LB A e RBERY D@

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.

4!~

GRS EF B FAFEFDL EA 2B

RIpUTh 0 f A DK -

S #cIE P 2020 BLOCKS 5 4 & 3897k ficge = &
T fR g | T FBES | AEHBEF
U AL (‘s.s. mm/yr ) (d.s. mm/yr) (mm/yr)
R 7.240.0 7.2+0.1 10.2+0.1
Ap TR T A 7.5+0.3 6.2+1.7 9.8+1.0
T ARETR 7.6+0.5 7.8+2.0 10.9+1.2
LS 3.3+0.0 10.7+1.6 11.2+1.5
3 2 BTk 5.2+0.3 3.2+1.0 6.2+0.6
i . 8.0+3.4 11.3+5.6 13.9+6.3
I g7 4.5+0.1 4.5+0.1 6.4+0.0
F1 & ¥k 8.7+0.9 6.1+3.3 11.0£1.1
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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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Bl 4250 SRR A S E IR 2 ARSI FHRA S RELEL 10143 24§
A5 FAE R RLERF A ERIAMER 2 FF AR EARTE o
Figure 4-2.5: The results of GPS velocity field modeled with 1116 GPS sites velocity field which the
standard deviation is 19.143. 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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4-3 DEFNODE # % #-%

4-3-1 %7k 53 R ié * ik

ZA gt w IR g A o L2 B AR g E d 0 ¢ @ R Rl Y R
Ao ek hasta 2 AT RS DRRL R L o W BAET R
B b T AR LA BRRVRER R R E Y Y it SR ST
SRR 38 0 4o GPS 2 CRERIE o BRIETA B Rl AR ¥ £ A0 F o

#7354 Rob McCaffrey # ! #h= @ 3i48 3] DEFNODE (McCaffrey,
2005) ke {TETA IR S F M@ 5 2 B SR S e & o DEFNODE § L Bk = %
@7 A g8 =20 A B d Al (block) i ft b o Chingetal. (2011) ¥ #-4 4+ %
BiEL B UTEAR G BB ER > B A0 B REET AR S e BE R
Aj o AFEF EHE TN A 2012 & S BEEE =8 (B 4-3.1) 4

TR R SETA (2 43.1) EHE AL R aBALE R - S

P

BEMAMAF AR SR T AL 17 LVFD ~ NCOR %548 1 i A
LR S W Sy TR R

Fi#* EURA #i 248 ¥ R 3 6t 27 g 5t 4

&
P
g
) -—
~=h
T\

B>k T g B 240 %20 EURA k| 8% #7i¢ & » DEFNODE 7 rz gt
PE LA PR ES LR 2 S LR ) L L SRR DA S
R BB S ok 2 b TR BRGE R R i LR TR B S
s F SRR HCA] T T 2 L TR BB chiE BT 30, T ] L i
TioE 2 RR L o d p ¥ S FURETR G AR 4 F R T 0 PAriE g
FHELe GAPEI S -
dR 4317 g FEMER BT I ok L TR MR- ko oA LR
BAEERIRLL T R EHMER ) Pl R R oW 2R
OB A M T AR B ETR G AL SR O BEFE

TORBC LT G PO R R AR S R BASI S o R TR e
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TREAR e AFT R FIE B ISR DR TR AL s g
Ppo2 20 AP RN DR S P Sk (4 4—3.1)053‘_%“%’1&?1%4—3.1 v

R

S A E B GER L Okm) o i FECE M A4 AU - 2 UK ER 2
TU g EL P eniE

BihLE - BEBoAT T UG B RS G A

K

TP FEATE

AT P ARCAF FEBARY S~ BLRB N RIS U pE 2 MR L ]
B RPN RBPRT AL NN R O RPE LA T g T r
d ¥ B SR de s TR 4 i 5 (Shyuetal, 2016) 1T 4 F jFiEA205) & (@

SRR AR R R TR R S %
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Urh ol d BT N A2 8RS WG D LK BErR  2UBTRETE - 3R AAMTR C 4.3 2 HTE 5 S
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TR A ow S A A

