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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 southern Taiwan. By the September of 2019,
the daily solutions and time series from 500 continuous GPS stations were calculated.
By the November of 2019, 761 surveyed-mode GPS stations and 42 leveling routes
were re-surveyed. As a result, the velocity field shows a similar trend with the previous
one. In the work of PS-INSAR (Permanent Scatterer Interferometric Synthetic Aperture
Radar), more than 100 ascending and descending interferograms were acquired from
the Sentinel-1 SAR images (April 2015 - September 2019) adopted additionally in this
project. The good correlation between GPS and ERS result can provide temporal and
spatial deformation pattern in early stages. The horizontal and vertical velocity fields
from 2002 to 2016 was inverted by the BLOCKS, the DEFNODE and the baseline
inversion models for estimating slip deficit rate on each active fault in southern Taiwan.
The results show that the weighted average slip deficit rate of Liuchia-Muchiliao fault
is 3.3 mm/yr; Hsinhua fault is 8.9 mm/yr, Houchiali fault is 2.4 mm/yr; Zuozhen fault
is 3.2 mm/yr; Hsiaokangshan fault is 9.2 mm/yr; Chishan fault is 5.9 mm/yr; Chaochou
fault is 4.5 mm/yr and Hengchun fault is 10.0 mm/yr. However, the reliability of slip
deficit rates in southern Taiwan is low, may caused by the inelastic deformation which
is not related to fault motion. In addition, it is necessary to evaluate geodetic slip deficit
rates using different models because the result is highly model dependent. Finally, we
also estimated the coseismic displacements and the coseismic source model of 2019 M
6.1 Hualien offshore earthquake.

KEYWORDS: GPS, precise leveling, PS-INSAR, fault model
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Table 1-2.1: Time preiod of continuous GPS stations set up by Central Geological Survey.
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Figure 1-4.1: Taiwan horizontal velocity field relative to Penghu Paisha station (S01R).
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Figure 1-4.3: 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. Triangle
represents land uplift; while inverse triangles represents land subsidence. Arrows represents horizontal
velocity field related to reference point.
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Figure 1-4.4: Slant range displacement rate of the processed PSs (mm/yr) of ENVISAT (2004/3~2008/6)
(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. Arrows represents horizontal
velocity field related to reference point.
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Figure 1-4.5: 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. Triangle
represents land uplift; while inverse triangle represents land subsidence. Arrows represents horizontal
velocity field related to reference point.
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Figure 1-4.6: Slant range displacement rate of the processed PSs (mm/yr) of SENTINEL-1 images (asc:
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. Triangle
represents land uplift; while inverse triangle represents land subsidence. Arrows represents horizontal
velocity field related to reference point.
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Figure 1-4.7: Slant range displacement rate of the processed PSs (mm/yr) of ENVISAT images (asc:
2004/3~2008/6). 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. Triangle
represents land uplift; while inverse triangle represents land subsidence. Arrows represents horizontal
velocity field related to reference point.
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Figure 1-4.8: The total slip rates of BLOCKS model.
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Figure 1-4.9: Long-term fault slip rate and deficit rate of DEFNODE model.
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Figure 1-4.10: Fault slip deficit rate of baseline inversion model.
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eU A B R RIS R P ofic] R JE B RETR S 60 end ko d SR,
RIEY PIEL e P EEREARARE NS E  FI A FERF RIS 172
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1= i= =

HP sa i mpli 4ot b 5 FF 2 (inter-seismic period ) 3 #i8 & :# 5
“#cc~d i &g (annual period) %2 BbF; Hlikce~f 5 X & (semi-
annual period) %t 2 B Q& 7R A 7]? chr @ prd o 7 i 2 ¥ R A h
PRESEEASIR{FHE h RGN F L Kk REF T Ipdks
BRI Bfe v A LI 0 H Y H A FFH- 3 8 (Heaviside step function) s 7 &
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B 2-13 % Bl 2-1.4 % 4 B F ¢ F442 2019 £ 09  Ap & v ) = (SOIR)
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FIR RGP AFRARCRAOBIBEB RIS T Lo h R G R R

B ATV TSR RS RRTIVETE e R o BIEEE SO 3-
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My FREERFEL RS e Ao e A R RRN
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(transtensional ) %25 5 2 » o A B 7 B 4 B K R B ol 0T
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ARG R M (Angelieretal., 2009 ) - €% i# B3> w» F Q|12 & 385, 2
FRACFHIR-CBAIR P L LA E LR BALRAERL LR TIARE -
BN R AU AR AR T AEE (eg, Tung and Hu, 2012) ;
KT Rfes T RAIF b B i (0% o Tk % 208258 (eg, Huetal,

2006; Hsieh et al., 2011; Su et al., 2017) ; & A~ L P& A BT KRR 7 82 222 A 4
Bu AR TEY LT UG B (Wuetal, 2009) o i B e da s B o 1 0K L

Fford LU LA s P EEEEL DR MM FE R AR o
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Figure 2-1.3: Horizontal velocity field with respect to to SO1R from 495 continuous GPS stations
calculated by removing coseismic, post-seismic, periodic motion, and unusual data by September of 2019.
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Figure 2-1.4: Vertical velocity field with respect to SO1R from 495 continuous GPS stations calculated
with removing coseismic, post-seismic, periodic motion and unusual data. Circle indicates the size of
error of the velocity field.
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Table 2-2.1: Schedule of campaign mode GPS surveying, supervising and validation.

MEA G | BRKE | RE | RALR TRAE Lol ok ki b k]

se i B i H%a iz a i
3R 76 44t 10 2019/03/18 ~ 2019/03/29 2019/03/22 2019/04/19 ~ 2019/04/21
4R 32 15 4 2019/04/01 ~ 2019/04/04 2019/04/01 2019/05/09 ~ 2019/05/10
5H 114 HEAT 12 2019/05/13 ~ 2019/05/24 2019/05/23 ~ 2019/05/24 | 2019/07/08 ~ 2019/07/12
6 A 170 s 20 2019/06/03 ~ 2019/06/25 2019/06/14 07/04-06 ~ 07/22-26
7R 106 By 12 2019/07/15 ~ 2019/07/28 2019/07/24 08/06-08 ~ 08/19~-21
8 A 153 T 16 2019/08/05 ~ 2019/08/26 2019/08/09 09/10-12 ~ 09/18-20
9R 74 g 12 2019/09/17 ~ 2019/09/24 2019/09/24 2019/10/21 ~ 2019/10/25
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Figure 2-2.2: 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 KMNM 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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Figure 2-2.2: GPS coordinates residuals of 2002-2019 September. The solid line is the arithmetic mean,
the dashed lines indicate 95% confidence interval (two standard deviations).
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Figure 2-3.1: Diagram of pricise leveling data. Red column is the amount of 0.25 mm statistics value. (a)

The error of closure, maximum is around 0.5~0.75 mm. (b) Observation accuracy of every kilometer,
maximum is around 0.5~0.75 mm.
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Figure 2-3.2: New overlapping location of GPS and pricise leveling. Blue lines are the new overlapping
lines, red lines are those have not yet added, the green dots are the overlapping location of GPS and
pricise leveling.
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Table 2-3.1: Schedule of precise leveling surveying and supervising.

Aty | %% N4 SRS 5N e
8 #H ®Ea A= f3E
31 ) E o IR . . — :
2 A — AT - TR o 2019/02/18~2019/02/20 | 2019/02/18~2019/02/20 2/20
10 Kogz-f shalse | 2019/03/07~2019/03/16 | 2019/03/18~2019/03/22 3/21
3 g 16 Had-d ERl& | 2019/03/05~2019/03/05 | 2019/03/25~2019/03/26 3/26
17 Eoh-Ea s | 2019/03/04-2019/03/15 | 2019/03/04-2019/03/15 3/14
19 Jb3-sk B aplge | 2019/03/04-2019/03/15 | 2019/03/04-2019/03/15 3/14
28 JEFI-#5 R4 | 2019/04/01~2019/04/19 | 2019/04/01~2019/04/19 4/1
4 B 35 | oA TG A M g0k | 2019/04/01-2019/04/03 | 2019/04/01~2019/04/03 4/1
44 | B 45 8 8 % | 2019/04/04~2019/04/05 | 2019/04/01~2019/04/03 471
30 e kil | 2019/05/10-2019/05/23 | 2019/05/10-2019/05/23 5/13
5 A 33 B -devgEla | 2019/05/13~2019/05/23 | 2019/05/13~2019/05/23 5/13
43 EH-FAbiase | 2019/05/07-2019/05/10 | 2019/05/24~2019/05/29 5/24
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Figure 2-3.3: Time series comparison between leveling bench mark 2027 and continuous GPS station
GS09. The distance between the two is 0.01 Km.
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Figure 2-3.4: Time series comparison between leveling bench mark 0807 and continuous GPS station
TSHI. The distance between the two is 0.09 Km.
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Figure 2-3.5: Time series comparison between leveling bench mark GB06 and continuous GPS station
YMSM. The distance between the two is 0.7 Km.
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Figure 2-3.6: Time series comparison between leveling bench mark GA69 and continuous GPS station
GS10. The distance between the two is 0.2 Km.
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Figure 2-3.7: Time series comparison between leveling bench mark GA78 and continuous GPS station
WUKU. The distance between the two is 1.3 Km.
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Figure 2-3.8: Time series comparison between leveling bench mark 5003 and continuous GPS station
S101. The distance between the two is 4.6 Km.
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Figure 2-3.9: Time series comparison between leveling bench mark GB40 and continuous GPS station
YAME. The distance between the two is 3.4 Km.
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Figure 2-3.10: Time series comparison between leveling bench mark HCCA and continuous GPS station
TNML. The distance between the two is 0.5 Km.
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Figure 2-3.11: Time series comparison between leveling bench mark T004 and continuous GPS station
GS03. The distance between the two is 0.4 Km.

