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Table A : The Gantt Chart of expected progress this year.
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EE T B (Check Point)©

Table B : Check point of expected prgress.
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Table C : Various work items delivered at the end of the period.
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Abstract

This project uses Persistent Scatterer SAR Interferometry
(PSI) method to uncover the surface deformation in the northern
Taiwan. The main targets include the Sanchiao Fault, Hukou
Fault, Husinchu Fault, Hsincheng Fault, Shihtan Fault, Sanyi Fault,
Tuntzuchiao Fault, as well as Hsinchu Science and Industrial Park

and Taipei metropolitan area.

We have completed mean velocity in three time intervals
(2014-2018, 2018-2021, and 2022). The division is based on the data
availability, calculation time, and possibly data quality. Because of
the malfunction of the Sentinel-1B satellite, we divided the satellite

data into the aforementioned 3 segments.

The calculated radar data then were used to extract profiles
from important area for further investigation. In addition, we
compared the contemporary GNSS and leveling data to validate the
quality of radar data. The verified data will be used to investigate

surface deformation in northern Taiwan, and their implications.

KEYWORDS : Radar interferometry, active fault, surface
deformation, Hsinchu Science and Industrial Park,

Taipei metropolitan area.

XVIII



b

B—E M

1-1 ST

E 1AL FAER GER BE B SER B AR BRI o 1 %2 R B AR B 21 B
ot DI ERG\A TR ER G WEE S @58 - B
Hh R B ZN o R A0t > &89 S B 5 B R E S HP L ERE
MEZEHIT TEEIEEEE R R 25 HETE106~1094FEE
HAT B VUREEETE M 2R 2 E0 R 40 ~ 5K ERI & ~ DU R
ZETRSRIEHEEE R - B & IEE M EE R -

WS TR B e B Ot R it RSB R H B BB ERAN
T 8 B B B AL g 2 A RS B A R B AN = SR m A B Y
FH 2 % 2 > 1 EH MRS 2 Bl A9 1 2 220 RINB 4202249 H 3% A= itk |
BB LA RE > fE 8 2 /S 1 R A & 35 2 il 2 AT 2 T2
BT RE S AR gk S B AERE S EAE &
RKAKKE - RERGE S R SR E SR T E > th 8 sl T B2
TSR L - I B 0 n] BE 28 Al A 2 T3 it > AN E& fE ~ 2245 ~ B
MR O EgEIK B RARE G ERRE2E SIS S
FEAR SR H A Pl RS2 B F2 8 JE B A M 2 25 2 il S N [ 48
EEEL -

7y 1R A S I R B Y > THEHE 110 R 111455 — R B
Al HEIBFEIE (1122 1144F) - M E 22 0 T EUG $ ¥ H
FER A (At 2 B 1 OB B o3 A  FHETAE 11248 FE S B AL B Hh & 1 £
el (L& LA ~ 5 R ~ S T B ~ S e ~ T R T
—REE E e ES R TR 2EE 2L RFE
8 S AL T > A 11 347 FE S S PR R 8 i 7S R B (& KA
S ETE ~ 2B ~ BRESHETE AP - L T~ WA E
B Ik ) B A i A 22 o ~ 22 P AT I 5 R R B - DUR 11448
JEE 365 B RS ot 8 P \ AR T (5 0K s T ~ 2R THL T ~ o R
wT R EE ~ & BT -~ th b B~ REE B N B SR R ) B AR



R A SRR AR B 2 ) ~ N T R R 5 R e S R A T i LS
MG R AETT 0 - (E1-1)

[E1-2 BE /R AR AR = 4F TR A 22 [ I8k DA s o 8] A ) 77 Bl g B e
LR ~ RAR R A S BA AR & & - A BE 7 AR 2 MR T ~ B B A2
A0 21 ST CE T FE 0 [ P A 28 1T 3 5 » 2 B X 0 S 0 U0 8 45 5 5 (8 PT RE
Y B S (I -

H 1129 114457 Al LR & ~ Al i & ~ DU o650 4 & 1
T B i B M R AR T M SR BT R B P M R A s T
P T A A A B R B TE BN I HAE R R EE R
1) P 658 75 0 1401 B A A R R A BRI R B 2 GNSS DU B 7K B L A
w il - FER I SEE R > B S e & RN B = B 5 M ag S
WAL B > 28 T B 5 A2 A 2R« BT 2 A9 TAEFRAM AT LUK B 57 Ak Y
& FR8 5y ([E1-3) - HER RSP B HHEE RS E A DU B RE 5t &
Fe o HAP TR P & BB & FRIL S P IERE A BEE
S B IE AR HEAS ~ H DR KR [ X TE A 285 2 A B B 3t L ot - [ KA
B EWFEE K E . R AR A ~ 1 M Ha] DU & RS R -



112- 11455+ HAREER  JE e A

25.0°N

HTTA S E &

24.5°N

24.0°N

23.5°N

& 51
—— 112 E RBEE

—— 113EE_EERE

—_ 11455EJE Eé‘b %ﬁ)ﬁ'
23.0°N

- I%E
=)

Te e
N .
120.5°E 121.0°E 121.5°E 122.0°E

BI1-1: ERRWE S - 11247 B THET S5 AEET I R OISR < B DU AL B
G AR o B T S B 5 T 5 11 34 B Y60 v St A R 2 i 1L
e B8 B 0 [ BRSSO B 0 A 5 114 4F BB Bt [ AL
TR 2 B i DB 25t B e £ L RS 7 2 L S A B 0 B 7 A

Figure 1-1: Target area. 2023 targets in northern Taiwan, where faults are
labeled in black. Other important areas were labeled in pink and purple.
2024 targets the central Taiwan, and faults are labeled in orange. Purple
and blue areas are the important areas for observation. 2025 targets the
eastern Taiwan, and faults are labeled in red. Purple and green areas are the
important areas for observation.
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Figure 1-4: (Left) LOS Velocity field in ascending track between 2018

and 2020 in the Kaohsiung-Pingtung area. (Right) LOS Velocity field

in descending track between 2018 and 2020. Shortening in slant range
direction (rate in positive with warm colors) represents toward the
satellite and elongation in slant range direction (rate in negative with cold
colors) represents away from the satellite. Reference point is the continuous
GNSS station SANW. Color-coded diamonds represent projection of
3-directions GNSS velocity to LOS direction towards the satellite.
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Figure 1-7: Profiles across the CheKuaLin Fault. The red dots are the PSI
velocity, the black line is the average line, the gray dashed lines are the fault
location, and the gray solid line is the terrain.
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Figure 1-8 - Average LOS velocity fields between 2018 and 2020 processed
with images of ascending orbits and profiles across the HsiaoKangShan

Fault. The red dots are the PSI velocity, the black line is the average line, the
gray dashed lines are the fault location, and the gray solid line is the terrain.
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Figure 1-9: (Left) LOS Velocity field in ascending track between 2018
and 2021 in the Kaohsiung-Pingtung area. (Right) LOS Velocity field
in descending track between 2018 and 2021. Shortening in slant range
direction (rate in positive with warm colors) represents toward the
satellite and elongation in slant range direction (rate in negative with
cold colors) represents away from the satellite. Reference point is the
continuous GNSS station S103. Color-coded diamonds represent projection
of 3-directions GNSS velocity to LOS direction towards the satellite.
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Figure 1-10 - Comparison of surface deformation derived from radar interferometry
and GNSS. The data in the 2™ time period (2018-2021) has almost perfect correlation.
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Figure 1-11: Surface deformation status near the Houchiali Fault.
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Figure 1-12: Surface deformation profile near the Houchiali Fault.