Figure 4-3.1: (a) The digital terrain model of southern Taiwan. Black lines represent the boundary of
blocks with their name marked within the black. Red line and white dots show the active faults and their
nods used in our 3D model: 1. Milun fault; 2. Lingding fault; 3. Rueisui fault; 4. Yuli fault (not included);
5. Chihshang fault ; 6. Lichi fault ; 7. Luyeh fault ; 8. Chimei fault.
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%4300 B 43017 A R 2 S e Sl o
Table 4-3.1: The geometry parameters of the faults in figure 4-3.1.

gk LA " & (degree) 7k xIER (km)
1 B e 65.0 E 0.0-10.0
2 B8 4 A 65.0 E 0.0-27.5
3 I AR T K 65.0 E 0.0-27.5
4 SR 80.0 E 0.0-25.0
5 32 ¥k 51.0E 0.0-10.0
60.0 E .0-20.
§ 5 1 ek 0.0-20.0
250E 20.0-25.0
30.0 E 0.0-5.0
7 A 0F B K
T R1IE
55.0 0.0-22.0
8 lji T
Ak 40.0 22.0-27.5
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4-3-2 ¥R B &

AR R e g AiEH T AL S 4 AP GPS BRI d 2002 & Az PTELIPF
Bk T REE Tiodd d AS (B 4-34a)e JI* 2@ BRE2 L RAMAHE
BEERGR SBc TV RE NE B S GPS BRI TR AT phE g & @
B (Bl4-32b~c2 % 4-32)c Bl 4-33a~b~c~d R A Blis A FEFEA LI
FHEF - GTRG LhE S BB 2R RDPFHEFEE - B 434 PIET
RS G R Nz fEOK T B3 A BB GPS LRI E (a) AR 2 B3 E (b)
WA baEA KA n (RAE, )0 d Bl 4340 F Ao A 3A B R EREfrs
B E Gk T8 % 4 i eh- R B9 R 2 ) F 80k sl 304 Rl kA
ABEHRA BT X 2006 5 K4 5 BB e s 0 7 L RIRIE
(FH) B EX (B9 5B GPS ) » §BFHADRE « 0 A5
PR A RRALERS  APRIFT I FEE TR E DHESP
(LVFD) ¢h » 5§ 678 12 & s gLork bRk @ B8 K0 § B 0Al a3 ie & o

FRKF L3 TR E % 3ok TEd > £ 0 G557 RBTHRE
BURUR T B DT A LR IR T A d Y AT Al R A A
Bor LR R IR IRIE L A AL 0 B LR T :tEf*?f,J%JgFiﬂa (PHSP) & #*£.2 3|

B I H (RYUK) dhv g o d 20 L3RR e GPS Blabi> (P i85 % 5§ 25

MRS R ) PR eh s MG R R T b R A R R TR
TRIRPE IR AR B 4 P A RSP EEE B A4 ke g gt B
%go

B 4338T 2y P REPERETR P L8 B2 FHEFTE > ¥4
4-33 ¢ B gl ¥R 2 TR PSR F 2 THFSER ST 0 2 AR R

ive 1

A o ipdpIE £ B T2 A5 i 5 (geodetic long-termsliprate ) £_d i - & Bl F
A (GPS, -k#Z) “ri8ep 2@ ®daEa 8 Ffoflr» TN (KERE
RP Il R ) TRIRIE TR (Bp ~8cF £ ) i & (geologic long-term slip
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rate) F ot AT LR o FEKER PRFL R R T

fr geologic sliprates &% 40 e © X m d ”‘v?%}fiﬁuﬁi’é %
IR RTOMTR AR RT AR B M AT ;zﬁﬂ”“""‘%;fp