44



2-3-3-3 474 3 R RIR

Bi 117 37+ 2 R RPIARESATO BT 2 AT T A > BIAE 16 22 (HE I
ook B ) e PR 2004 £ 2019 E RFiE TR 14 = avEip) o A& GPS i
= GS14 2_ 43 % F (-4.0 mmlyr) > i 2 G418 GB71 4p %> GPS izt SO1R

2 43 @ % (§ 2-3.12) GB71 - GB83 f42H4F 5 -
GS14 - GB71

Up (mm})
5
o}

30} o]
40}

07 2005 2006 2007 2008 2000 2070 2071 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year

B 2-3.12 @ -k #ghizx GB71 & =k GS14 2 PRV G 7 |v fie > & HAPEEOS 2 2 -
Figure 2-3.12: Time series comparison between leveling bench mark GB71 and continuous GPS station
GS14. The distance between the two is 0.5 Km.
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Figure 2-3.13: Time series comparison between leveling bench mark GD97 and continuous GPS station
PENL. The distance between the two is 0.07 Km.
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Figure 2-3.14: Time series comparison between leveling bench mark GD58 and continuous GPS station
GS92. The distance between the two is 0.9 Km.
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Figure 2-3.15: GPS continuous station GS82 and leveling bench mark B283.
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Figure 2-3.16: Time series comparison between leveling bench mark G896 and continuous GPS station
GS36. The distance between the two is 1.5 Km.
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Figure 2-3.17: Time series comparison between leveling bench mark G896 and continuous GPS station
GS36. The distance between the two is 2.3 Km.
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Figure 2-3.18: Time series comparison between leveling bench mark G937 and continuous GPS station
LSBO. The distance between the two is 0.9 Km. The dashed line is the June 2nd 2013 Nantou earthquake.
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Figure 2-3.19: Time series comparison between leveling bench mark G937 and continuous GPS station
GS23. The distance between the two is 0.03 Km. The dashed line is the June 2nd 2013 Nantou
earthquake.
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Figure 2-3.20: Time series comparison between leveling bench mark T074 and continuous GPS station
WUFN. The distance between the two is 2.1 Km. The dashed line is the June 2nd 2013 Nantou
earthquake.
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Figure 2-3.21: Time series comparison between leveling bench mark GE89 and continuous GPS station
WFEN. The distance between the two is 0.4 Km. The dashed line is the June 2nd 2013 Nantou
earthquake.
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Figure 2-3.22: Time series comparison between leveling bench mark T0O05 and continuous GPS station
CAQOT. The distance between the two is 2.5 Km. The dashed line is the June 2nd 2013 Nantou earthquake.

KZN1 - B238

w
(=3

|
|
|
—40 |
|
|

b0z 2003 2004 2005 2006 2007 2006 2000 2010 2011 2012 2013 204 2015 2016 2017 2018 2019 2020

Year
B 2-3.23 : -k E gL B238 £2:d iz KZNL 2. PR G 7 i > 3 HAPEEOS 2 2 -
Figure 2-3.23: Time series comparison between leveling bench mark B238 and continuous GPS station
KZNL1. The distance between the two is 0.5 Km.
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Figure 2-3.24: Time series comparison between leveling bench mark T075 and continuous GPS station
CAOT. The distance between the two is 0.3 Km. The dashed line is the June 2nd 2013 Nantou earthquake.
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Figure 2-3.25: Time series comparison between leveling bench mark B280 and continuous GPS station
GS83. The distance between the two is 0.005 Km.
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Figure 2-3.26: Time series comparison between leveling bench mark G297 and continuous GPS station
VRO03. The distance between the two is 0.8 Km. The dashed line is the June 2nd 2013 Nantou earthquake.
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Figure 2-3.27: Time series comparison between leveling bench mark G776 and continuous GPS station
GS17. The distance between the two is 0.02 Km.
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Figure 2-3.28: Time series comparison between leveling bench mark 1088 and continuous GPS station
GS44. The distance between the two is 0.9 Km. The left dashed line is the March 4th 2010 Jiaxian
earthquake and the right one is the Feburary 6™ 2016 Meinong earthquake.
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Figure 2-3.29: Time series comparison between leveling bench mark G374 and continuous GPS station
GS29. The distance between the two is 2.1 Km. The left dashed line is the March 4th 2010 Jiaxian
earthquake, the middle one is the Feburary 6" Meinong 2016 earthquake and the right one is the
correction of coseismic slip event.
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Figure 2-3.30: Time series comparison between leveling bench mark B299 and continuous GPS station

GS89. The distance between the two is 0.002 Km. The left dashed line is the Feburary 6™ Meinong 2016
earthquake and the right one is the correction of coseismic slip event.
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Figure 2-3.31: Time series comparison between leveling bench mark G435 and continuous CKSV station
GS89. The distance between the two is 1.1 Km. The left dashed line is the March 4th 2010 Jiaxian
earthquake, the right one is the Feburary 6" Meinong 2016 earthquake and the right one is the correction
of coseismic slip event.
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Figure 2-3.32: Time series comparison between leveling bench mark TNO4 and continuous GPS station
CKO1. The distance between the two is 1.4 Km. The left dashed line is the March 4th 2010 Jiaxian
earthquake, the middle one is the Feburary 6" Meinong 2016 earthquake and the right one is the
correction of coseismic slip event.
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Figure 2-3.33: Time series comparison between leveling bench mark G358 and continuous GPS station
GS73. The distance between the two is 1.0 Km. The left dashed line is the Feburary 6™ Meinong 2016
earthquake and the right one is the correction of coseismic slip event.
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Figure 2-3.34: Time series comparison between leveling bench mark R016 and continuous GPS station
GS55. The distance between the two is 0.1 Km. The left dashed line is the March 4th 2010 Jiaxian
earthquake, the right one is the Feburary 6™ Meinong 2016 earthquake and the right one is the correction
of coseismic slip event.
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Figure 2-3.35: Time series comparison between leveling bench mark G3027 and continuous GPS station
MEMN. The distance between the two is 2.1 Km. The left dashed line is the March 4th 2010 Jiaxian
earthquake, the right one is the Feburary 6" Meinong 2016 earthquake and the right one is the correction
of coseismic slip event.
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Figure 2-3.36: Time series comparison between leveling bench mark G3027 and continuous GPS station
MEMN. The distance between the two is 2.1 Km. The left dashed line is the left one is the Feburary 6%
Meinong 2016 earthquake and the right one is the correction of coseismic slip event.

2-3-6-2 B L 3 % HR|A

Bl X% BRI L ETA CFLETR 2 VBT O RIARE 36 22
#2004 # 3 2019 & £ 2+ 15 =% ip] o APl GPS i@ =k GS77 2 AKND 2
38 3 F (LI9mm/yr~-LAmmlyr): T 5 S48k & G536 ¥7 G526 4p 4>+ GPS
Blxk SOIR 2z -3 i & ([{] 2-3.37 % [{] 2-3.38) > T049 ~ GH22 + G562 #42L4F 5%

("85 12) -

59



GS77 - G536

40 "
I I
| I
| |
20 I I
R . I |
£ fo) ! '
£ Io ias
= U > I [
= o | | o
I I
_20 | | X
I I
| I
| |
Bz 2013 2014 2015 2016 2017 2018 2019 2020
Year

Bl 2-3.37 : -k B @i G536 &2t fxk GST7 2 P A v g > A FApEE 0.8 = 2 o p M5 2016
E2T 6P ERFREBIERRUEFHDER o

Figure 2-3.37: Time series comparison between leveling bench mark G536 and continuous GPS station
GS77. The distance between the two is 0.8 Km. The dashed line is the Feburary 6™ Meinong 2016
earthquake and the right one is the correction of coseismic slip event.
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Figure 2-3.38: Time series comparison between leveling bench mark G526 and continuous GPS station
AKND. The distance between the two is 0.8 Km. The left dashed line is the March 4th 2010 Jiaxian
earthquake, the right one is the Feburary 6" Meinong 2016 earthquake and the right one is the correction
of coseismic slip event.
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Figure 2-3.39: Time series comparison between leveling bench mark GC85 and continuous GPS station

CLON. The distance between the two is 0.5 Km.
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Figure 2-3.40: Time series comparison between leveling bench mark G670 and continuous GPS station

HENC. The distance between the two is 0.1 Km. The left dashed line is the December 26™ 2006
Hengchun earthquake and the right one is the correction of August 101" 2015 velocity change event.
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Figure 2-3.41: Time series comparison between leveling bench mark Q014 and continuous GPS station
KDNM. The distance between the two is 0.6 Km. The left dashed line is the December 26" 2006