16



1-5 stETIE AR
1-5-1 ERFALEEEED T (Interferometry

Synthetic Aperture Radar, InSAR)
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1-5-2 ZRFBEES THEM (Multi-
Temporal InSAR)
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.
(a) phase change from geometry (b) phase change from deformation

B1-13: B2 A0 T GBS L LI R Y &« B~ = B & (E
(Wright, 2002) °

Figure 1-13 - Figure shows how InSAR images detect phase changes resulting
from surface deformation. (Wright, 2002)

PR R ) 2K AR 88 2 77 7% (Permanent Scatterer InSAR,
PSInSAR™) $iff (Ferretti et al., 2000, 2001) ~ AR TFELE DT
PWHA (Small Baseline Subset, SBAS) /7 (Berardino et al., 2002
)~ S P K ARG HE (Stanford Method for Persistent Scatterers,
StaMPS) £ (Hooper et al., 20045 Hooper et al., 2007; Hooper,
2008) ~ LA K SqueeSAR™HAT (Ferretti et al., 2011) ©

HA KA %257 T (Permanent  Scatterer  InSAR,
PSInSAR™) 47 R0 FHol K A BN #8 (Stanford ~ Method  for
Persistent Scatterers, StaMPS) Fiifi /& H i & A R kL - 13
P R T LR S K A BT S (Persistent Scatterers, PS) AYME &
EH AT - F 22 1B 8 2 IR T8 E B A A S e b (Signal
Noise Ratio, SNR) HJ53R @ B RGN E R A 7K ABUN S 7
7 B AE AL EIE (unwrapping) HYEE B > 5] DUA Z4IE 15 7K A RS 8
3 2R AL A & R > R B9 P B R i AN JRE R B8 T I0 G A Y [ 380 #5 H R
75 15 Rl B I 15 SR AH AL B2 (Y I8 AR ML 2 B9 50 7 F2 467 BfE m] T8
2 TR AU B 2 0 T BT 5 o (B A Permanent Scatterer InNSAR
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SR C A RS R AR G351 45 7% & Persistent Scatterers
Interferometry (PSI) °
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SATM HooperfTHi2 Hi Y StaM P SHART » RII 32 1 2 [ AH Bl 1 Y 704 B AR
BRI AAL A 75 20 FEAZE ISR P2 5 RUAR G T - it
RETE AR SR L BASKE RI ) ot 2 5 12 [ g > il ~ BT ~ L 1 B
5o AR YIRS E ([E1-14) -

27 B SR T Z I R T R DR AR E 2 ) R B I A
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T > e L AR I 57 [ R 02 BRSO S - AR B DR Y B R
5% RBAZGBREMBNBE  EBEERE 2 TN EIREEN
RS R T I THENE T -
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211 ZRFEEAR D TR R AR -

Table 1-1- List of potential multi-temporal InSAR algorithms.

Ik THGEE | EGRESEN R | SR HEoz (148 77 5
4 (R [E)
pSI™! HIEE G | RIS S e
4 GHIESE)
ZEMERAE T | — 4 (MCF)
SBAS? EA B 72 B LY
S 4 (SVD)
— A+ 4
IPTA® IS | RIS LA R
(5 BE DR AR RS
ZeRFERARLEY 4 (R )
StaMPS* A RS- AC R A
St T (SR
4 (RSP IR
pSPs ol =R -7C S E LA R
T OB BE R )
3 I 4 (R [E)
SqueeSAR™S | B iF 3 1% St
AR 4 GHIESE)
o 2 (fF s F B[]
5 i B LR R o \
TCP? eA B A (R AN D)
22 U5 M R A 8 IR 5 N
a4 CGRIEEZE)
B ACCETED
QPS® ZIRTEG  |REESEE G 7R

4 (HEEFE)

1. PSI™ (Permanent Scatterer InSAR, Ferretti et al., 2000, 2001) ;
2. SBAS (Small Baseline Subset, Berardino et al., 2002) ;

3. IPTA (Interferometric Point Target Analysis, Werner et al., 2003) ;
4. StaMPS (Stanford Method for Persistent Scatterers, Hooper et al., 2004,

2007; Hooper, 2008) ;

5. PSP (Persistent Scatterer Pairs, Costantini et al., 2008, 2012) ;

6. SqueeSAR™ (Ferretti et al., 2011) ;

7. TPC (Zhang et al., 2011)

8. QPS (Quasi Persistent Scatterers,)

(Perissin and Wang, 2012) °
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®11-14 : UKE;Eyjafjallajokul DK LA B R PSIRE [ 7 413t 3R 52 2 & (Hooper,
2008) °

Figure 1-14 : Figure shows time series of PSI-extracted surface deformation

around Eyjafjallajokull Volcano, Iceland.
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Figure 1-17 * Strip Map of the Hukou Fault.
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Figure 1-22: Strip Map of the Tuntzuchiao Fault.
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table 2-1- Background information of Sentinel-1 images in this project.
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Figure 2-1 : Orbits information of Sentinel-1 in the study area.
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Figure 2-2 - Scatterer can generates various scatter and noise with different

amplitudes. (Osmanoglu et al., 2016)
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Figure 2-3  Illustration of phase in persistent scatterer. (a) time series of
normal scatterer reflects radar phase; (b) a good reflector in a pixel will

alter the reflect signals.
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Figure 2-4 - First stage of radar processing - flow chart of radar
interferometry. In this stage, we use GMTSAR for radar interferometry,
and export it to STaMPS format. Part A is the preprocessing of Sentinel-1
images. Part B is for radar interferometry. Part C is exporting the data to
StaMPS format.
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Figure 2-5:Second stage of radar image processing. PSI workflow. This
stage is to calculate the average velocity in the study region.
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Figure 2-6 - East-west and vertical annual velocity derived from Sentinel-1.
Warm color depicts eastward or upward motion, and cold color depicts the

westward and downward motion. Arrow indicates GNSS horizontal velocity,
circles are vertical velocity from GNSS.
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Figure 2-7 - East-west and vertical annual velocity derived from Sentinel-1.
Warm color depicts eastward or upward motion, and cold color depicts the
westward and downward motion. Arrow indicates GNSS horizontal velocity,
circles are vertical velocity from GNSS.
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Figure 2-9 (a) Fault parameters; (b) parameters from (a) can be fed into
Okada model.
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Figure 2-10 - Using continuous deformation information in Okada model to
calculate fault geometry.
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Figure 2-11- Flow chart. Velocity from radar interferometry can be used to
calculate model fault geometry and slip rate. Full fault geometry can be used
to calculate earthquake source and other parameters.
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Figure 3-1:Orbits information of Sentinel-1 in the study area.
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Figure 3-2: Average LOS velocity fields between 2014 and 2018 processed
with images of ascending orbits. Warm colors represent surface approaching
satellites and cold colors represent surface moving away from satellites. The
arrows indicate satellite flight direction and incident angle.
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Figure 3-3 - Average LOS velocity fields between 2014 and 2018 processed
with images of descending orbits. Warm colors represent surface approaching
satellites and cold colors represent surface moving away from satellites. The
arrows indicate satellite flight direction and incident angle.
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Figure 3-4 - Average LOS velocity fields between 2018 and 2021 processed
with images of ascending orbits. Warm colors represent surface approaching

satellites and cold colors represent surface moving away from satellites. The
arrows indicate satellite flight direction and incident angle.
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Figure 3-5: Average LOS velocity fields between 2018 and 2021 processed
with images of descending orbits. Warm colors represent surface approaching
satellites and cold colors represent surface moving away from satellites. The
arrows indicate satellite flight direction and incident angle.
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Figure 3-6 ‘- Average LOS velocity fields between 2022 processed with images

of ascending orbits. Warm colors represent surface approaching satellites and
cold colors represent surface moving away from satellites. The arrows indicate

satellite flight direction and incident angle.
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Figure 3-7: Average LOS velocity fields between 22022 processed with images

of descending orbits. Warm colors represent surface approaching satellites and
cold colors represent surface moving away from satellites. The arrows indicate

satellite flight direction and incident angle.
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Figure 3-8 (Left) PSI results in ascending track between 2018 and 2021

in northern Taiwan. (Right) PSI results Interpolated with a 500-m grid

resolution. Warm colors represent movements toward the satellite and cold
colors represent movements away from the satellite. Reference point is the

continuous GNSS station S101.
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Figure 3-9 - (Left) PSI results in Descending track between 2018 and 2021

in northern Taiwan. (Right) PSI results Interpolated with a 500-m grid
resolution. Warm colors represent movements toward the satellite and cold

colors represent movements away from the satellite. Reference point is the
continuous GNSS station S101.
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Figure 3-10 - (Upper Left) East-West Interpolated Velocity field from GNSS
between 2018 and 2021 in the Chiayi and Tainan area. Velocity is interpolated with
the Kringing liner model. (Upper Right) East-West Velocity field resolved from
Radar data between 2018 and 2021 in this area. (Lower) Comparison between PSI
and GPS results. Reference point is the continuous GNSS station S101. Colored
diamonds represent the vertical velocity of the continuous stations. Warm colors

represent eastward and cold colors represent westward.
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Figure 3-11- (Upper Left) East-West Interpolated Velocity field from GNSS

between 2018 and 2021 in the Chiayi and Tainan area. Velocity is interpolated with
the Kringing liner model. (Upper Right) East-West Velocity field resolved from
Radar data between 2018 and 2021 in this area. (Lower) Comparison between PSI
and GPS results. Reference point is the continuous GNSS station S101. Colored
diamonds represent the vertical velocity of the continuous stations. Warm colors

represent eastward and cold colors represent westward.
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Figure 3-12: The profiles of geological structures in the northern Taiwan.
Dotted black lines are active faults and black lines are the profiles (Huang et

al., 2004).
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Figure 3-13 * Average LOS velocity fields between 2014 and 2018 processed
with images of ascending orbits and profiles across the Sanchiao Fault.
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Figure 3-14 - Result of profiles across the Sanchiao Fault between 2014 and