(e.g., Ward, 1998 )-:* iz geodetic long-term slip rate 77 ;% » “f 7 4 geologic

long-term slip rate & {7+t vk 5 5 Foud B RREFRF TR KA IREF o EF -
NI IR DFHEF R EIDRHEF T R FFS R 2 iééﬁf}iﬁm
THARETR AP BEE T FIt A BCR] Y A0 - B B e d Y H BR8] 0 GPS
TR AR TR SR w9 BESESFGY EanELims o
LU R AT g e

10km 12 b § 7 i frm RETE AR 0 T i
BOBETE AL -

R e W AT L 4337 g2 LUK R
FE 0 - e -
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Bl 432:(a) AHMP2Z PGP REL ] o od BEAAKAAIRS e FIHFLT
Bol 3t h e o (b) B BHAME R Y 0 L B8 Eulerpole *Thchiz® (2 B) 2 344
Bl (R J PRl ) iod 3% 32 4 poles “TH EsPBtl o (c) S MM TEEZ Y > L s
H Eulerpole 2 $he e &g B o od 54 7 e a FJ 54 7 a4 a o A5
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Figure 4-3.2: (a) Internal strain within each block. Red and blue arrows represent maximum and
minimum principle strain rate. (b)The rotation rate of blocks. Blue for clockwise rotation, and red for

counterclockwise rotation. (c) The location of the rotation poles for each block were marked along with

the 95% confidence error.
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Bl @D4 ke FPRTPHFHSES > 25 HFRAL LR FaFB e o

Figure 4-3.3: (a) The longterm fault slip rate. (b) The distribution of coupling coefficient. (c)The deficit
rate on the fault surface. (d) If we take the longterm slip rate and minus deficit, we can get the interseismic

slip rate. And the black arrow told us the direction of the slip.
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Figure 4-3.4: Blue arrows show the horizontal components of the GPS velocity field. Black lines are the
boundary of blocks. (a) Shows the observed GPS velocity. (b) The estimated GPS velocity. (c) The

residual between our estimated GPS velocity and the observed GPS velocity.
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% 432

LRMHEZ R~ AR R AR RFAEFARI -

Table 4-3.2: The location of rotation poles, the angular velocities and the standard error

of angular velocities of each block. Along with the maximum, minimum axis and the

azimuth of error ellipse for each pole.

) ox n LR | REARL | FLWNE | ELipRE | SLprnL
(deg/my) | (deg/my) |#h& (deg) |#h& (deg) | > = d
SCEN | 100.56 -52.44 0.5 0.0 0.0 0.0 0.0
NHSS | 122.48 19.41 -0.3 0.1 70.8 36.4 32.2
CENT | 84.02 -58.14 0.3 0.0 0.0 0.0 0.0
NCEN| 135.29 37.84 -0.6 0.0 180 0.0 0.0
LVFD| 129.59 34.30 -1.0 0.0 180 0.0 0.0
PHSP | 91.60 -12.92 0.8 0.0 0.0 0.0 0.0
NCOR| 174.82 43.31 -0.6 0.0 180 0.0 0.0

04-3.3 0 A

23

“~

FAAE 594 E (Shyuetal,2016) 2 T34 id 5 o

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.

PR | B FEY | Rk
. f; j 13 3 z Hiﬁ F T 32k #
gk o | DT TBETL T ey | s | s
Bl E | RAE | FBEF (mmfyr)
(mm/yr) | (mm/yr) | (mm/yr)
& 10.1 10.2 20.2 11.2 5.8 8.8
B 5.6 17.1 32.8 15.8 10.4 12.7
ik 5.6 17.1 53.3 17.5 19.4 15.3
+ % - - 23.1 9.1 10.7 4.4
ENS: ] 5.6 17.1 59.7 15.6 38.7 33.3
s 5.6 17.1 34.5 14.1 8.1 11.5
& 5.6 17.1 20.9 10.0 3.9 8.1
il 6.2 6.5 29.6 9.6 4.6 6.7
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4-4 LR % F w17 (Basdinelnversion Modd )