Hengchun earthquake and the right one is the correction of August 10t 2015 velocity change event.
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Figure 2-3.42: Time series comparison between leveling bench mark G656 and continuous GPS station
GS85. The distance between the two is 0.6 Km. The dashed line is the correction of August 10th 2015
velocity change event.
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Figure 2-3.43: Time series comparison between leveling bench mark G971 and continuous GPS station
YENL. The distance between the two is 2.4 Km. The left dashed line is the March 6™ 2005 Suao
earthquake, the middle one is the December 19" 2009 Hualien earthquake and the right one is the
Feburary 6™ 2018 Hualien earthquake.
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Figure 2-3.44: Time series comparison between leveling bench mark G991 and continuous GPS station
FENP. The distance between the two is 1.0 Km, the middle one is the December 19" 2009 Hualien
earthquake and the right one is the October 31 2013 Ruisui earthquake and the right one is the Feburary
6™ 2018 Hualien earthquake.
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Figure 2-3.45: Time series comparison between leveling bench mark GA22 and continuous GPS station
JSULI. The distance between the two is 1.0 Km. The left dashed line is the March 6™ 2009 Suao earthquake
and the right one is the October 31% 2013 Ruisui earthquake.
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Figure 2-3.46: Time series comparison between leveling bench mark A086 and continuous GPS station
FUGN. The distance between the two is 1.0 Km. The left dashed line is the October 31t 2013 Ruisui
earthquake and the right one is the Feburary 14™ 2015 Taitung offshore earthquake.
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Figure 2-3.47: Time series comparison between leveling bench mark G971 and continuous GPS station
YENL. The distance between the two is 1.1 Km. The dashed line is the Feburary 61" 2018 Hualien
earthquake.
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Figure 2-4.1: Taipei area GPS location distribution. The blue triangles are continuous GPS stations; the

red circles are campaign-mode GPS stations.
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Figure 2-4.2: Taipei area GPS horizontal velocity field relative to Penghu Paisha (S01R) station. The
color ramp represents the horizontal velocity from 2002~2019. The black arrows are campaign-mode
GPS velocity field and the white arrows are continuous GPS velocity field from 2002~2019.
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Figure 2-4.4: Taoyuan, Hsinchu and Miaoli areas GPS location distribution. The blue triangles are
continuous GPS stations; the red circles are campaign-mode GPS stations.
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Figure 2-4.5: Taoyuan, Hsinchu and Miaoli areas GPS horizontal velocity field relative to Penghu Paisha
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Figure 2-45.6: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002 to 2019 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 shows in dark frame; campaign-mode GPS shows in green frame;

continuous GPS shows in red frame.
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Figure 2-4.7: Central Taiwan area GPS location distribution. The blue triangles are continuous GPS
stations; the red circles are campaign-mode GPS stations.
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Figure 2-4.8: 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 2013~2019.
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Figure 2-4.9: 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 2013~2019. The direction of the triangle
indicates uplift or subsidence; the size of the triangle represents the speed of the velocity; warm colors
represent uplift while cold colors represent subsidence. Precise leveling shows in dark frame; campaign-
mode GPS shows in green frame; continuous GPS shows in red frame.

75



2-4-4 .3 ¥ W BB F LT
BRATREFASORIAL RS LR
HRd BB R

AEEE S EC 2 AR ke
= GPS # &b 171 8L > 12 2 5 iE4 B KB plan 2 5 P
FAPBES L SRR AT 0 L6 4% (F12410) #Fsd fhizd

5 RN T ABE S L o

23°36' -
° .

. S103 % e actiref@ore o °

e 0 4

o gMCI

. @ cHis @lcaE
o5t W= o

51

-
. L5 i o107

L

o
" sJPU .03“? s ®
L]

23°24' 1 't
o541 @ote

» .

KULN

TUNS @ cai0 o’ 1

L ]
65@
G123 ‘6‘24

®csaa {640 zuen @ ooos, .
a -
) . 0w

2312 4

LI a®
ek 1 sa0s L]

* o @ ey ° .
« - e @
.. s.:vua’ Gam .

L

23°00' 4

ML 0 R

120724 120°36' 120°48'

1 20I‘00' 1 20I‘1 2
Bl 2410 &5 % % GPS @ 2 Bdipleh A ¥ 1120 Fd 1220 2 d (AR5 B

oo
Figure 2-4.10: Chiayi, Tainan areas GPS location distribution. The blue triangles are continuous GPS

stations; the red circles are campaign-mode GPS stations.

76



B3 T A BLPIEL 2 3 B HhoR] 24401 4o 24120 2R RAR R A
Ao endEwEE R N5 153 20mmlyr > B0 LR BIFOK 3mmlyr ends
Boo fab w2 pmd TG 10 mmlyr 2 T3 5 0 LR AT K 7 mmiyr

%
T dadn A g K oo LR B b B2 £ F i R A 0-Ammlyr 2 ¥

= s , .
[ER LR Lﬁ‘?% ¥

TR 20 mmlyr shie =i R oo
" r < IR
2345 5 R
: 0 ) g,
;533 b ." r} (424
£ : w ’
ix, i s b ajz ,4-' _- f 2
. o L6 5 > s 1 - f
23°30'
0
23’15
2300
G_30i3mm/yr

120°00'

0 5 10 15 20 25 30 35 40
Horizontal Velogity (mm/yr)
B 2-411: Ea b RApE»SEP 0 Wk (SO0IR) 22 GPS kT = w ik B ¥ 24 4 FF 5 2002~2019
EFHTREZERFLT I LR -
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Figure 2 4.12: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002 to 2019 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 shows in dark frame; campaign-mode GPS shows in green frame; continuous GPS shows in red
frame.
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Figure 2-4.13: Kaohsiung and Pingtung areas GPS location distribution. The blue triangles are
continuous GPS stations; the red circles are campaign-mode GPS stations.
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Figure 2-4.14: 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
2010~20109.
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Figure 2-4.15: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002~2010 (Left figure)
and 2010~2019 (Right figure) in Kaohsiung and Pingtung areas. The direction of the triangle indicates
uplift or subsidence; the size of the triangle represents the speed of the velocity; warm colors represent
uplift while cold colors represent subsidence. Precise leveling shows in dark frame; campaign-mode GPS
shows in green frame; continuous GPS shows in red frame.
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Figure 2-4.16: Hengchun GPS location distribution. The blue triangles are continuous GPS stations; the
red circles are campaign-mode GPS stations.
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Figure 2-4.111: 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
2015~20109.
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Figure 2-4.18: Vertical velocity relative to Penghu Paisha (SO1R) station from 2002~2019 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 2010~2015; the bottom
right is from 2015~2019. The direction of the triangle indicates uplift or subsidence; the size of the
triangle represents the speed of the velocity; warm colors represent uplift while cold colors represent
subsidence. Precise leveling shows in dark frame; campaign-mode GPS shows in green frame;
continuous GPS shows in red frame.
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Figure 2-4.19: Eastern Taiwan GPS location distribution. The blue triangles are continuous GPS stations;
the red circles are campaign-mode GPS stations.
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Figure 2-4.20: Eastern Taiwan GPS horizontal velocity field relative to Penghu Paisha (SO1R) station.
The left figure is the velocity field from 2003~2013; while the right one is from 2013~2019.
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Figure 2-4.21: Vertical velocity relative to Penghu Paisha (SO1R) station in Eastern Taiwan. The left
figure is the velocity field from 2003~2013; while the right one is from 2013~2019. The direction of the
triangle indicates uplift or subsidence; the size of the triangle represents the speed of the velocity; warm
colors represent uplift while cold colors represent subsidence. Precise leveling shows in dark frame;
campaign-mode GPS shows in green frame; continuous GPS shows in red frame.
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Figure 2-4.22: Taiwan horizontal velocity relative to Penghu Paisha (SO1R) station.
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% 2-5.1 : Bernese 5.0 £7 5.2 4x %%35%] X Bl (122018 # % 260 % 5 B )e

Table 2-5.1: Coordinate differences from Bernese version 5.0 and 5.2.

Ver 5.2 Ver 5.0 & AEE (M)

CODSPP X Y Z X Y Z X Y Z
0601 -2975617.1060 | 5062437.1669 | 2481490.6271 | -2975616.5030 | 5062436.1436 | 2481490.1650 -0.603 1.023]0.462
0602 -2962738.2925 | 5070341.0023 | 2480635.7508 | -2962737.5941 | 5070339.8482 | 2480635.0888 -0.698 1.154]0.662
0603 -2964632.4933 | 5071459.6795 | 2476158.4041 | -2964631.7616 | 5071458.4904 | 2476157.7451 0732 1.189]0.659

MAURPR X Y Z X Y A X Y A
0601 -2975614.7719 | 5062433.0066 | 2481487.7450 | -2975614.7636 | 5062432.9756 | 2481487.7292 -0.008 003110016
0602 -2962735.7897 | 5070336.5476 | 2480632.5127 | -2962735.7795 | 5070336.5211 | 2480632.5053 -0.010 0.02710.007
0603 -2964629.9978 | 5071455.3284 | 2476155.1808 | -2964629.9870 | 5071455.3077 | 2476155.1739 0.011 0.02110.007

GPSEST X Y Z X Y A X Y A
0601 -2975614.8105 | 5062433.0222 | 2481487.7510 | -2975614.8104 | 5062433.0209 | 2481487.7507 0.000 0.001 10.000
0602 -2962735.8362 | 5070336.6022 | 2480632.5315 | -2962735.8366 | 5070336.6011 | 2480632.5315 0.000 0.001 10.000
0603 -2964630.0416 | 5071455.3763 | 2476155.1982 | -2964630.0417 | 5071455.3750 | 2476155.1981 0.000 0.001/0.000
FN X Y Z X Y Z X Y Z
0601 -2975614.8099 | 5062433.0254 | 2481487.7475 | -2975614.7936 | 5062433.0036 | 2481487.7387 -0.016 0.022|0.009
0602 -2962735.8374 | 5070336.6137 | 2480632.5311 | -2962735.8199 | 5070336.5892 | 2480632.5223 -0.018 0.024|0.009
0603 -2964630.0401 | 5071455.3845 | 2476155.1969 | -2964630.0256 | 5071455.3615 | 2476155.1894 -0.015 0.023|0.008
710 CODSPP : 8 .3 i Jpdiy 112 & 4k 5 MAURPR 5 bt %75 i inl 224 o ) opiy 2 2 4f
GPSEST : * f K s#-£Lsci # g 12 448 > FN 3 ﬁx.fe}ﬁ;l:'m; g