2018 processed with images of ascending orbits. The red dots are the PSI

velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain.
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Figure 3-16 - Result of profiles across the Sanchiao Fault between 2014 and

2018 processed with images of descending orbits. The blue dots are the PSI

velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain.
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Figure 3-18 - Result of profiles across the Sanchiao Fault between 2018 and
2021 processed with images of ascending orbits. The red dots are the PSI

velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain.
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Figure 3-19 : Average LOS velocity fields between 2018 and 2021 processed
with images of descending orbits and profiles across the Sanchiao Fault.
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Figure 3-20 : Result of profiles across the Sanchiao Fault between 2018 and
2021 processed with images of descending orbits. The blue dots are the PSI

velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain.
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Figure 3-21-Average LOS velocity fields between 2022 processed with
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Figure 3-22 - Result of profiles across the Sanchiao Fault between 2022
processed with images of ascending orbits. The red dots are the PSI velocity,
the dark gray dashed line is the average line, the gray dashed lines are

the fault location, and the gray solid line is the terrain. The velocity field

of this period has poor convergence for the solution. Compared with the
velocities of the previous two periods, the velocity field of this period is
widely spread and the velocity is much higher than the values of the previous
two periods.
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Figure 3-23 - Average LOS velocity fields between 2022 processed with
images of descending orbits and profiles across the Sanchiao Fault.
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Figure 3-24 : Result of profiles across the Sanchiao Fault between 2022
processed with images of descending orbits. The blue dots are the PSI
velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain. The velocity
field of this period has poor convergence for the solution. Compared with
the velocities of the previous two periods, the velocity field of this period is
widely spread and the velocity is much higher than the values of the previous
two periods.
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Figure 3-21: Average LOS velocity fields between 2014 and 2018 processed
with images of ascending orbits and profiles across the Hukou Fault.
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Figure 3-26 - Result of profiles across the Hukou Fault between 2014 and
2018 processed with images of ascending orbits. The red dots are the PSI
velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain.
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Figure 3-23 - Average LOS velocity fields between 2014 and 2018 processed
with images of descending orbits and profiles across the Hukou Fault.
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Figure 3-28 - Result of profiles across the Hukou Fault between 2014 and

2018 processed with images of descending orbits. The blue dots are the PSI
velocity, the dark gray dashed line is the average line, the gray dashed lines

are the fault location, and the gray solid line is the terrain.
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Figure 3-29 - Average LOS velocity fields between 2018 and 2021 processed
with images of ascending orbits and profiles across the Hukou Fault.
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Figure 3-30: Result of profiles across the Hukou Fault between 2018 and
2021 processed with images of ascending orbits. The red dots are the PSI

velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain.
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Figure 3-31: Average LOS velocity fields between 2018 and 2021 processed
with images of descending orbits and profiles across the Hukou Fault.
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Figure 3-32: Result of profiles across the Hukou Fault between 2018 and
2021 processed with images of descending orbits. The blue dots are the PSI
velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain.
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Figure 3-33 * Average LOS velocity fields between 2022 processed with
images of ascending orbits and profiles across the Hukou Fault.
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Figure 3-35:Average LOS velocity fields between 2022 processed with
images of descending orbits and profiles across the Hukou Fault.
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Figure 3-36 - Result of profiles across the Hukou Fault between 2022
processed with images of descending orbits. The blue dots are the PSI
velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain.
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Figure 3-38  Average LOS velocity fields in three periods processed with
images of ascending and descending orbits along the geological profile

1. Among the data in each period, 2018-2021 is the most convergent,
followed by 2014-2018. However, the time span is shorter, and the number
of images is fewer in 2022, so it can only show trends. In this profile, the
Shuanglianpo syncline and the Bade anticline had significant difference of
velocity in the first period but were not obvious in the next two periods.
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Figure 3-39 - Average LOS velocity fields in three periods processed with
images of ascending and descending orbits along the geological profile 2.
Among the data in each period, 2018-2021 is the most convergent, followed
by 2014-2018. However, the time span is shorter, and the number of images
is fewer in 2022, so it can only show trends. The Hukou Yangmei anticline
and the Xinzhuang fault are the main geological structures. The Hukou
Yangmei anticline has observable difference of velocity in the first period,
but not obvious in the next two periods.
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Figure 3-40 - Average LOS velocity fields between 2014 and 2018 processed
with images of ascending orbits and profiles across the Hsincheng Fault.
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Figure 3-41- Result of profiles across the Hsincheng Fault between 2014 and
2018 processed with images of ascending orbits. The red dots are the PSI
velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain, yellow area is
Hsinchu Science and Industrial Parks.
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Figure 3-42: Average LOS velocity fields between 2014 and 2018 processed
with images of descending orbits and profiles across the Hsincheng Fault.
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Figure 3-43 : Result of profiles across the Hsincheng Fault between 2014 and
2018 processed with images of descending orbits. The blue dots are the PSI
velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain, yellow area is
Hsinchu Science and Industrial Parks.
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Figure 3-44: Average LOS velocity fields between 2018 and 2021 processed
with images of ascending orbits and profiles across the Hsincheng Fault.
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Figure 3-45: Result of profiles across the Hsincheng Fault between 2018 and
2021 processed with images of ascending orbits. The red dots are the PSI
velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain, yellow area is
Hsinchu Science and Industrial Parks.
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Figure 3-46 - Average LOS velocity fields between 2018 and 2021 processed
with images of descending orbits and profiles across the Hsincheng Fault.
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Figure 3-47 : Result of profiles across the Hsincheng Fault between 2018 and
2021 processed with images of descending orbits. The blue dots are the PSI
velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain, yellow area is
Hsinchu Science and Industrial Parks.
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Figure 3-48 - Average LOS velocity fields between 2022 processed with
images of ascending orbits and profiles across the Hsincheng Fault.
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Figure 3-49 - Result of profiles across the Hsincheng Fault between 2022
processed with images of ascending orbits. The red dots are the PSI velocity,
the dark gray dashed line is the average line, the gray dashed lines are the
fault location, and the gray solid line is the terrain, yellow area is Hsinchu
Science and Industrial Parks.
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Figure 3-50 - Average LOS velocity fields between 2022 processed with
images of descending orbits and profiles across the Hsincheng Fault.
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Figure 3-51 - Result of between 2022 processed with images of descending
orbits. The blue dots are the PSI velocity, the dark gray dashed line is the
average line, the gray dashed lines are the fault location, and the gray solid
line is the terrain, yellow area is Hsinchu Science and Industrial Parks.
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Figure 3-52: The profiles of geological structures near the Hsincheng Fault.

Dotted red lines are active faults and black lines are the profiles (Huang et
al., 2004).
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Figure 3-53 ° Average LOS velocity fields in three periods processed with
images of ascending and descending orbits along the geological profile 5.
Among the data in each period, 2018-2021 is the most convergent, followed
by 2014-2018. However, the time span is shorter, and the number of images

is fewer in 2022, so it can only show trends. The Hsincheng fault has
significant difference of velocity in the first period and slightly difference of
velocity in the second period. It is not significant in the latest data.
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Figure 3-54 - Average LOS velocity fields in three periods processed with
images of ascending and descending orbits along the geological profile 6.
Among the data in each period, 2018-2021 is the most convergent, followed
by 2014-2018. However, the time span is shorter, and the number of images
is fewer in 2022, so it can only show trends. The activities of the Hsinchu

fault and the Hsincheng

fault are not significant.
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Figure 3-55: Average LOS velocity fields between 2014 and 2018 processed
with images of ascending orbits and profiles across the Sanyi Fault.