A-4-1 8K B2 R &+ Sik
A3+F # * Johnson (2013) £ > Okada (1985 1992) &+ L & ¥ 7 ¥ ér
B B R B A A AU BT ¢ B A RULfeR AR O T S - R 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
Ui frAu end =8 - R dod SHHEF 23 B3 B F L8 =5 mm/yr; 0%
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)~ $& (km)~ 4% (°)~ # & (°)e H o &k o8 La ik o = 50
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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 Jvi%’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 (54 4-42)

BY e s W EF AL ZFEARERZRME > TTARI FPIHERLE w
FAASM 2 HEE  Lob AMABLE R -

ij‘u%‘ﬂ@%‘ﬁ WA AP RS AP Sl A AW R ek of
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% &

ZRiEFE N 443 2 5o Bk RFETE FAEIE F 2 B R o
1 2
2(Gs—d)

F(s) = (54443)
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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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4-4-2 ¥k HaR %

AL AREFLEFAI R EREE (K E BT A HF 2
T PRI IR ) EEFRCRIE R R RETR PSSR S o Bl R Y
Rk A A 8 GPS BLIR| g i 20 2002 - 2019 £k T ik BB (B 4-4.2)0 k3t
F AREREDF FKTE AR > FF @ RRAMEREEY & XA NE
EOFE B /IR T U KT RIS WA S S T EE( 4 440 )
& 19 B i: 2 T -8 (smoothing parameter ) > A 3+ 3 Bl E 4 T B T
F SciE > FRIRE-H 0 AR (trade-offcurve) » § T Sdc i -1 P o A7 B ETR R
BABEE AT S EEA LR B 1126 mmyr (B 4-4.3)0
Ktz KT B N RFp A RTCEL Y B ndd a o @i
FACIaBREARPEELIG AT A ED 20 ~ 40 mm/yr #4350 ~ 70
mm/yr £ &5 5 20 ~ 60 mm/yr > &K F iE BB F e LG iR B 4o AR
G ed d e A EARE ALK Sd FATEL NG o
R A S R (B 4-44 Fl 4-4.5) B EEE ol A A § R B4
AP BEEA L TOFHEREFEL 88 mm/yr> A& J P itk 32
2 R F 25 mmiyr S ARG ST Ak oo BARETE D Ao F BES BIRT
@ RHP ARG R B 62 mm " 3 30 mm v BEARUTA 2 ¥ T B E 5
@5 SAmmlyr> L& F ¢ 08K 3~9 22T 20 mm/yr S A SR 5T
Feh Ff o
B T8k T ADTEE 2 KT E RS d 60mm T 40mm: > 2§ 15
B BE e AR p R I F R SRS UTE T A R TIOF B S
EAR R TR Renil > U A L TIEF S E S E S 3.ommyr A& B
#ONETR 3~ 6 2 2 NG 8.0 mm/yr S AR SO AL A 0 R IFETR 2
li’!/ﬁﬁﬂéﬁ:fﬁ B & 9.6 mm/yr °
BTk 2 TR AR R S E S 63mm/yro A B B NETE 3~6 28 i
87 8.0mm/yr i SR ST I o b F TR QRIS T R 0 FOF T
B2 T3 BASAE S E L 2.0 mm/yr o 2L UTR ¥ Rl A F R G AR KT
# BB % 30~35mm > ¥R F A FTE 5 2.4 mm/yr
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* 4-4.1: 'ﬁ‘?‘é] li:;j/g’-%%i & o
Table 4-4.1: Average slip deficit rates.