A FHEF 2018 £ % 205 = 3 2018 & % 321 = ;pl=- 0601 ~ 0602 ~ 0603 7
AL s & w4 % A BAK A g Bernese & {7 & fE 8 o 1t e Bernese B BAR A A7 e
B AR R A TRR A SRR LT AR (£ 251 R 2
5.2)° i % B » ATENR A0 H 8% 2% % (CODSPP) ¥ » S 4f 4 B % » X &
£H9560273cm YA EX5 10231 118cmZ A~ 5 5 46 % 66Ccm o B§is »
R ’?ﬁ"i@v‘bﬁzﬁ f FFAL (S LR L B b b B EEESIRE
(GPSEST) p¥ > & 42 £ 2 & 4R L © ¥ 2 23T Imm> 4 x 205K ﬂi?‘l Dk R
AR - F 0 REA BREFHR AR X AR LR LHE 1 3 2
YRR Z2em o ZA R lemed 07 R fdple SEGKTT 0 ATH
RAfREE 2 E P RERMLELR T EEF
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Figure 2-5.2: Time serie of 0602 station under the same processing settings. Green dots are coordinate
from Bernese version 5.2 and red dots are results from Bernese version 5.0.
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Figure 2-5.3: Coordinate time series of single frequency staion 0604 relative to station GS74. Distance
between 0604 and GS74 is 10.1 km. Green dots are results from the maximum observation solution. Red

dots are resultd from the fixed solution. The slash lines are the fitting trend.
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Figure 2-5.4: Coordinate time series of single frequency staion 0609 relative to station GS74. Distance
between 0609 and GS74 is 13.8 km. Green dots are results from the maximum observation solution. Red
dots are resultd from the fixed solution. The slash lines are the fitting trend.

97



Site: 0607

a
a
@
)

North (mm})
o
T
o
o i =
e
o
"
s
of
s
o
o
K
>
o
o
o
o
b4
%
E =
o
>
b
@
o
o
o
o
e
L

s

Py

10F b4 3 i

[ by o

T8 Ll gro g I8 218 6 _TE88ledr £ JI817 ¢
! i Eamry SULTY hi [] +

o 3Ty fpo 57 T8 818 T - 3 T8y

-10F i T 5 E

East (mm)
o
T

Up (mm)

—20F

L 1 ! 3 i L
é%q .55 201860 2018.65 201870 2018.75 2018.80 2018.85

Year

B 2-5.5 1 Ap ¥+ Rl GST74 2. H 47 = 0607 & EpF FF & 71 - GS74-0607 s M e Y 173 22 o %
JdRIBEL B S ERIRR > o d FIBE: BB TRE 0 AL EABT S -

Figure 2-5.5: Coordinate time series of single frequency staion 0607 relative to station GS74. Distance
between 0607 and GS74 is 17.3 km. Green dots are results from the maximum observation solution. Red

dots are resultd from the fixed solution. The slash lines are the fitting trend.
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Figure 2-5.6: Coordinate time series of single frequency staion 0602 relative to station GS74. Distance
between 0602 and GS74 is 19.8 km. Green dots are results from the maximum observation solution. Red
dots are resultd from the fixed solution. The slash lines are the fitting trend.
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Figure 2-5.7: Residual diagram of maximum observation baseline solution stretagy. The dashed lines
show 95% confidence interval.
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Figure 2-5.8: Residual diagram of fixed station baseline solution stretagy. The dashed lines show 95%
confidence interval.
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Figure 2-5.9: Coordinate time series of single frequency staion 0605 relative to station GS74. Distance
between 0605 and GS74 is 10.7 km. Red dots are daily solution. The slash lines are the fitting trend.
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Figure 2-5.10: Coordinate time series of single frequency staion 0609 relative to station GS74. Distance
between 0609 and GS74 is 13.8 km. Red dots are daily solution. The slash lines are the fitting trend.
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Figure 2-5.11: Coordinate time series of single frequency staion 0607 relative to station GS74. Distance
between 0607 and GS74 is 17.3 km. Red dots are daily solution. The slash lines are the fitting trend.
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Figure 2-5.12: Coordinate time series of single frequency staion 0602 relative to station GS74. Distance
between 0602 and GS74 is 19.8 km. Red dots are daily solution. The slash lines are the fitting trend.
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HISTORICAL ANALYSIS
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Figure 3.1: SAR images used for crustal deformation of the southern Taiwan.
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Figure 3-1.1: 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 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 3-1.3: 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 3-1.4: Correlation between deformation along the LOS directin from PSs of ENVISAT images
and continuous GPS stations.
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Figure 3-1.5: 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 3-1.6: Correlation between deformation along the LOS directin from PSs of ALOS images and
continuous GPS stations.
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Figure 3-1.7: Slant range displacement rate of the processed PSs (mm/yr) of SENTINEL-1 images (asc:
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 3-1.8: 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 S011, 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 3-1.9: Correlation between deformation along the LOS directin from PSs PSs of SENTINEL-1
images and continuous GPS stations.
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Figure 3-1.10: 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 3-1.11: 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 PSINSAR and time series of GPS during ERS period (1996/1 ~
1999/7) and ALOS period (2007/1 ~ 2011/3). 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. Upper figure is the location of GPS

stations.
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Figure 3-3.1: 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.

123



o i E T T -
T "o
E.qol e, .
£
€ e =N &
o
Z 50l -
| | | A
2015 20155 2016 20165 2017 2017.5 2018 20185 2019 20195 2020
420 e t— T T
T 140 E
£ 160 - Mw 3 .
F 180 — £ il
4
w200 N S g——— L
gt Iy | | Mh‘m 7
2015 20155 2016 20185 2017 20175 2018 20185 2019 20195 2020
200 = T | = e =L e e Ve ds n
H e ,W oSSR ), P NS ﬂfo-,-;fﬂvw- ’ TR e
£
E 100 - B
a
> 4
i B, o1 od o BBy &
o e A aiin 3 i i
2015 20155 2016 20165 2017 20175 2018 20185 2019 20195 2020
T
g:__‘ 150
EE ) |
BEW —&— PSINSAR
52 o0 :
<7 o e -
- -
(e iaaty s | |
2015 20155 2016 20185 2017 2017.5 2018 20185 2019 20195 2020
T ges | LY s «“ﬂ.\, o ﬁ%g”&\;zm",} A
x o & ] e Tes d
— PSInSAR d i iy .
—& n af"g;’.&h;,_W:a,/?"\a‘i i /v—u w |

0 a8 o / \]
R Toa R‘{ ¢

oo O e
50 ETER R i i

Descending
LOS(mm)

2015 20155 2016 20165 2017 20175 2018 20185 2019 20195 2020
Time(year)

) 3-3.2 : SENTINEL-1 (asc: 2015/10~2019/9; des: 2015/4~2019/9 ) p##p 2. PSINSAR 2 GPS |2k
T (LNCH)FFRF B 5| Bl e %d ~EF 2 2d L GPS=Z 2w @R AEZ] 24 L GPSHF IR
Ik w0 % ¢ > A% PSINSAR pFfF A 71 o

Figure3-3.2: 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 3-3.3: 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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Figure3-3.4: 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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Figure3-3.5: 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.
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Figure 3-3.6: 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 4-1.1: Horizontal velocity field relative to station SO1R in southern Taiwan. Left figure is the
velocity field from 2002 to 2010; the right figure is the velocity field from 2010 to 2016; the lower figure
is the velocity field from 2016 to 2019.

130



\
2318
23700
2245
A 5 A 5
A s A 5
A s A s
soa| M 1 A
A yplift A Uplitt
¥ _Subsidence ¥ _Subsidence
2215
120°00 120015 120730 120700 120715 120730
=30 =25 20 -15 -10 -5 0 5 =5 0 5 10 15 20 25 30
Uplift rate (mm/yr) Uplift rate (mm/yr)

Bl 4-1.2 1 & 3%
v Rl

MELZ AR A TER A o d kAT AR F o4 kATt

2318

23700

22745

PO
A 15
A s
A s

A Uplift
¥ _Subsidence

22730

22115

120°00' 120115

| S —
=80 -26 -20 -1 -10 -5 [ 5 10 16 20 25 30
Uplift rate {(mm/yr)

P ERABEHWEP ek (SOIR) £ 3 vk B

x —

Bzt 7 GPS# ¢k ~ 2 d =4 7 GPS @ =k -

7+ 2010-2016 & iE & 3> T Bl %7 2016-2019 £ R ¥-> =

= F Bl %57 2002-2010 +# & &

254 % 4o dad &

i
FoRd GlEAAM

Figure 4-1.2: Vertical velocity relative to station SO1R during 2002 - 2010 (Left figure), 2010 - 2016
(Right figure) and 2016 - 2019 (Lower figure) in southern Taiwan. Warm-colored triangles are uplift
while cool-colored inverse triangles are subsidence. Size of triangles represent amount of velocities.
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each distance; the blue line is the fitting result from empirical formula.