126



2014-2018 Asc
SYI1 Sanyi Faulti SYI1’

LOS (mm/yr)
o

0 1 2 3 4 5 6 7 8 9 10 11 12 13
Distance (km)

SYI2 ESanyi Fault SYI2’
5 5; :
E  prruRbdudaagt. i g BRWG L. 0
E of TRt R Bt e bl % bien
n
3 -5
-10

O 2 4 6 8 10 12 14 16 18 20 22
Distance (km)

10 7
1Sanyi Fault 4

= SYI3 Tuntzuchiao Fault; anyirad SYI3
35 5 T 1
E | . :
E 0 P F aaillag) . .ol Bt o7k S
s ? ..............
S -5 -

-10

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Distance (km)

— SYI4 ESanyi Fault SYI45
> 51 !
E i o'
IR SR Vs 17 T it vy RO N S T §W U Ly
» . i ’
8 5

-10

0 2 4 6 8 10 12 14 16 18 20 22 24
Distance (km)

§13-56 1 2014-2018 = F B & T 5215 B9 T CR © ALK 2 PSIZE T > TR
JIE SR A P E AR ER SR A B g B OB AR R e -

Figure 3-56 - Result of profiles across the Sanyi Fault between 2014 and 2018
processed with images of ascending orbits. The red dots are the PSI velocity,

the dark gray dashed line is the average line, the gray dashed lines are the
fault location, and the gray solid line is the terrain.
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Figure 3-57 - Average LOS velocity fields between 2014 and 2018 processed
with images of descending orbits and profiles across the Sanyi Fault.
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Figure 3-58 - Result of profiles across the Sanyi Fault between 2014 and
2018 processed with images of descending orbits. The blue dots are the PSI

velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain.
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Figure 3-59 - Average LOS velocity fields between 2018 and 2021 processed
with images of ascending orbits and profiles across the Sanyi Fault.
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Figure 3-60 - Result of profiles across the Sanyi Fault between 2018 and 2021
processed with images of ascending orbits. The red dots are the PSI velocity,

the dark gray dashed line is the average line, the gray dashed lines are the
fault location, and the gray solid line is the terrain.
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Figure 3-61 - Average LOS velocity fields between 2018 and 2021 processed
with images of descending orbits and profiles across the Sanyi Fault.
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Figure 3-62: Result of profiles across the Sanyi Fault between 2018 and

2021 processed with images of descending orbits. The blue dots are the PSI

velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain.
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Figure 3-63 - Average LOS velocity fields between 2022 processed with
images of ascending orbits and profiles across the Sanyi Fault.
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Figure 3-64 - Result of profiles across the Sanyi Fault between 2022
processed with images of ascending orbits. The red dots are the PSI velocity,
the dark gray dashed line is the average line, the gray dashed lines are the
fault.
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Figure 3-65: Average LOS velocity fields between 2022 processed with
images of descending orbits and profiles across the Sanyi Fault.
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Figure 3-66 - Result of profiles across the Sanyi Fault between 2022
processed with images of descending orbits. The blue dots are the PSI

velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault.
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Figure 3-68 - Average LOS velocity fields in three periods processed with
images of ascending and descending orbits along the geological profile 9.
Among the data in each period, 2018-2021 is the most convergent, followed
by 2014-2018. However, the time span is shorter and the number of images is
fewer in 2022, so it can only show trends. The activities of the Sanyi fault is
not significant.

139



LINE 10 ? j¢
i

LINE N4

KM
1
2.
3
4.
5
64
7
8
9.
10
1 :
10 2.01 4-2018 Asc 2000
— 1 0 :Sanyl Fault 1 0, _
R, : 1500 E
£ \*\ 3 =
£ 0 s :t et 1000 &
g s : 500 2
-10 ; 0
0 5 10 15 20 25 30 35
_5 2'014-2018 Des 2000
— 1 0 :Sanyl Fault 1 0, n
g0 ‘ 1500 E
N T ; =
=15 : 1000 S
3 20 : 500 &
-25 ; 0
0 5 10 15 20 25 30 35
25 2018-2021 Asc 2000
1 0 :Sanyl Fault 1 0, R
g2 : -~ t1s00 E
£ 1 : £
£ 1000 S
% 10 -
25 500 2
0 0
0 5 10 15 20 25 30 35
2018-2021 Des
10 iSanyi Fault 10 2000
g ° : 1500 E
E : : j £
é 0 “\..,_/»/“-Nm—\/ ..................... :u, L 1000 g
/0] : g
S 5 : 500 2
0
0 5 10 15 20 25 30 35
40 : 2022 Asc 2000
. 1 0 :Sanyl Fault 1 0, ~
g% ; 1500 E
E : c
E 20 RYESRERINR . 1000 S
P ’ ‘ :
310 : 500 2
0 ' 0
0 5 10 15 20 25 30 35
2022 Des
-10 10 \Sanyi Fault 10 2000
g 1500 €
£ -30 [k c
-1 " : 1000 £
40 R e, T
N ' s Y 3
3 %0 f 500 2
-60 ! .
0 5 10 15 20 25 30 35

Distance (km)

B13-69 : HIUE |10 Z 5 4% = A AP G 2 ik - K& RA - 2018-
2021 B RHR UL B > 2014-2018 2R 2 » T 202 24F I L] ER i o ~ s B H de /) » U AE
BNE#E - fEItHIEA =RETE G E) AN -

Figure 3-69 - Average LOS velocity fields in three periods processed with
images of ascending and descending orbits along the geological profile 9.
Among the data in each period, 2018-2021 is the most convergent, followed
by 2014-2018. However, the time span is shorter and the number of images is
fewer in 2022, so it can only show trends. The activities of the Sanyi fault is
not significant.
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Figure 3-70 - Average LOS velocity fields between 2014 and 2018 processed
with images of ascending orbits and profiles across the Taoyuan tableland.
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Figure 3-71: Result of profiles across the Taoyuan tableland between 2014
and 2018 processed with images of ascending orbits. The red dots are the PSI

velocity, the dark gray dashed line is the average line, the gray dashed lines
are the fault location, and the gray solid line is the terrain.
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Figure 3-72: Average LOS velocity fields between 2014 and 2018 processed
with images of descending orbits and profiles across the Taoyuan tableland.
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Figure 3-73 : Result of profiles across the Taoyuan tableland between 2014
and 2018 processed with images of descending orbits. The blue dots are the

PSI velocity, the dark gray dashed line is the average line, the gray dashed
lines are the fault location, and the gray solid line is the terrain.
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Figure 3-74 * Average LOS velocity fields between 2018 and 2021 processed
with images of ascending orbits and profiles across the Taoyuan tableland.
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Figure 3-75 : Result of profiles across the Taoyuan between 2018 and 2021
processed with images of ascending orbits. The red dots are the PSI velocity,

the dark gray dashed line is the average line, the gray dashed lines are the
fault location, and the gray solid line is the terrain.
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Figure 3-76 - Average LOS velocity fields between 2018 and 2021 processed
with images of descending orbits and profiles across the Taoyuan tableland.
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Figure 3-78 - Average LOS velocity fields between 2022 processed with
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Figure 3-79 - Result of profiles across the Taoyuan tableland between 2022

processed with images of ascending orbits. The red dots are the PSI velocity,

the dark gray dashed line is the average line, the gray dashed lines are the

fault.
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Figure 3-80 - Average LOS velocity fields between 2022 processed with
images of descending orbits and profiles across the Taoyuan tableland
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Figure 3-81: Result of profiles across the Taoyuan tableland between 2022
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Figure 3-82- Average vertical velocity fields between 2018 and 2021 across
the Sanchiao Fault.
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Figure 3-83 : Average vertical velocity fields between 2018 and 2021 across
the Sanchiao Fault. The red dots are the PSI velocity in ascending orbit,
the blue dots are the PSI velocity in descending orbit, the green line is the
vertical velocity, the dark gray dashed line is the average line, the gray
dashed lines are the fault location, and the gray solid line is the terrain.
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Figure 3-84 - Average vertical velocity fields between 2018 and 2021 across
the Hukou Fault.
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Figure 3-85: Average vertical velocity fields between 2018 and 2021 across

the Hukou Fault. The red dots are the PSI velocity in ascending orbit, the
blue dots are the PSI velocity in descending orbit, the green line is the
vertical velocity, the dark gray dashed line is the average line, the gray