, T 306 5K L i y
I 3ad g X Lt 3
WYL | (oommy | PBEE | eras | (CES
o (d.s. mm/yr) (mm/yr )
F Bk 2.4 3.8 4.7 2.8
T ET R 6.6 4.9 8.8 7.2
HARET R 3.8 3.3 5.4 3.8
SR 0.5 0.3 2.0 1.7
32 ¥k 1.2 0.0 1.2 2.4
Pk 2.7 3.9 6.3 3.6
LT ET R 7.1 6.3 9.6 1.7
F 4 A 2.6 1.5 3.6 2.5
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&30 £ 1 mm/yr

121700 121712 121724 121°36'
Bl 4-42 0 LIS RAPEHIREE SOIR 2 K TR RS FI ML P L FRANTLL 2L ER
BTk o
Figure 4-4.2: Horizontal GPS velocity of eastern Taiwan relative to SO1R station. Blue lines indicate the
CGS active faults.
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23°36' 23°36'

23'24'

23724" g*

2312

2300 23°00°

(a)

Observation 22°48

22°48' Calculation

— — -
121°00° 121712 12124 121°36" 121700 121712 121724 121736
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Figure 4-4.3: Comparison of observations and calculations. (a) Observed elongation rates ; (b) Calculated
elongation rates ; (c) Residuals.

CHEEALEEY o (a) kT E R HR
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Figure 4-4.4: Fault slip deficit rate distribution in eastern Taiwan using 2002-2019 horizontal velocity
field.
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Figure 4-4.5: Fault slip deficit rate distribution of eastern Taiwan using 2002-2019 horizontal velocity
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4-5 L % 2 YT IF AR F

FERZVFE R L ABANE T2 FAEEREE A B G K YR
MEETA S HARETE P EETAE C 2L ETE 4 TR RTTETA B I E #rk o

fE RIS T gAY TR B SR R ARSI o E R B
2 Lo B AT BRI E S (R4S F4AS1) PR A e 1 B
WAL TREP BRI REEL BRI F B Uk 2 T OR B
5 A 6.9mmiyr BREE L 4 i T O B ASH E F 5 0.7 mm/yr - BT 2
ST ARSI S 5 119 mm/yr > F E SR 2 BT IO M AEIE S 5 8.0
mm/yr > & 2 EG 2 e TS SRS F A 154 mmiyr > 4 b BT 2 4 T S
ABAEIE S L 94mm/yr 0 RIFE A 2 4 B L IOFBASIEE F 5 6.9 mm/yr o 1)
TUTK 2 4T IO BB 5 5 6.2 mmlyr o
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F 4510 AFHEBA T 28R S EE S -
Table 4-5.1: Weighted average slip deficit rate in this project.

BLOCKS DEFNODE 1113135;1;1‘;‘1’1
Model Model Model e T 30
A REI
ki L T S It e K B
HEE | e | PEE | EEE ] G
(mm/yr) (mm/yr)
R 10.3 14.6 7.5 10.8
v
t f; i 102 £ 0.1 58 + 88 47 £ 238 6.9
= 3 10.1 0.0 1.9 4.0
R 10.8 23.1 16 16.6
A TR T
qﬁ% T in 9.8 + 1.0 10.4 + 12.7 8.8 + 72 0.7
= R 8.8 0.0 1.6 3.5
R 12.1 347 9.2 18.7
Th A8 T
”“gg T 5 109 + 1.2 194 + 153 54 + 38 11.9
= R 9.7 4.1 1.6 5.1
R 12.7 15.1 3.7 10.5
ey
“% T 112 + 15 10.7 + 4.4 20 + 1.7 8.0
i TR 9.7 6.3 0.3 5.4
2n R 6.8 72 3.6 275
32 %
p T 5 62 + 0.6 38.7 + 333 12 + 2.4 15.4
= R 5.6 5.4 0.0 3.7
IR 20.2 19.6 9.9 16.6
o) __" L&ﬁ_
”% Ty | 139 + 63 8.1+ 11.5 6.3 + 3.6 9.4
= 3 7.6 0.0 2.7 3.4
R 6.4 113 11.3 9.7
95
}ﬁ}% i 6.4 + 0.0 46 + 6.7 9.6 + 1.7 6.9
= R 6.4 0.0 7.9 4.8
dR 12.1 12 6.1 10.1
€T %
ﬂ}; ] 2 | 110+ LI 3.9 + 8.1 3.6 + 2.5 6.2
; 9.9 0.0 1.1 3.7
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i [ CGS 2020 DEFNODE Model  [[] Weighted Average Slip Deficit Rate