134

x10°8



File: southpsers Data Rate: 0.7817%

Orig data: 379302 Total data used: 346739 Quadtreed data: 2965

thresh: 4.0876

m)

Y distance from lacal origin {

-1.8 v\
V& 0
N
18 Y
FIrY
1 1 | \J 1
06 0.8 1 1.2 14 16
X distance from local origin (m) %107

Data within poly: 5 Density: 1.13e-05

10

Bl 4-2.3 1 PS-INSAR FAL it BLis e % > RIpR B P LOS R B ®w e 1 & > BY 5§
PR 18P SOIRGPS iplxk & i B0 XY fh A 15 5 & R BEBEYE - B S 5 H HH 5 mmiyre
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Figure 4-4.2: GPS velocity field superimposed on 20 m DEM. Color represents velocity change of GPS
velocity field from interpolation. Major structures captured from the Regional Geological Map of Tainan
(Wu et al., 2011), Chishan (Lin, 2013), and Kaohsiung (Chen et al., 2001), 1:50000, published by the
Central Geological Survey. Black lines represent major faults; HKSF=Hsiaokangshan fault,
GTKF=Gutingkeng fault, LCNF=Lungchuan fault, CKLF=Chekualin fault, KHNF=Kushan fault,
CHNF=Chishan Fault, MCF=Mucha fault, NYF=Neiying fault, SSF=Shenshui fault, SHNF=Shoushan
fault, YCF=Youchang fault (Shyu et al., 2016). Red lines represent major anticlines. CCA=Chungchou
Anticline, HKSA=Hsiaokunshui Anticline, PPSA=Panpingshan Anticline. Orange lines represent major
synclines. TWS=Tawan Syncline, NALS=Nananlao Syncline, NMS=Neimen Syncline.
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Figure 4-4.3: PS-InSAR velocity field of LOS direction superimposed on 20 m DEM. Color represents
velocity field of LOS direction. Star, continuous GPS station, is reference point for all velocity field of
LOS direction. Major structures captured from the Regional Geological Map of Tainan (Wu et al., 2011),
Chishan (Lin, 2013), and Kaohsiung (Chen et al., 2001), 1:50000, published by the Central Geological
Survey. Black lines represent major faults: HKSF=Hsiaokangshan fault, GTKF=Gutingkeng fault,
LCNF=Lungchuan fault, CKLF=Chekualin fault, KHNF=Kushan fault, CHNF=Chishan Fault,
MCF=Mucha fault, NYF=Neiying fault, SSF=Shenshui fault, SHNF=Shoushan fault, YCF=Youchang
fault (Shyu et al., 2016). Red lines represent major anticlines. CCA=Chungchou Anticline,
HKSA=Hsiaokunshui Anticline, PPSA=Panpingshan Anticline. Orange lines represent major synclines.
TWS=Tawan Syncline, NALS=Nananlao Syncline, NMS=Neimen Syncline. AA’, BB’ and CC’ are
profile positions.
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Figure 4-4.4: The possible position of fault trace crossed from southwest extension of Chekualin fault.
The velocity field change of profile from Youchang fault. Profile positions of AA’, BB’ and CC’ were
shown as Figure 4-4.3.
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Table 5-1.1: Geometry parameters of eight active faults in southern Taiwan.
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Figure 5-1.1: The cross section with the relocated earthquakes across the Tainan domain (Yang, 2007).
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Muchiliao-Liuchia fault (Hu et al., 2016)
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Figure 5-1.3: Shallow seismic reflection across the Hsinhua fault.
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Figure 5-1.6: Tainan geologic map and seismic reflection profile D5 (Le Béon et al. 2019).
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Figure 5-1.7: Geological schematic model across the Tainan tableland, southwestern Taiwan (Le Béon
et al. 2019).
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Figuer 5-1.10: Tsochen fault shallow seismic prospecting data.
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Figure 5-1.15: Stuctural map of Chaochou fault and its western branch. AA’ line is the loction of seismic
reflection; yellow dot is CC-1 drilling well. The inset presents the structure of branch fault ~ back-thrust

and Chaochou fault.
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Figure 5-1.16: Seismic reflection of Chaochou fault. AA’ line of Figure 5-1.15 is the cross-section line
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Figure 5-1.17: B-B’ structure geological cross-section.
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Figure 5-1.18: SW Taiwan balanced geological cross-section.
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Figure 5-1.19: 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 (Mclntosh

etal., 2013).
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Figure 5-1.20: (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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Table 5-1.4: Chaochou fault geometry and its references.
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Figure 5-1.21: Geological balanced cross-section of Line 27 and Line 28 in SW Taiwan.
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Figure 5-1.22: Geological cross-section in SW Taiwan.
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Figure 5-1.25: Velocity structure cross-section of SW Taiwan.
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Figure 5-1.26: Fault geometry setting in southern Taiwan. The upper figure is the distribution of active
faults in southern Taiwan. The lower one is fault geometries in the AA’ cross-section , HCO: Hengchun
fault (SSHAC Level 3,2018) .
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Figure 5-2.1: The input values of the BLOCK model with the 2002-2016 GPS velocity field (the deep
gray arrows) computed by National Central University. The blue lines indicate strike-slip faults and red

lines indicate normal/reverse faults and the corresponding color bars in the figure.
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Figure 5-2.2: The input values of the BLOCK model with the 2016-2019 GPS velocity field (the deep
gray arrows) computed by National Central University. The blue lines indicate strike-slip faults and red

lines indicate normal/reverse faults and the corresponding color bars in the figure.
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# 5-2.1 1 R BoHRAT 4B ¥R B P & TR B3 5 (Shyuetal., 2016) > # AL
FRFrEA B fEL B oA FSESFY P EAGEE O EA D
#7 R o

Table 5-2.1: The input values of each segments. The geological rates cite from Shyu et
al., 2016. The positive strike slip rates indicate 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.

¥ By~ Ao e
A M| HRRR AL | B FARES | SRS
oy (km) (deg.) (s.s. mm/yr) (d.s. mm/yr)
g - " 6 45 X 5.75+1.35
ATt BTk 12.5 80 -2.65+1.85 X
U B e 4 40 X 7.07+0.01
T AT R 10 70 X X
)L TR 10 45 3.30+£2.20
7L BT R 13 60 1.10+0.36 X
i 17.5 60 X 1.76 £1.17
VR A 20 75 X 6.15+0.29
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# 5-2.2 1 11 2002-2016 & i B HHEE S S 2 L ¥R RS E S o FAFE S
BB fER B oMo BRI o EAGER 0 f EA T ETR -
Table 5-2.2: The result values of each fault model with 2002-2016 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.

S T P 2002-2016 BLOCKS #3 & %

R R =L ) T o A
o (s.s. mm/yr) (d.s. mm/yr) (mml/yr)
AR F -2 ® -6.0 5.9 8.4
ATiv ETR -4.2 18.2 18.6
fo 7 2 gk -0.4 7.1 1.2
2 AEETR 2.9 2.1 4.4
| oL T 7.7 4.5 8.9
TR 11 9.1 9.1
0 T R 0.8 1.9 2.1
12 % TRy -3.1 6.2 6.9

7 5-2.3 1 1 2016-2019 E:i RS 2 FETR SR T o FAFE F D

Er Ao Me SR T EAGUTE 0 f BEA DT ETR -
Table 5-2.3: The result values of each fault model with2016-2019 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.

BE =

S HcIB P 2016-2019 BLOCKS it = %

Eh REEk &) i el R WA
o (s.s. mm/yr) (d.s. mm/yr) (mml/yr)
e g-n " -0.3 5.7 5.7
Rt T A -4.2 18.2 18.6
fo 7 2 Wk -0.4 7.1 7.2
> EEHTR -8.2 1.0 10.7
L ET R 0.0 3.4 3.4
TR 1.1 3.2 35
BN R -0.9 1.8 2.3
12 % TR -0.6 6.2 6.2
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Figure 5-2.3: The dip-slip rates of each segment modeled with 2002-2016 GPS velocity field.
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Figure 5-2.4: The dip-slip rates of each segment modeled with 2016-2019GPS velocity field.
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Figure 5-2.5: The strike-slip rates of each segment modeled with 2002-2016 GPS velocity field.
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Figure 5-2.6: The strike-slip rates of each segment modeled with 2016-2019 GPS velocity field.
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Figure 5-2.7: The total slip rates derived from vector value of each segment modeled with 2002-2016

GPS velocity field.
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Figure 5-2.8: The total slip rates derived from vector value of each segment modeled with 2016-2019

GPS velocity field.
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Figure 5-2.9: The results of GPS velocity field modeled with 2002-2016 GPS velocity field which the
standard deviation is 9.706. 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 5-2.10: The results of GPS velocity field modeled with 2016-2019 GPS velocity field which the
standard deviation is 11.658. 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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Bpolod BeF A28 ARG TLA TS T TR 2.2 4EETR ATV ETR 40T L ETE
5. /) W L¥TE 6. ELETE 5 TPV ETE 5 805 % ¥k o (D)/_2002 1 2015 # & 1 GPS FAL 4
BRI TSk T RH(ES H5) (N EPe aE)E THL e g R (4 H5)

Fgure 5-3.1: (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. Liuchia -Muchiliao fault ; 2. Zuozhen fault ; 3. Hsinhua fault ; 4. Houchiali
fault ; 5. Hsiaogangshan fault ; 6. Chishan fault ; 7.Chaochou fault ; 8. Hengchun fault. (b) Horizontal
and vertical GPS velocity field used in our model (blue and red arrows) with the 68% confidence error

ellipse.
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7 5-31: B5-31¢ #p ik 2 Bie Sl
Table 5-3.1: The geometry parameters of the faults in figure 5-3-1.