dashed lines are the fault location, and the gray solid line is the terrain.
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Figure 3-86 - Average vertical velocity fields between 2018 and 2021 across
the Hsincheng Fault.
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Figure 3-87 - Average vertical velocity fields between 2018 and 2021 across
the Hsincheng Fault. The red dots are the PSI velocity in ascending orbit,
the blue dots are the PSI velocity in descending orbit, the green line is the
vertical velocity, the dark gray dashed line is the average line, the gray
dashed lines are the fault location, and the gray solid line is the terrain.
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Figure 3-88 - Average vertical velocity fields between 2018 and 2021 across
the Sanyi Fault.
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Figure 3-89 * Average vertical velocity fields between 2018 and 2021 across
the Sanyi Fault. The red dots are the PSI velocity in ascending orbit, the
blue dots are the PSI velocity in descending orbit, the green line is the
vertical velocity, the dark gray dashed line is the average line, the gray
dashed lines are the fault location, and the gray solid line is the terrain.
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Figure 3-90 : The map for the GNSS stations of the important area.
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Figure 3-91: PSI time series of the GNSS stations BANC, CWBN, GBRS,
YMSM, GS15, GS16, JUNA, PAO2, TCMS and YAME for ascending orbits

between 2018 and 2021.
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Figure 3-92: PSI time series of the GNSS stations BANC, CWBN, GBRS,
YMSM, GS15, GS16, JUNA, PAO2, TCMS and YAME for descending orbits
between 2018 and 2021.
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Figure 3-93 : The map for the observation well of groundwater with PSI
result for ascending orbits between 2018 and 2021 in Taipei basin.
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Figure 3-94 - The map for the observation well of groundwater with PSI
result for descending orbits between 2018 and 2021 in Taipei basin.
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Figure 3-95: PSI and observation well of groundwater time series in Taipei
basin. Figures of left are the results for the ascending orbits and right are
the results for the descending orbits between 2018 to 2021. The green dots
are the PSI time series, and the blue line is groundwater level.
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Figure 3-96 : The map for the observation well of groundwater with PSI
result for ascending orbits between 2018 and 2021 in Taoyuan area.
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Figure 3-97 : The map for the observation well of groundwater with PSI
result for descending orbits between 2018 and 2021 in Taoyuan area.
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Figure 3-98 - PSI and observation well of groundwater time series in Taoyuan
area. Figures of left are the results for the ascending orbits and right are the
results for the descending orbits between 2018 to 2021. The green dots are

the PSI time series, and the blue line is groundwater level.
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Figure 3-99 : Time series from 2018 to 2021 across the faults in northern
Taiwan. (left) The results of ascending orbit, (right) the results of descending
orbit. From top to bottom are Sanchiao Fault (SCO), Hukou Fault (HKO),
Hsincheng Fault (HCG) and Sanyi Fault (SYI). The blue dots are the
displacement of each image relative to the master image in the line-of-

sight(LOS) direction.
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Table 4-1: Numbers of Sentinel-1A satellite images used in this project.

2014-2018 2016-2018 2018-2021
F#(Ascending) 7518 2171 2718
[ #/L(Descending) 601 22715 16115
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Table 4-2 * Numbers of GNSS stations in each period.

2014-2016 2016-2018 2018-2021
F#l(Ascending) 84 92 72
[%#l(Descending) |98 100 79
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Table 4-3 - Comparisons of velocity fields between PSI and GNSS results through

2014-2018.

slope R? RMSE

Ascending 0.2527 0.3198 4.2605
FERILE R  10.3180 0.4855 3.3075
Descending 0.3535 0.3882 3.1755
FERILE R  10.4160 0.4078 3.1392
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Figure 4-2: Mean velocity field in ascending track between 2014 and 2018.
Shortening in slant range direction (rate in positive with warm colors)
represents toward the satellite and elongation in slant range direction (rate
in negative with cold colors) represents away from the satellite. Reference
point is the continuous GNSS station S101. Color-coded diamonds represent
projection of 3-directions GNSS velocity to LOS direction towards the

satellite.
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Figure 4-3:2014-2018 ascending PSI velocity field compared to continuous
GNSS of the same period. Station S101 was used as the reference station.
(Left) result of all GNSS stations. (Right) result of removing GNSS stations
in the mountain area. Although the slope of the fitted line is far from ideal,
the correlation between PSI and GNSS data is linear with limited dispersion

from the fitted line.
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Figure 4-4 * Mean velocity in dscending track between 2014 and 2018.
Shortening in slant range direction (rate in positive with warm colors)
represents toward the satellite and elongation in slant range direction (rate
in negative with cold colors) represents away from the satellite. Reference
point is the continuous GNSS station S101. Color-coded diamonds represent
projection of 3-directions GNSS velocity to LOS direction towards the
satellite.
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Figure 4-5:2014-2018 descending PSI velocity field compared to continuous
GNSS of the same period. Station S101 was used as the reference station.
(Left) result of all GNSS stations. (Right) result of removing GNSS stations
in the mountain area. Although the slope of the fitted line is far from ideal,
the correlation between PSI and GNSS data is linear with limited dispersion
from the fitted line.
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Table 4-4 - Comparisons of velocity fields between PSI and GNSS results through

2018-2021.

slope R? RMSE

Ascending 0.8699 0.7219 3.0860
BERILE AT 10.8243 0.7481 2.5908
Descending 0.8670 0.4324 2.8995
BERILEHET 11,0232 0.6260 2.0796
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Figure 4-6 - Mean velocity field in ascending track between 2018 and 2021.
Shortening in slant range direction (rate in positive with warm colors)
represents toward the satellite and elongation in slant range direction (rate
in negative with cold colors) represents away from the satellite. Reference
point is the continuous GNSS station S101. Color-coded diamonds represent
projection of 3-directions GNSS velocity to LOS direction towards the

satellite.
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Figure 4-7:2018-2021 ascending PSI velocity field compared to continuous
GNSS of the same period. Station S101 was used as the reference station.
(Left) result of all GNSS stations. (Right) result of removing GNSS stations
in the mountain area.
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Figure 4-8 - Mean velocity field in descending track between 2018 and

2021. Shortening in slant range direction (rate in positive with warm colors)
represents toward the satellite and elongation in slant range direction (rate
in negative with cold colors) represents away from the satellite. Reference
point is the continuous GNSS station S101. Color-coded diamonds represent
projection of 3-directions GNSS velocity to LOS direction towards the
satellite.
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Figure 4-9:2018-2021 descending PSI velocity field compared to continuous
GNSS of the same period. Station S101 was used as the reference station.
(Left) result of all GNSS stations. (Right) result of removing GNSS stations
in the mountain area.
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Table 4-5* Comparisons of velocity fields between PSI and GNSS results through

2022.

slope R? RMSE

Ascending 0.3223 0.3592 6.8054
FEBRIEERNSE  0.3276 0.3731 6.6843
Descending 0.0161 0.0008 7.9250
FEBRIERE  0.0211 0.0016 7.6471
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Figure 4-10 - Mean velocity field in ascending track between 2022.
Shortening in slant range direction (rate in positive with warm colors)
represents toward the satellite and elongation in slant range direction (rate
in negative with cold colors) represents away from the satellite. Reference
point is the continuous GNSS station S101. Color-coded diamonds represent
projection of 3-directions GNSS velocity to LOS direction towards the

satellite.
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Figure 4-11:2022 ascending PSI velocity field compared to continuous
GNSS of the same period. Station S101 was used as the reference station.