Bl 4-5.10 A3 F 3R 2 4o T 08T R BASHE 5 > HEE 451 -
Figure 4-5.1: Weighted average slip deficit rate in this project.
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$T R M REAN 6 BT 2
} % %

FERBIP N AT Ay PR A O RO AR EAER
2020 # 57 3 p A AAINEFAR B RN VRIS AL LA RRE
452 B RETELAFFAE o

5-12020 # 5% 3 p £ #AMizAE EHA

Fle WL B2 BEFAFRT EIPT A FRHITH (Ho, 1986; Teng,
1990, 1996) > & & #5 A 5 xR 2 % (Bonilla, 1975, 1977; Cheng
and Yeh, 1989 )¢ £ B L IR enic L %8 5 %’Ef—%}ff' Pl W X RN Pl e Mgk S B
G ETR R E A5 s Y ha R4 (Angelieretal., 1997; Shyuetal., 2005) » %]
PR B ETR S B A S enk R R

#2020 & 5% 3 p o E AL INE KRR e (23.23°N, 121.61°E) # 4 7
NARAES59 (ML5.9 5 Mw5.0) BRiFER 5 404km e B o £ AL B+ BR
FA45(BS5-11)e F7T 420 AV aeh¥tk o S Ar-dadm PLaddrif
g 87k () 5-12)

Aty ROEER PR SRR T F R R R BT E - B A L
i PR o b A I 2 BT B X Rs F i AL ehE AT B LSS R
FP o EIE AT UFRASBBI R R 20 F 2 RIFESE DL
i3 o Chenetal. (2007) f1* fr & Rfcs 4 Mg 2 @ 4 - e £ < # &

FRAN T E BAL D MDA N L GTHEA R o] E &
Bo(Fl5-13)e gty R B2 F B FA o L F ARG R & A ot 2
BB g b 2% XAV TIA TR R A fon b TR RN aE 6
R (BB 5-1.4)« 1% 1991 - 2005 > 4 #4402 behk B E 37218 (Wuet
al,2008) & T ¥ BARS L iR m@%ltﬁ]&lé ARG VPR L H

Tl TR L (] 5-1.4) 0 4 b BTE s > TR T 1951 & ehiTiE 5
A # BB 7| (Hsu, 1962; Yu, 1997; Shyu etal., 2007) (] 5-1.5)« % 7 1951 & 7
oA R BB 2003 E 127 10 pRHC6.5 chd p RS b U AL
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(B 5-1.5)« % 47k & B endvky b #32 Z 987> ¥ § €44 B (repeating

earthquake ) % 4 (Chenetal., 2007 ) -

119 120 121 122 123
26

o
1 =
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EEHMF 38 HEEREET 18R

=BT 3R T 14
W 3R FOEMTET 1R
=EPmElE 3R FHith 1R
FEEBREET 3% #ES 1R

FHREHIRESFERIANSNRER
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B 5-1.1 1 # & § % & 20200503 3 2% 382 (http://www.cwb.gov.tw ) °
Figure 5-1.1: 3th May 2020 Earthquake event report from CWB.
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Event ID:

Date: 2020/ 5/3 Time: 3: 24 : 40.0
Epicenter: 23.2348 N 121.6060 E

Depth: 39 km

Mw: 5.001

Nodal plane: 2.77 / 34.32/ 53.83

Nodal plane: 224.28/62.93/111.94 A
CLVD: 6.04 % Isotropic: 0.00 % 2sec
Avg Misfit: 0.361
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Misfit= 01368 -~ —— N —— T

0020-0060H: — =N/ “"min0in 0,359 TfiL0,422
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.00
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B 5-1.2 120200503 » R E 2 BRI R F w2 54 %% (http//www.cwb.gov.tw) e
Figure 5-1.2: The focal mechanism and seismic wave inversion of 20200503 earthquake event.