gk AL i & (degree) g7k &R iFE A (km)
1 - 45.0 6.0
2 3710 87 A 80.0 125
3 U gk 40.0 4.0
4 e 70.0 10.0
5 | e 45.0 10.0
6 7L ST A 60.0 13.0
7 S A 60.0 17.5
8 1% # ks 75.0 20.0

5-3-2 ¥7k ¥ &

AFF G AT o A EH T AL G L8 GPS pLiplged 2002 £4= 0 3 2015 &
£ % (1999 & B ¥ 227 2016 £ k¥ Bz B)UTEBIF hT R T B B2 T ol
EREAH ¢ 77 806 BplsFA (B 5-3.1b) fI* iz d RH-2 LB A H
2P RUTE Rl TE R E A & GPS LRI TR G I b2 I &
# & (B 5-32a~b2% £ 5-32)c B 5-33a~b~c~dR s BT * RSk £
W AR S SR U A FRDFSEF S - B 534 R
T AL RE O fAORTE RS A B A GPS P E(a) ~ HAE A 2 B3 E(b)
ME L Ed FELB(RALE,C)e d gt R 5-34CF Ao AN F o BRI E e
BAEATE ROk TEH A X WA H FF T (- Rited ¥ e & gen
RRIFRARIEEA L BRSO TR R FIE L RRIE TR E SR A A Sz
R ERERE Uk LR T A B (5 B GPS ) ¢ R

BomELETR e B LETE s s G 3N
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ETI
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EH R E R ER PRI AR TEE PR G T Gy Fl R T e {0 L3 3F

¢ 70 - BEEER RN (el BT A TR S EE AR R R

“,f etk A0 3R A BT A 3 Adnp 3R A5 (internal deformation) o S i
41 * Block Modeling % 4& & 7 7 % 3 548 cph 3% % 5 (internal strain rate) - & %
YRl 535477 a0 R RHL EEF A FABRET Y UL - HEL
1% ST 5 4829 nanostrain/yr o i N BT R A Rl 2 BB B ISR )

B 5-33%KTAFL P REF Rk L L aa2 FHEFTHE 304
5-33 ¢ B gL ¥k 2 TR YRS S 2 TSRS 0 2 AR AR
A o g Py £ P T 32045 i 50 (geodetic long-term slip rate) £.d 37+ & Pl TR
(GPS, kX ) @ ehp 2 FFdima @ Ftfofl* 2 TG ERZ &P
F)TELR] e BT R Hp (Bcp ~8cF & )if 5 i# 5 (geologic long-term slip rate) ¥ &

AEF LR o KETR DR A2 R4 5 5 4 # 0 B geodetic - geologic
slip rates 3% 4p e o A @ d s 2 Edoof el > AR TR AT
SRR ey BRI ATUEF S AL PN dp e s TR B & 5 L H(eg,
Ward, 1998) - ;= geodetic long-term slip rate 3= ;= » “ i §- geologic long-term
sliprate s2 (71 g vk > 4 Wil B EEHRE TR RFRRF o

Bt ARG 2 B iF R INDUT R g i T A TR B R P T o
BACAPRFATEESETE R R IFBEFER T EDFSEST B
R o A d AR Rk e B D UK R LETR R TR 0 Tk
i #5E F4 w5 28.4 mm/yr ~ 26.6 mm/yr 12 2 28.8 mm/yr > jE 8] 5-3.4 A B
&
BOREE RS e PRI IR G T ARG ZAEETR R L BT B R ET K

it 5
B 0TI O R PR PR AR g B ST R L TR 2

l .N
ojv
ES

§ R A B R T2 0 2k S BT A R R R AR B E
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B PREEBERCRUPE A A HEFTRA DLE o P
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Bl 5-3.2 ¢ (a)B E LM e 03] ¢ 0 £ B8 Euler pole *t ez ¥ (2 %) 23544 F (2 ¢ #F
Fl)eizd &2 32 4 poles T4 ens 4 (LK 5-21)-(b) & s #3] ¢ > & s4n
# Eulerpole 5 fher g & # B o ‘o d %54 o B AR 0 I 554 7 R AT o R
Fo i 4 150/My ek ik B o
Fgure 5-3.2: (a) The location of the rotation poles for each block were marked along with the 95%
confidence error. (b)The rotation rate of blocks. Blue for clockwise rotation, and red for counter -

clockwise rotation.
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B 5-33:(a) Rk EPFHBEF « SRR L LWHOr L 0E S HFALLUE G
rnEH e g d RARFDEFE A PIEATRME o (b)) A & o4 T % #i(coupling

coefficient) > # < (c) & %k & T Hasdp S - (d) 4 (a) BE2 (c) B > FHek 6+ SF

B FAEF o

Fgure 5-3.3: (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 interseismc

slip rate. And the yellow arrow told us the driection of the slip.
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Bl 5-34:(a) GPS Rl R o> Fd 2 od H5E L KT 2 L33 RS TREL L UE T
g o(b) EHEMBAE R 22 RS (C) WA RPRLE » 5 BRPIE R Hrae s e
AR RFLE -
Fgure 5-3.4: Blue arrows show the horziontal components of the GPS velocity field. Black lines are the
boundary of blocks. (a) Shows the observated GPS velocity. (b) The estimated GPS velocity. (c)The

residual between our estimated GPS velocity and the observated GPS velocity.
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Fgure 5-3.5: Internal strain within each block. Red and blue arrows reprsent maxmim and minmim

principle strain rate.
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7532 FHMFRZZEMTE C LFER - 232 RFALF FLAWRL T o

Table 5-3.2: The location of rotation poles, the angular velocities(w) and the standard
error(std_w) of angular velocities of each block. Along with the maximum, minmum
axis and the azimuth of error ellipse for each pole.

5 o wn LR | AEAREAL | ZAMPE | FipRe | ZLipmL
(deg/my) | (deg/my) |#hk (deg) |#h& (deg) | b= =4
CHYI 120.25 23.35 9.5 0.04 0.00 0.00 5.8
WCPS | 120.22 23.82 -1.9 0.03 0.01 0.00 2.7
EKSH | 120.79 24.59 -12.5 0.01 0.00 0.00 7.8
LUCU | 120.17 23.35 -23.6 0.11 0.00 0.00 165.0
KHSC | 120.28 23.28 -42.8 0.16 0.00 0.00 169.5
PINT 120.76 7.65 1.8 0.06 0.75 0.01 179.3
EFSB 119.82 23.48 -23.8 0.19 0.01 0.00 149.4
SCEN | 119.66 17.85 4.8 0.05 0.07 0.00 14.2
CYMT| 119.90 22.85 5.1 0.13 0.05 0.00 22.4
HSS1 120.96 24.73 -6.8 0.28 0.09 0.00 17.5
HECH | 120.66 21.67 45.9 1.76 0.02 0.00 12.3

# 5-3.3: WA 2 & F A XX R E(Shyuetal, 2016) % T 327F 4 i 5 o
Table 5-3.3: The minmum, maxmum value of gelogical fault slip rate and the longterm-
slip rate, deficit rate along with their standard error cauclated by our model.

BEEH | W EEE | Pl R L.
L ‘}ﬁ‘"f; i ‘}ﬁ‘"f; g3 | = PN i a
R N T e I I
(mm/yr)
(mm/yr) | (mm/yr) | (mm/yr)

e g-n " 4.4 7.1 10.8 5.2 3.3 1.6
T4 Nan Nan 28.4 6.2 9.1 6.0
ATt 0.8 4.5 2.5 1.2 0.6 0.8

fs® 2 0.0 7.1 7.6 3.9 3.0 24
L 0.7 1.5 26.6 4.5 12.8 2.2
g h 11 5.5 9.1 1.6 1.7 2.1
i 0.6 2.9 7.5 4.3 2.5 2.4
7% 5.9 6.4 28.8 5.6 12.3 5.4
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5-4 B &% F w3 (Baseline Inversion Model)

5-4-1 7R B A R & * ik

~3+F i * Johnson (2013) s** Okada (1985 1992) & |+ L & ¥ 3 ¥ ér

RS
Eil

B AT O A SUE R D] o A A R IEfos B ECT T - RO AT
VOB R R H R SRR ¥t A T A 2 B AR R PRE T o BT
G A AR SR A A E B 19558 4 $ 323 (Steketee - 1958) 1
i 22 Uk 45 = #03] (Okada > 1985 1992) > H 5@ H 1 * ¥k #2355 2
PR ep T BRFIRLI A T LR e g W B L A
FE R F et 0.25 chif > 48 (Poisson solid ) » #5844 #7# (elastic modulus)
(L) &% > #°§ (shear modulus) (p) 2 348 - ;- F %74 (fault patch/fault

element) #7k F# BAy (&1, &, &) € RBFHe Pl 5 22 245

Aui (xli X2, X3) Fﬁg '4”1“" ;¢ 5-4.1 ’“Ll’)"J o
ouj | ouf N
=2 [l M8 k“ o (G5 1mdy (£ 5-4.1

He oF 5254 82 5% 4 5 6y 2 B il (Kroneckerdelta) » % j=k B >
Sjk=1>F R 5 0, v, 5 2> £ H = (surfaceelement) dY z 435 Si#ic> v o
AUi frAuj E 8 - R he % LHCERS Ak R B R0E 5 mmiyrs 4e
S EHEHERP RS R F LhE =L mm A me 193550 541 T E - @B
%7k o H = (patch/element) * ¥tk FHE > ¢ iz- # 2 H 44 {2 »
AepRiaE-prAEr2 BB R 8 WA E 2 SR TY A
2 H > g R gfe.