(Left) result of all GNSS stations. (Right) result of removing GNSS stations

in the mountain area.
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Figure 4-12 - Mean velocity field in descending track between 2022.
Shortening in slant range direction (rate in positive with warm colors)
represents toward the satellite and elongation in slant range direction (rate
in negative with cold colors) represents away from the satellite. Reference
point is the continuous GNSS station S101. Color-coded diamonds represent
projection of 3-directions GNSS velocity to LOS direction towards the
satellite.
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Figure 4-13:2022 descending PSI velocity field compared to continuous
GNSS of the same period. Station S101 was used as the reference station.
(Left) result of all GNSS stations. (Right) result of removing GNSS stations
in the mountain area. Because of the malfunction of the Sentinel-1B, number of
image acquisition is low, hence the radar data is almost unusable.
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Figure 4-14 : The map for the campaign and continues GNSS stations.
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Table 4-6 : Comparisons of velocity fields between PSI and GNSS results through

2014-2018.
slope R? RMSE
Ascending 0.3025 0.3025 4.5121
Descending 0.4794 0.643 2.8124
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Figure 4-15: Comparison of combined continuous and campaign GNSS with
PSI data in ascending track between 2014 and 2018. Shortening in slant
range direction (rate in positive with warm colors) represents toward the
satellite and elongation in slant range direction (rate in negative with cold
colors) represents away from the satellite. Color-coded diamonds represent
projection of 3-directions GNSS velocity to LOS direction towards the
satellite between 2014 and 2018.
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Figure 4-16 - Comparison of combined continuous and campaign GNSS with
PSI data in ascending track between 2014-2018.
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Figure 4-17 - Comparison of combined continuous and campaign GNSS with
PSI data in descending track between 2014 and 2018. Shortening in slant
range direction (rate in positive with warm colors) represents toward the
satellite and elongation in slant range direction (rate in negative with cold
colors) represents away from the satellite. Color-coded diamonds represent
projection of 3-directions GNSS velocity to LOS direction towards the
satellite between 2014 and 2018.
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Figure 4-18 - Comparison of combined continuous and campaign GNSS with
PSI data in descending track between 2014-2018.
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Table 4-7 * Comparisons of velocity fields between PSI and GNSS results through

2018-2021.
slope R? RMSE
Ascending 0.5339 0.1536 7.6863
Descending 1.1711 0.1349 7.2382
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Figure 4-19 - Velocity field in ascending track between 2018 and 2021.

Shortening in slant range direction (rate in positive with warm colors)
represents toward the satellite and elongation in slant range direction (rate

in negative with cold colors) represents away from the satellite. Color-
coded diamonds represent projection of 3-directions GNSS velocity to LOS
direction towards the satellite.
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Figure 4-20 : Comparison of combined continuous and campaign GNSS with
PSI data in ascending track between 2018-2021.
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Figure 4-21: Velocity field in descending track between 2018 and 2021.
Shortening in slant range direction (rate in positive with warm colors)
represents toward the satellite and elongation in slant range direction (rate
in negative with cold colors) represents away from the satellite. Color-
coded diamonds represent projection of 3-directions GNSS velocity to LOS
direction towards the satellite.
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Figure 4-22 - Comparison of combined continuous and campaign GNSS with
PSI data in descending track between 2018-2021.
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Table 4-8 : Comparisons of velocity fields between PSI and GNSS results through

2022.
slope R? RMSE
Ascending 0.2796 0.0135 28.4996
Descending -0.0944 0.0035 23.5093
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Figure 4-23 : Velocity field in ascending track between 2022. Shortening in
slant range direction (rate in positive with warm colors) represents toward

the satellite and elongation in slant range direction (rate in negative with
cold colors) represents away from the satellite. Color-coded diamonds
represent projection of 3-directions GNSS velocity to LOS direction towards
the satellite.
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Figure 4-24 - Comparison of combined continuous and campaign GNSS with
PSI data in ascending track between 2022.
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Figure 4-25 - Velocity field in descending track between 2022. Shortening in

slant range direction (rate in positive with warm colors) represents toward
the satellite and elongation in slant range direction (rate in negative with

cold colors) represents away from the satellite. Color-coded diamonds
represent projection of 3-directions GNSS velocity to LOS direction towards
the satellite.
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Figure 4-26 - Comparison of combined continuous and campaign GNSS with
PSI data in descending track between 2022.
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Figure 4-27 - Locations of leveling profiles in northern Taiwan.
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Figure 4-28 - Comparison of PSI and Shihmen-Wanli leveling route in
ascending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station GS09(2027). Vertical dashed lines
indicate the location of active faults, SCO is Sanchiao fault. Blue dash line is
the vertical velocity.
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Figure 4-29 : Comparison of PSI and Shihmen-Wanli leveling route in
descending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station GS09(2027). Vertical dashed lines
indicate the location of active faults, SCO is Sanchiao fault. Blue dash line
is the vertical velocity.

213



4-1-2 THE=Z LR

TR =2 HIRR RS L B - AR R 59528 B (B 2 T Y
RIE) > DIGNSSHEHLE Y MSMI 75 2 25 B (B (0 =M TP 2R A% IE /K #E
RiNZGBO6 N HIEE L o Al /KRR, 2558 — B Bl 18 — Rl 2 B
AR R IEE R AR A B KBRS N R B
T b P o S T 26 DR R DR o L D B L T SR i i R > M FEZ A AR
WA PSIRFEANE S » KA DAL SO BRI B R D -

1100

SE
1000 | Topography
= i
= 900
S i
B
3 800
w .
700 :
600 |
= 2018-2021 : YMSM(GBO06)
>
£ - " o A
z |
g -20 |
°
[
> |
0
Qo |
- |
|
-30 |
_ 2014-2018 |
s |
£ |
= |
g 20 YMSM(GBO06)
3 M N
%) ____—o\o_r___o__——-—"'\ o e —o
Q .
gl
(1)
-30 T : T T T T
0 1 2 3 4 5 6
Distance (km)

B14-30 : AKEEHNAR-TRE = ZHAREPSIE B L ¥ (Ascending) e FH EE N2
HIFE S A2 ~ 2018-202 1B [ B b 3B K2 2014 -201 8 FRF 5 B L 36 = 4% (0 B 4 /K HE RS »
(o BL A PSTH BE(E % 5 /K MEHIAR |- Bt = AT A2 Z B YMSM(GBS86)
° SCOZ LI BN -

Figure 4-30 - Comparison of PSI and Shilin-Sanzhi leveling route in
ascending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station YMSM(GBO06). Vertical dashed lines
indicate the location of active faults, SCO is Sanchiao fault.
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Figure 4-31 :Comparison of PSI and Shilin-Sanzhi leveling route in
descending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station YMSM(GBO06). Vertical dashed lines
indicate the location of active faults, SCO is Sanchiao fault.
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Figure 4-32: Comparison of PSI and Tamsui-Shihlin leveling route in
ascending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station GS11(B229/B230). Vertical dashed lines
indicate the location of active faults, SCO is Sanchiao fault. Blue dash line is
the vertical velocity.
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Figure 4-33 : Comparison of PSI and Tamsui-Shihlin leveling route in des
cending track. From the top to bottom are topography, 2018-2021 period and
2014-2018 period. green dots are the elevation change in the specific time
period; pink dots represent PSI velocity project to the leveling route; blue
triangle is the reference station GS11(B229/B230). Vertical dashed lines
indicate the location of active faults, SCO is Sanchiao fault. Blue dash line
is the vertical velocity.
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Figure 4-34 : Comparison of PSI and Wugu-Taipei leveling route in ascending
track. From the top to bottom are topography, 2018-2021 period and 2014-
2018 period. green dots are the elevation change in the specific time period;
pink dots represent PSI velocity project to the leveling route; blue triangle

is the reference station CWBN(XO018). Vertical dashed lines indicate the
location of active faults, SCO is Sanchiao fault. Blue dash line is the vertical
velocity.
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Figure 4-35: Comparison of PSI and Wugu-Taipei leveling route in
descending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station YAME(GB40). Vertical dashed lines
indicate the location of active faults, SCO is Sanchiao fault. ¥ & 4% 24 PSI
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Figure 4-36 - Comparison of PSI and Xinwu-Guanxi leveling route in
ascending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station YAME(GB40). Vertical dashed lines
indicate the location of active faults, HKO is Hukou fault.
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Figure 4-37 - Comparison of PSI and Xinwu-Guanxi leveling route in
descending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station YAME(GB40). Vertical dashed lines
indicate the location of active faults, HKO is Hukou fault.
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Figure 4-38 - Comparison of PSI and Hsinchu-Wufeng leveling route in
ascending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station GSO03(HCCA). Vertical dashed lines
indicate the location of active faults, HCU is Hsinchu fault, and HCG is
Hsincheng fault.
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Figure 4-39 - Comparison of PSI and Hsinchu-Wufeng leveling route in
descending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station GS03(HCCA). Vertical dashed lines
indicate the location of active faults, HCU is Hsinchu fault, and HCG is
Hsincheng fault.
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Figure 4-40: Comparison of PSI and Hsinchu-Emei leveling route in
ascending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station GS14(GB72). Vertical dashed lines
indicate the location of active faults, HCU is Hsinchu fault, and HCG is
Hsincheng fault.
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Figure 4-41: Comparison of PSI and Hsinchu-Emei leveling route in
descending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station GS14(GB72). Vertical dashed lines
indicate the location of active faults, HCU is Hsinchu fault, and HCG is
Hsincheng fault.
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Figure 4-42 - Comparison of PSI and Miaoli-Nanzhuang leveling route in
ascending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station GS92(3058). Vertical dashed lines
indicate the location of active faults, STN is Shihtan fault.
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Figure 4-43 : Comparison of PSI and Miaoli-Nanzhuang leveling route in
descending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station GS92(3058). Vertical dashed lines
indicate the location of active faults, STN is Shihtan fault.
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Figure 4-44: Comparison of PSI and Da’ an-Dongshi leveling route in
ascending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station GS82(B283). Vertical dashed lines
indicate the location of active faults, TTC is Tuntzuchiao fault, and SYTI is
Sanyi fault.
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Figure 4-45: Comparison of PSI and Da” an-Dongshi leveling route in
descending track. From the top to bottom are topography, 2018-2021 period
and 2014-2018 period. green dots are the elevation change in the specific
time period; pink dots represent PSI velocity project to the leveling route;
blue triangle is the reference station GS82(B283). Vertical dashed lines
indicate the location of active faults, TTC is Tuntzuchiao fault, and SYI is
Sanyi fault.
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Figure 5-1°To estimate surface deformation under fault dislocation model
with versatile fault geometry and fault slip. Left column: (upper) velocity
perpendicular to the strike (E-W direction), (middle) velocity along the
strike (N-S direction), (lower) vertical velocity. Right column: (upper)