222



(a)

Taiwan

Eurasian plate

Fhilippine Sea — ]
MankaTrench]  PI2tE J 2350

F5l Fromtal thruat fault I
CLPF  Chelongpi faull I

the 1999 carthquiake ruplure [
LY Longitudinal Valley fauli !
Legend Lind’ing fault
I I Recemt sediments ki m
D Late Pleistocene sediments ] E\. igﬁ E

I

-
‘.'I'mli‘;.ﬂ-ﬂ uli
I

- Lichi melange
El Plio-Pleistocene turbidites
- Early Pliocene turbidites
- Miocene voleanic rocks
Paleozoic-Tertaary

I
#liSlli fault

metamorp hic compley Ll F44
— fauli '&ﬁlﬁi% Iﬁﬁ.@
syneline ’-f

w segment boundary

# JChihshang fault

o B
Chihshing - : F ot R

23'00"
g, 0"}
I
I
[
[
Legend
I D non-lateritic river terrace
Llﬂﬁl fault 0 1ateritic river terrace

A EEE = synctine
I Y segment boundary
L

Tartung city

121357

121007

Bl 5-1.3 1 % 5 %A ~ B (Chenetal,2007) 5 %7k d 2 2 5 & % 5 B EEE ~ A%

b 2 R o 8

Figure 5-1.3: Segmentation of the Longitudinal Valley fault (Chen et al., 2007). The Longitudinal fault
is divided into the Linding fault, Juisui fault, Chihshang fault, and tLichi fault.
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Figure 5-1.4: Seismotectonics of the Chihshang fault area (&t * €1 % > 2018).
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Figure 5-1.5: Locations of this earthquake and other historical earthquakes related to the Chihshang fault
(Ching et al., 2007).

225



AR BREER

AP Eni R FE RGN (1) RELRA RRED 2R A RS (2)
FI SR WA F e A RSk I R TR R AR 5 (3) U B BRI R R
WA R H R G ETA R AR E 5 o
B GPSEFHFHAIL 6 - HFLFTHAFL2020# 097 2485
DI Rk ARIEET 500 B0 Fhe » FHHOBE BB RV RRETF A 0 A
GPS # b afF B K BEFTH 2> % > AER T 47 K5k > GPS B & 304
£33 A 767 B GPS # s sb s il 5 M ROk BRI A L3 23 B AUplAE ]
ER BB AUPIARZER]  pEITEP Y NP> EREHT 0 Y e

11\1.
«__.
14
q-r-

AR AATATHE e e R B ERAAATEHE ;T AANMEFE
W%d@ﬂﬁﬁ@’Eﬁﬁﬁiﬁ—ﬁﬁ”aﬁ@iéﬁ%ﬁﬁvo B ETR
AREFT eI REKTERRYNTRSE LI RRFUT NG IE RILE L
IMGELETR T RIE LR TIARE > ¢ L LM ERIGEA LA RAEE .

& R A 47 J2 Sentinel-1 fFk B2 4€ 2015 # 4 7 1 2020 & 10 ? 2+ H @
A+ 42 1040 452 FLF BB G 86T 15 FLF R e d SR R A
ﬁ,%éi¢yp;glﬁ@wg,%ﬁjﬁﬁéi%%@%i%ﬁﬁ°@%ﬁ
AT B G Al A F AR g kB B Tk 2 T
%%*ﬁw@%ﬂ’?ﬁg%gﬁﬁﬁﬁﬁ% SRR S A R
Sentinel-1 + W ¥Hi8 (7 X A fgstBhag R S35 > T 8 & A " 1t LOS & & 311
EELG S a2 % by £ %3, R B 74492 6 > 1 Sentinel-1 # 4

L4 & A58 o Sentinel-1 fiFk 2 PERF B 7|22 GPS FE B 71§ 247 e B2
BB ARG L > K B9 T PEPU =4 PRER T T FRZ Rl ga)F

Y

=) o

At A u[EY A R M 4t Bernese ¥ GAMIT/GLOBK f&J2 > - %
9 GPS # 52k T AL A W j2 8 e foxbF P 2> 9Tk F ohE (> 5 2002-2019 & o