SOl HBRFEEAP EEFSELL LB ET DM G A TR
BiF Sz @ % ol e 87K S Slce 5 ¥R = (km) S ER (km) s £ R
(km)~ & (km)~ i ()~ 8 () 9 o 74 28 Lk 6 750
ey 5 e RR LAp ¥ 6 T g iR (B 5-4.1) - R 4 £ (faultslip) ¢
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7z = > ek £[S1,S2,S3] 0 & w12 2 4% (left-lateral strike slip ) ~ % fé= (reverse
dip slip) 2 5 (tensileslip) 3 & * % o ABEFHERERRZ U EH L 47
proo-n g4 gA e F S E (S1ostrikeslip) 22w 48 (S2 dipslip) :

BT U2 BRI ERE R AR ] E 5T WEEBE (S3)o A S &

>

(rake )dp 7w #7 A b S ARE T B2 6 2 o H{ote K B A £ 2 B % 5 tan(rake)
=82/S1- ¥ 4 =# & (displacement) F i+ ¢ 7 = B2 » 4 £[UL, U2, U3] >
A wmlrr 4 (East)~ 44 (North) £+ (Up) 5% 3 % o kT =# & (horizontal
displacement) B 5 sqrt(Us? + Uz?) o

BAMBRE A BRELT R ARSIk R G g A2
SEAE A5 0 T TSR A B TEA T 0 B U R A ST i A & Rk 2

FAES - BT U BRF 2 AAMRSF (Johnson s 2013) - jpl=bF A &R

(w
3
|4
35
w3
3
|4
PN
g
=
"

= 4 25 (Delaunay triangle ) =77 3% » £ jplsh 2 i fE 2t &
fem 8o & a2 WK F (elongationrate) & > 2 B-ARI APFERLRE W
P OHBEIAA 2R AT EEZARLEREZBVE &w@%u&gﬁ
£ (745-4.2) (Johnson » 2013) -
e=AL/Lo (;45-4.2)
He e 2 W EF AL G F EHAREB2ZHILE > "TEARNSAPHERLE
T AARZHFEE S Los ARRELER -
ﬁk&ﬁf@%ﬁ AR AP RS TETE B P Sl B A AW R e
PRSAE S 2 Fe Ak fic G d Okada (1985 1992) 74 -2 = #2358 K7 » #7 & F
BRI E 3L s 5o B A RMN E Ly do PR Ad R 2K TS
B2 M %800 Gs=d k&7 o AT F L3 RIFAL2 GiciEL  JI* &

SRFEFENS LB ERREURKFHEE TG R
2

F(s) = ||Z_%(Gs —d) (£5-4.3)
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Figure 5-4.1: Perspective schematic view of fault dislocation model and its fault geometry parameters.

Fault geometry parameters include fault location (km), depth (km), length (km), width (km), strike (°)

and dip (°).
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5-4-2 ¥k W %

AFTAEZEFe N R LG NiFLRETA > 12016 # 02 7 06 p £
EE R LA R w4 Ee 3% T 2002 3 2016 £ GPS i i =p A B0 5kok
T REH 5% 2016 1 2019 # GPS:ig =~ #doxbz KT 23 % (B 5
42) 87 2oL Ba itk FAEUA 2 HBEASF U IR LR E
ARFPEUR BB EFLAT o I ARBEREANF FLRTRE RS E
EhAe v % LA T T (2 541) AP Fd ARERF K
Az 22 > FRBAAMEAREY E X ANER T DT /R RBT U
K3y RBEAR 2 TR RS

HA) - @ % 2002 3 2016 & kT R BRI R A 4 S 224.6 mmlyr
(] 5-4.3)° #-3] S8 7 T ¥ (smoothing parameter ) 2_ jp|3# » $-8i-2 5|

B 0 BB R -15 AT Pl B E (misfit) B % 5 B E T 22002 1
2016 & &2 kTR RFH ML FHEAPHERYALE AT -2 7 &
Rd Rl RT@ER -3 PRSI BT @ Sd 917 mmlyr 2 15 10 mmiyr -
Fadk B2 ORI RED F o LR o 0T LR S e R Tk T 2
g 6 12~15 mmlyr ; E7k 2 LR T 6 15~20 mmlyr o ke F - T TR -
ATICETR 2 1T TR 2 STk R A T35 E A B 5 0.8mmiyr ~ 0.4mmlyr 14

% 0.9mmiyr (% 5-4.1)¢ = BLETR @RIk A G fFEn 0 20 R FIT a0 9T A R B

@& T @ s 0.7 mmiyr e
KR M@ F kg (B 544~ F 5-45) & B3 LETE ~ P 18T 5 2
FABAEHFRH I KT ERF AT NELF 2 T NT TG PR L

A

(w,

v BARELETE 2 RS d X 60mmlyr "5 3 4 50mmiyro B LA
oA BRI VE R 208 R A AL B o FLEK 28R B Y S T
B 6.7 mmlyrs 3 & B NETE 2 02 N 7 mmlyr s B SR SO et

Foom VETR TR RS E ST EE L 55mmlyrs A& P TR 3 0 2 i
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F 22 mmlyr ik < BRSSO R AR
AELEE RERSY A T BEESEAd A LT w3 REREP AN
G R R EY41-62mmoE G Uk 2 BT R R T E L 10.0mmiyre
A - % 2016 3 2019 & -k Tk R HEHA S SR 2 £ E 5 189.5 mmlyr
(B 5-4.6) - $3) % #icie 7 T %¥ (smoothing parameter ) 2_ ip|3& > % #cfi-2 ¥
B 0 BB 5 -15 A Pl B E (misfit) B % T 5 B E 6T - 2016 1
2019 & @ 382 -k Tk R H (B 5-4.2(%)) & 2002 3 2016 & -k -T ik & 3@ &
AR DL o A S -2 T UK S ATIVUTR LR (L7 LETR 2 BT S 3 T 0E
G i 0.5mmiyr~0.1mmlyr x4 2 Limmlyr (% 5-4.1) Z 4587k il pleba &
Mo o S RFIV G S TR RS ST E S 0.1 mmiyre
FOF#iE 5 kg (B 5-4.7~ B 5-4.8) ¥ FL&TR ~ip 8Tk 5 i i #
RIS Ak o B LR Uk R A S TIEE L 20mmlyry L& B P Nk 2
22 ) A mmlyr SRR SO S R AR o VTR 2 ST R A T e
B i ASmMmMlyro i & ¢ Tk 3 02 a) G 19mmiyr chd & A AR SO
Jek Af o
AEERE HRERSD Ar 0BRSS T AE LT oA RE RSP R
G it R EN41~62mmo EF TR 2 BT A RS F T eE L 9.2mmlyre
d 3 B2 e R %t ﬁ]fi{y]l%#ﬂ (1) d 2016 & £k R RS

PR s R RFLES AFRARE P - Ko F A BT RO &

16
PR BT 1R enin F uT R TR R AR S AR 4RT 0 v 9 10 mmiyr o e E_
£

£

)

FELETR B f LR R - R B ASIEE S 2 (2) IR B

F_L

d o fEf gk 2006 &£ 12 7 2 8 0 AR RS E Engd o A
BhRlEhUrh otk FBBERES cHT2 AP F ARG REHEF WA E

- HapTy it ﬁl]/fi/ﬁ’ﬁ;i LT A B R F R EE .
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%541 ek TR AE S o

Table 5-4.1: Average slip deficit rates.

3l - 3=
2002-2016 # 2_-k T B 3 2016-2019 # 2_-k T B 3
e Sh F kg 5% F .
SR A . (mm/yr) L5 (mm/yr)
(mm/yr) (mm/yr)
TR 0.8 0.5 0.5 0.3
St oA 0.4 0.4 0.1 0.1
fo 7 2 Uk 1.9 0.7 11 0.3
> EETR 0.7 1.0 0.1 0.1
| AL T 6.7 3.2 1.6 0.9
L TR 6.7 2.8 2.0 11
o TR 55 4.2 4.5 4.0
% #k 10.0 5.5 9.2 5.5
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Figure 5-4.2: Horizontal GPS velocity of SW Taiwan. The velocity of CGPS and RGPS are relative to
SO1R station. Blue dashed lines indicate the active faults defined by CGS. The left figure shows the

horizontal velocity from 2002-2016; while the lift one shows the horizontal velocity from 2016-2019.
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Figure 5-4.3: The 1st model applies the horizontal velocity from 2002-2016. (a) Horizontal velocity
observation ; (b) Horizontal velocity calculation ; (¢) Horizontal velocity residuals.
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Figure 5-4.4: Fault slip deficit rate of SW Taiwan from 2002-2016 horizontal velocity.
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Figure 5-4.5: Fault slip deficit rate of SW Taiwan from 2002-2016 horizontal velocity.
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Figure 5-4.6: The 2nd model applies the horizontal velocity from 2016-2019. (a) Horizontal velocity
observation ; (b) Horizontal velocity calculation ; (¢) Horizontal velocity residuals.
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Figure 5-4.7: Fault slip deficit rate of SW Taiwan from 2016-2019 horizontal velocity.
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Figure 5-4.8: Fault slip deficit rate of SW Taiwan from 2016-2019 horizontal velocity.
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7 5-51 1 ~3+4 2002 & 2016 & 4o g T soET A F A RSIE S o
Table 5-5.1: Weighted average slip deficit rate during 2002 - 2016 in this project .