LOS velocity of ascending orbit, (middle) LOS velocity of descending orbit,

(lower) fault geometry.
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Figure 5-2: Velocity profiles extracted from InSAR results (ascending and
descending orbits) across the Shanchiao Fault. Profile SCO3 is picked to

perform the modelling for this fault.
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Figure 5-3 : Velocity profiles extracted from InSAR results (assending and
descending orbits) across the Hsincheng Fault. Profile HCG2 is picked to
perform the modelling for this fault.
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Figure 5-9:Distribution of estimated Dip Angle, Dip Slip, Strike Slip, Fault
Top and Fault Bottom with RMSE lower than 0.005032135 in model with
strike-slip and detachment.
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Figure 5-10 - Distribution of estimated Dip Angle, Dip Slip, Strike Slip, Fault
Top and Fault Bottom with RMSE lower than 0.00456385 in model with
strike-slip but without detachment.
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Figure 5-20:Distribution of estimated Dip Angle, Dip Slip, Strike Slip, Fault
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Figure 5-22: Distribution of estimated Dip Angle, Dip Slip, Fault Top and
Fault Bottom with RMSE lower than 0.001294095 in model with detachment.
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Figure 5-23 - Distribution of estimated Dip Angle, Dip Slip, Fault Top
and Fault Bottom with RMSE lower than 0.001200335 in model without
detachment.
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Figure 5-25 - Distribution of estimated Dip Angle, Dip Slip, Fault Top
and Fault Bottom with RMSE lower than 0.00111564 in model without
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Figure 5-30:Distribution of estimated Dip Angle, Dip Slip, Strike Slip, Fault
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Figure 5-31:Distribution of estimated Dip Angle, Dip Slip, Strike Slip, Fault
Top and Fault Bottom with RMSE lower than 0.0014654 in model with
strike-slip but without detachment.
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Figure 5-32: Distribution of estimated Dip Angle, Dip Slip, Fault Top and
Fault Bottom with RMSE lower than 0.001616645 in model with detachment.
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Figure 6-4 - Result of profile X-Y. (Upper) Stratigraphic framework and
sediment characteristics of profile X-Y. (Lower) The velocity field of profile
X-Y between 2018 and 2021. The red dots are the PSI velocity in ascending
orbit, the blue dots are the PSI velocity in descending orbit, the green line

is the vertical velocity, the gray dashed lines and number are the location of
each borehole, and the gray solid line is the terrain.

267



—_— LENEREEREAeN
° RACTHAHNTES)
. RACEAAXLHTER)
° LEZ S ES X 49

— g
— REAR
{20 adth /i — i
IXE — i
O EEE)
121.7°E

ik |
amEoEn
SHITE

Sg¥Es8s

Bl6-5: () Z2Ib@MFREERE (FFAiE > 2013) (F5) 2018-2021% B # F15
([E]3-82) ; HHZ2 N 22 & B L A 8 i S R A A AL o

Figure 6-5 - (Left) Taipei basin basement height (after Hsu, 2013); (Right)
2018-2021 Calculated vertical deformation rate from figure 3-82; Pattern

of subsidence in Taipei basin is similar in shape and location to the depth
contour of the basement.

268



6-3 PREEM R E A

FRAE2018-202 147 Ak B S 1 - ~ 38 ifL 28 (9 7K A RSt B 7 72
o3 T 4 S B Bk [ = 1 L] 2 BRSO ) 2 E 85 (L (LOS) » 5t #H
Pk E =23 AL A6 2 - HA B EE 2 RE R R E T
B ) B ~ B — T ([813-4 ~ [E3-5)

Pk = 3 A A KRE BRI AE R > X A P AE R ()1
FE—>1929) > BH—H KA H & AN E R P& b > i mde e &2
FEO(LTD AR (LT2) ~ SEHE(LT3) ~ IR (LT4) ~ BEE(LTS)EE
HITHI (PREHER » 1957) - Bk E EH 32 & (L EFAR 2 m B3 H o & K
oAb W AL 28 (FEHFEE R, 1930) B R 2L ARG - RiEE
PER BRI AP K] - pRE EH_ 32 E 17—t B Ab- P e B I A AE
78 A BT ~ ¥ M 0 AR TE ~ BB R 28 > T TS A A A A AR ~
PEET A B AR ST O AR R S S BRI E M R
AR R I ER 555 -

AREFERRA2018-2021 172 [ 7= 5278 5L 50 A &8 8 3 i 7
B A 2 2 AL AR S B A > E ek = I e B e = 3 P L
J R0 HE([E 6-6HP 4R AR AR AR EL - FEHE R 1930 A
%1983 MRSCEE > 2007) o TEMIAY |- - B 4P 2 A Pg JE Ty Y
SN - IRV %8 7Y B B T (B G LT 1~ LT2 S LT3) > BB 3 b 2 » |
e (A 2 AR B R - BLAE &8 = % 75 75 A W iR 2 A g A = FE
RIS WAZGIVIEAME ST MIFTER R &G E = 1986) -
2SR ERIDEM Z 534 » DU & 7 > A] 8 5% 8 M i A 78
TEPEIHI Y /50 72 AT ZE 3078 R Slf7 ] A3 BRG] 2 P 3 L 1 > 28 LT 4R IHi
[E6- cHP B g 45 5 S FE AR AL > 2020)  (H R B A 31T 455 A2 i
5% > S ANBHEA(E B0 2003)

B 8 F 28 SR ] v 3 B T N 2 R A R R 2 ) \FE
At s - B 2R PE P BB AN BB R AL (A P ARt ) e
([ 6-7)  (HAE X BB SR E TN AR A > n] 2 B (S i 2 I
AR AR 2E R A SRR HEERE A 08—
A RANTE » HRER T /2 I = ([ 6- 8 ~ [ 6-9) > A ILE K
PHACRUI 4 i - SR A AR - Bl A MR = L - (B AR i 2R
Pl FRAE -

269



R AR 4th 3% 58 1 288 SPUR B it A 2 45 R > T AT ) 2 0
78 A A SRR A R (- TR OB 2R BRI AT 2y mI AE B L i iE
o] 5 Bk I 5 RN 7 97 B Y R T B S B T T L S % i (9
TiA 7 > (EAE 4 S A AL+ TR 2 8 77 2

A R T © A R T R 2 K 22 Bk [ 22 T P TR 00 5 A
FFEE (193 0) AR 45 75 AL 3 e () O M T AR A0 B 3% 25 SR A R IR BT e 2
= A BT > AR O 2307 R TR © S IE SR (199 7) A1 B 5 7= 7
IRER AT IR 2w A B IR R R A T - S AR R BT %
AIRIREH 1L 57 B KER T I FE S ANGE 2 iE 2 — IR B iR -