E A pEbavRk T 2

,4

EF G PR L Bk blde L E R
B PBAR Y £ 664 A5 R 71 R S B A T 0 A I S
ARE A0 > kT S g M Tl 0.99 1 o EE S e ApBE R 5 0.90 ARBEE

218



A RT 2o ¥ AP i@ R Gamit f2F HI B TR R B ESLE
T

et s Ad ~F2E = A TEA N 5+1.28 4049 ~ +2.29 mm/year > & % &
T R Y Ak T R G EL E ] 2mmiyear £ E G v L B4 0 2.29
mm/yeare ¥ = A B R i B L B FK » % & Gamit 3 % % >* Bernese

%%oﬁﬁ&@&i@ﬁ@ﬂi—{%%ﬁ}ﬁﬁi’ﬁﬁﬁjﬁﬁglgﬁa
Wk%*_ﬁmﬁ‘ SRS E LG BARGER Y FAFORRT FHHOEE R
EH At Ben it e FlikBE R A N A g B RE A B E o At

% f1* BLOCKS -~ DEFNODE £ Baseline Inversion Model & j# -k L i# & Hfrd-2
FRS A REPAIN FEB R SR BT o 5B AN R R L
A or 8 PR R B AR  E R R C AEAR TP R e T IE HE
FEF o FEREHT A FER L RBTIOFBEEE S 69 mm/yr > 7R
YT R 2 S i LIS A AEAE A S 5 9.7 mm/yr o FRARETRE 2 Ao T A B AR i 5
2119 mm/yr > # % %7k 2 4o BT B A5 # 5 5 8.0 mm/yr > 1 2 ¥k 2 4
BT B E F 5 154 mmlyr > 4 P8k 2 BT RS E F 5 94
mm/yr > BT U7 R 2 S B TS A AR S 5 6.9 mm/yr s I F BTk 2 4o g T S
BASIEE S 5 6.2 mmiyr o & ANk FAAGIEE FenG B kA

227



Chapter 6: Conclusions and Suggestions

The key of this projects are (1) to evaluate the surface velocity fields in different
time periods; (2) to integrate the PSInSAR and the GPS velocity fields to increase the
resolution of 3D surface velocity field; (3) to invert the surface velocity field using fault
models for evaluating fault slip deficit rates.

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, the interference image pairs of Sentinel-1 satellite from April 2015
to October 2020 were processed. The interference results include 1040 ascending
interferogram images and 867 descending interferogram images. The ascending and
descending results show that, the interference fringes in whole Taiwan could be
generated except for the Central Range because it is mostly covered by alpine
vegetation. Although the short-term baseline interference has good coherence, the
phase change caused by water vapor in the atmosphere, soil water content and the
ionospheric disturbance may interfere with the phase change signal caused by tectonic
activities. The PS-InSAR velocity field has been performed by the Sentinel-1
interference pair calculation. Combining ascending and descending LOS velocity fields
can obtain surface deformation in east-west and vertical directions. In terms of time
series analysis, the Sentinel-1 satellite is the main analysis image. The time series of
the Sentinel-1 satellite has a good correlation with the GPS time series, and the trend is
roughly consistent. The PEPU station near the Milun fault also clearly shows co-

seismic deformation behavior.
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The horizontal and vertical velocity fields from 2002 to 2019 was inverted by the
BLOCKS, the DEFNODE and the baseline inversion models for estimating slip deficit
rate on each active fault in eastern Taiwan. The results show that the weighted average
slip deficit rate of Milum fault is 6.9 mm/yr; Lingding fault is 9.7 mm/yr, Ruey fault is
11.9 mm/yr; Chimei fault is 8.0 mm/yr; Yuli fault is 15.4 mm/yr; Chihshang fault is 9.4
mm/yr; Luyeh fault is 6.9 mm/yr and Lichi fault is 6.2 mm/yr. The uncertainties of slip

deficit rates in eastern Taiwan is relatively high.
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