CGS 2019
2002-2016 GPS Velocity

BLOCKS | DEFNODE | poeline
Model Model Model s
i R
L | mmes | CDEF L ERFBL | pas
ok A (mmiyr) RS54 5 F T ol (mmlyr)
(mm/yr) (mml/yr)
rs | 2R 8.4 6.5 1.8 5.7
o e 84 * 0.0 33+ 16 0.8 + 05 .
sk (0.20) (0.40) (0.40) '
TR 8.4 0.3 0.0 2.9
R 21.8 21.1 12 14.7
ATiCET L, | 186 % 16 9.1 £ 6.0 04 + 0.4 o6
K ~ (0.30) (0.35) (0.35) '
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R 7.4 2.2 3.3 4.3
wee ol 72 + 0.1 0.6 + 0.8 1.9 £ 0.7 "y
# R, (0.20) (0.40) (0.40) '
TR 7.0 0.0 0.5 2.4
R 6.0 7.8 2.7 5.5
=48 | | 44108 30 + 24 0.7 + 1.0 -
K (0.40) (0.40) (0.20) '
! TR 2.8 0.0 0.0 0.9
2K R 8.9 17.2 13.1 13.0
TEA | L, | 89£00 128 + 2.2 6.7 + 32 .
# R (0.35) (0.30) (0.35) '
TR 8.9 8.4 0.3 5.9
R 10.3 5.9 12.3 9.5
ELE 9.1+ 06 17+21 6.7 + 2.8 6.0
K (0.35) (0.30) (0.35) '
TR 7.9 0.0 11 3.0
R 4.3 7.3 13.9 8.5
i 21+ 11 25 + 24 55 + 4.2 .
K (0.35) (0.35) (0.30) '
TR 0.0 0.0 0.0 0.0
R 6.9 23.1 21.0 17.0
E5% | 1, 6.9 + 0.0 12.3 + 5.4 10.0 £ 5.5 96
K (0.30) (0.35) (0.35) '
TR 6.9 15 0.0 2.8
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Table 5-5.2: Slip deficit rate during 2016 - 2019 in this project.

2016-2019 & 2 -k T iE B H-

BLOCKS Model

Baseline Inversion Model

4 RS L0

YRR BB E T TR

(mm/yr) (mml/yr)
AR -~ T TR 5.7+0.0 05+0.3
Frit Rk 186+1.6 0.1+0.1
fo 7 2 TR 7.2+0.1 1.1+£0.3
T AEET R 10.7+0.8 0.1+0.1
)L TR 3.4+0.0 1.6+0.9
7L BT R 3.5+0.2 20+1.1
i 2.3+0.0 45+4.0
15 % ¥k 6.2+0.0 9.2+55
¢ - 3
1L 1Lk b
& & & & « & & &
.@op@« & & & ﬁ“@ & & &
& &

BLOGKS GGS2019
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Bl 5-5.2 1 3+ F 2016-2019 & %7 f 45 5 4p iE 5 o

Figure 5-5.2: Slip deficit rate during 2016 - 2019 in this project .
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Table 5-5.3: Geodetic slip deficit rate in this project during 2002 - 2016 and geodetic
long-term slip rates derived from other researches.

$T A LA CGS 2019 CGS2016 | Chang 2016 Rau 2016
Aw-= 7 | 33(29-5.7) 13+3.4 38+05 58+ 1.4
Fon 89(5.1-147)| 08x1.3 09+0.3 27+19
7] 2.4 (2.5-4.3) 08+13 1.7+03 7.1
e 3.1(0.9 - 5.5) 06+22 3.9+05 -
WL 9.3(5.9-13.0)| 5.1%7.9 8.8+0.4 3.3+22
L 6.0 (3.0 - 9.5) 17429 1.8+0.4 1.1+04
R0 3.3(0.0-8.5) 1.1+2.0 1.1+05 18+1.2
4 9.9(2.8-17.0)| 4.2%6.0 54420 6.2+0.3

30 CGS 2019 : ~4p %3¢ £ 2002-2016 & &7k Pl 45 e df i 5 o

CGS 2016 : 2016 & ¢ + = 34 & #7438 4 2002-2016 & 1k Pl £ ) 453 & o

Chang 2016 : 20. Chang, W.-L., K.-E. Ching, C.-H. Lee, Y.-R. Lee, and C.-F. Lee (2016),
Earthquake potential of active faults in Taiwan from GPS observations and block modeling, Seismol.
Res. Lett., 87, doi:10.1785/0220160094.
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Figure 5-5.3: Geodetic slip deficit rate in this project during 2002 - 2016 and geodetic slip rates derived
from other researches.
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Table 5-5.4 : Geodetic slip deficit rate in this project during 2002 - 2016 and geologic
slip rates derived from other researches.

#k A CGS 2019 | GEOLOGY (CGs&zﬁfgi.ﬂGéE 5‘1'_@(’—) -
/S Sl 3.3 10.2 59
ATt 8.9 - -
g2 2.4 5.0 -2.6
EX 2 3.1 - -
LD 9.3 2.4 6.9
w 33 14 19
% 9.9 5.8 a1

70 CGS 2019 © &g A 4%+ 2002-2016 +# 7k pl3 g5 df i 5 o
GEOLOGY : ¢ & » Fad A or T 4 s drk BE R 8 RRpd #1634

Fault Slip Rate {mm/yr)
)

-4
B
-8
N « N & N & & &
Q& > & AN N & N
S & & s° ¢ s & 3
55 & 5 § § N & &
& & 3 A§ & C & F
R &
& F
N <
&
CGS 2019 GEOLOGY CGS 2019 - GEOLOGY

\
Bl 5-5.4 1 &3+ 3§ 2002-2016 - Pl 97K A SR E 5B K B RS aE SO0t ) o

Figure 5-5.4: Geodetic slip deficit rate in this project during 2002 - 2016 and geologic slip rates derived
from other researches.
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Figure 6-1.1: 18th April 2019 Earthquake event report from CWB.
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Figure 6-1.2: The focal mechanism and seismic wave inversion of 2019 Hualien earthquake event
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Figure 6-2.1: Geological map in eastern Taiwan (Chang et al., 2001).
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Figure 6-2.2: 1951 Hualine-Taitung earthquake sequence and 2003 Chengkung earthquake (Ching et al.,
2007).
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Figure 6-3.1: Coordinate time series of TUNM and PEPU stations. Gray lines represent the original time
of event. The numbers represent coseismic displacements calculated by average coordinate differences
between four-day after and five-day before the earthquake.
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Figure 6-3.2: GPS coseismic displacements of earthquake at Hsiulin township 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 6-3.3: The coseismic surface deformation field of LOS direction from Sentinel-1satellite of
Hualien earthquake.
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Figure 6-4.1: 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;
MLNF: 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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Chapter 7: 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
2019. The periodic effects and postseismic deformation were also condidered. Besides,
geodetic data from 761 campaign-mode GPS stations and 30 precise leveling routes
and 12 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 image from April
2015 to September 2019 were processed. 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. The results of combining the
ascending and descending images to obtain the surface deformation in the east-west
component and the vertical component could be obtained. The Dongshi Township of
Chiayi, the inland of Yunlin, and Linbian, Jiadong in Pingtung county are the main
subsidence areas. The amount of subsidence can reach nearly 30 mm/yr. The main uplift
is located at the Tainan area at a rate of approximately 15 mm/yr, while the Longci
region has the largest uplift rate of approximately 25 mm/yr. The result is consistent
with GPS, showing that the reliability of this result is quite high. It is found that in the
nine active faults in this area, obvious speed discontinuities can be seen mainly across
the Houchiali fault, the Chishan fault, the Hsiaokangshan fault, and the Liuchia-
Muchiliao fault. In terms of time series analysis, the time series of the SENTINEL-1
satellite has a good correlation with the GPS time series. Most of the faults have no

obvious speed difference between the footwall and the hanging wall. However, the
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relative speed between the stations after crossing the Houchiali fault seems to have
changed greatly after the Meinong earthquake. The GPS and InSAR results show that
the uplift rate in Tainan tableland became faster after the Meinong earthquake.

We integrated GPS and InSAR results using the Quadtree method. At present, we
are still testing how to give proper weights to the PS-InSAR velocity field and getting
better modeling results when the GPS and leveling data are adopted in the same time.

The horizontal and vertical velocity fields from 2002 to 2016 was inverted by the
BLOCKS, the DEFNODE and the baseline inversion models for estimating slip deficit
rate on each active fault in southern Taiwan. The weights of different modeling results
were discussed at the working meeting and the weighted average slip deficit rate was
calculated. The results show that the weighted average slip deficit rate of Liuchia-
Muchiliao fault is 3.3 mm/yr; Hsinhua fault is 8.9 mm/yr, Houchiali fault is 2.4 mm/yr;
Zuozhen fault is 3.2 mm/yr; Hsiaokangshan fault is 9.2 mm/yr; Chishan fault is 5.9
mm/yr; Chaochou fault is 4.5 mm/yr and Hengchun fault is 10.0 mm/yr. However, the
reliability of estimated slip deficit rates in southern Taiwan is low because the deficit
rates derived from different models have low coherence. This low reliability may be
caused by the inelastic deformation which is not related to fault motion, such as mud
diapirim. In addition, results from comparing our geodetic fault slip rates with others
indicate that it is necessary to evaluate geodetic slip deficit rates using different models
because the result is highly model dependent. Finally, we attempted to invert vertical
velocities for estimating the slip rate in this project. However, the vertical velocity field
may be contaminated by the non-tectonic motion so that the vertical velocity fitting is
not good. We will continue to explore the effects to the vertical motion caused by non-
tectonic activities. In addition, how to estimate the seismic hazaed using geologic and

geodetic fault slip rates simultaneously is also our future work.
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