SAMAR$R2018-202128 —HHE R ABLU R CDHIHI & A} ([E]3-74
~I&3-77) » BAMn] L3 BIAE ABSIHI 5 ~8 AN B A KA 3mm/yr
FHAHEZBIEITA MCDHEZSAREMAL 2mm/yrilE
HE R AT AT 4 - I8 U BNV - (H 2 RO T i b —
R - 7£2014-201872 — AR B thr] DUBI 2 2P IR & H 2
B E /N - MR (2007) 58 2/ IR BTG i (AR B TETE A
2.6mm/yr Y EE RS A =R o 1 FRAM AR B B AKE R P A 2R ([E3-1045)
UK O 2 BBk B 2 3 2 [ 75 /2 $ BESE Y BOPE R $5 8 > R =
MHEMEZR AR 2-3mm/yr &4 - SRR R IT 4 LIF
A] D) B 72 8 6 e B8 R 5B 2 1 1 BT o D B ol P e S N 7 5] T
Wl z2 2| 0 2 E BRI - RS R BT AE LGB T BURA RT DU 22
ZI S -

270



@ .. e 2018-2022_Ascending

25°200°N+ 1 9. 1 9
10

10

10

LOS (mmiyr)
@

)
b o

— EBEE — EREE PRINEFE(2007)

- — — BERHIS TEM_ 2020 ——— BERBIS PRIMEREPT(2014_LIDAR)

F16-6: 2018-202 1Bk [ 4t V49 7 5 35 85 (L R AR AT IS 25 » () THENTRT 22 RE B A

R (b)EEERBRE R (o GHEIMAILOSH AL M FE B A E AL BUR
] S P 5 T 78 B SS9 2 1) BRUAIE R - AT €0 20 PR 2 AR I K B
AN T B TS BN » ok (0 AR B 2% SRS H v Dkt B A A T 200748 P S S 1 2
AP B AR ZA2020 2B IR AR A 8 B E - Iy RO RSB R
IR AT E LiDA R A3 15 2l Pl 4 S ) B B R s

Figure 6-6 - Average variations of velocity field in Taoyuan Tableland

for 2018-2021 and structures in the vicinity. (a) Results from ascending
satellite images. (b) Results from descending satellite images. (c) Variations
of LOS velocity and vertical velocity along the GH profile show that

the deformational boundary of Taoyuan Tableland extends towards east
following the Shuanglienpo structure. Red lines label the active faults
announced by the CGS; green line labels the Shuanglienpo structure
reported by the CGS (2007); blue line labels the Shuanglienpo structure
reported by TEM (2020); pink-purple line labels geographic feature of the
Shuanglienpo structure mapped from LiDAR images with 1-m resolution.
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Figure 6-7 - Geographic feature of the deformational boundary on Taoyuan
Tableland and its relation with the Shuanglienpo structure. Topography is
produced by 5-m DEM with 10-fold vertical exaggeration. Black line labels
the position of the deformational boundary; red lines label the active faults

announced by the CGS; blue line labels the Shuanglienpo structure reported
by TEM (2020).
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Figure 6-8 - On-site investigation for the west part of the deformational
boundary. (a) Localities of survey points. (b) Topography is higher to the
south of Wangzi St. (¢) Topography is higher to the south of South Yuguo St.
(d) Topography is higher to the south of Zhongyi St. (e) Topography is higher
to the south of South Rongmin St. (f) Topography is higher to the south of
Sec. 2, Xingren Rd. (g) Topography is higher to the south of Kanding Rd.
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Figure 6-9 - On-site investigation for the east part of the deformational
boundary. (a) Localities of survey points. (b) Topography is higher to the
south of Ln. 1142, Guangfu Rd. (c) Topography is higher to the south of

Ln. 64, Siwei Rd. (d) Topography is higher to the south of Yongfu St. (e)
Topography is higher to the south of Zhongyong St. (f) Topography is higher
to the westsouth of Fengji 4th St. (g) Topography is higher to the west of
Fulong 2nd St.
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Chapter 7 : Conclusions

Thisstudyemploysthe Persistent Scatterer Radar Interferometry
technique to discover surface deformations in northern Taiwan.
The project specifically focuses on seven active faults identified by
the Geological Survey and Mining Management Agency, MOEA,
i.e., Sanchiao, Hukou, Hsinchu, Hsincheng, Shihtan, Sanyi, and
Tuntzuchiao faults. Additionally, the Taipei metropolitan and

Hsinchu Science Park are critical observation locations.

In the project, we generated PSI outcomes for the three
time periods: 2014-2018, 2018-2021, and 2022. The produced
data underwent comparison with other geodetic measurements,
including GNSS and leveling, for the radar data to be verified.
Moreover, the 2018-2021 PSI dataset facilitated computation and
conversion of the data from radar coordinates to vertical and east-

west components, helping the visualization of radar data.

Compared to southern and southwestern Taiwan, northern
Taiwan exhibits lower tectonic activity. As a result, surface
deformation range observed by PSI is smaller. In this scenario,
even slight portions of observation outliers can significantly impact
the regression and its associated statistics. Nevertheless, our data
exhibits very low RMSE and strong concurrence with continuous
GNSS observations.

In the observed area, there are distinct zones of surface
deformation, including the Shanchiao fault in Taipei basin, the
region between Linkou and Taoyuan tablelands - also known as the
Nankan fault and Shuanlianpo structure. Moving further south, the

Hsincheng fault and Sanyi1 fault also demonstrate activity.

Upon comparison with groundwater records in the Taipei basin,
we noted similar trends and patterns of changes in groundwater
levels as the time series derived from PSI surface deformation.

The decline in groundwater level is likely a key factor leading to
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subsidence and deformation of the Shanchiao fault in the Taipei
Basin. However, given the subsidence rate of over 1 cm per year
along the fault, additional research is necessary to determine the

extent of fault creeping in this particular fault segment.

Notably, the Shuanlianpo structure, which is infrequently
examined in the Taoyuan terrace, exhibits noticeable deformation
during observation. Upon our examination, it was revealed that
the sites displaying surface deformation in the radar readings are
coincident with areas of changes in the landscape. Intriguingly,
the upward movement of elevation in the region correlates with the

downward movement observed in the radar signals.

Continued observation and analysis of this phenomenon are
warranted. The Nankan fault, once believed to be inactive and so-
named due to its distinct geomorphic feature, was confirmed to be
active based on outcrop and reflection seismology in combination
with the radar data. Our data indicates that the Nankan fault
has experienced uplift to the south of its fault scarp, as well as

subsidence near the scarp.
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	圖3-47：2018-2021新城斷層降軌道影像的剖面成果。藍點為PSI速度，深灰色虛線為平均值線，灰色虛線為斷層位置，灰色實線為地形，黃色區域為新竹科學園區。
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	圖3-49：2022新城斷層升軌道影像的剖面成果。紅點為PSI速度，深灰色虛線為平均值線，灰色虛線為斷層位置，灰色實線為地形，黃色區域為新竹科學園區。
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	圖3-56：2014-2018三義斷層升軌道影像的剖面成果。紅點為PSI速度，深灰色虛線為平均值線，灰色虛線為斷層位置，灰色實線為地形。
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	圖3-69：地質剖面10與該沿線三期升降軌速度場之比較。 各期資料中，2018-2021資料最收斂，2014-2018次之，而2022年時間段較短、影像數目較少，只能顯示趨勢。 在此剖面中三義斷層的活動不顯著。
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	圖3-74：2018-2021桃園臺地升軌道影像的剖面成果圖。
	圖3-75：2018-2021桃園臺地升軌道影像的剖面圖成果。紅點為PSI速度，深灰色虛線為平均值線，灰色虛線為斷層位置，灰色實線為地形。
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	圖3-81：2022桃園臺地降軌道影像的剖面成果。藍點為PSI速度，深灰色虛線為平均值線，灰色虛線為斷層位置，灰色實線為地形。
	圖3-82：2018-2021山腳斷層垂直平均速度場。
	圖3-83：2018-2021山腳斷層垂直平均速度場的剖面圖。紅點為升軌道方向PSI速度，藍點為降軌道方向PSI速度，綠線為垂直方向速度，深灰色虛線為平均值線，灰色虛線為斷層位置，灰色實線為地形。
	圖3-84：2018-2021湖口斷層垂直平均速度場。
	圖3-85：2018-2021湖口斷層垂直平均速度場的剖面圖。紅點為升軌道方向PSI速度，藍點為降軌道方向PSI速度，綠線為垂直方向速度，深灰色虛線為平均值線，灰色虛線為斷層位置，灰色實線為地形。
	圖3-86：2018-2021新城斷層垂直平均速度場。
	圖3-87：2018-2021新城斷層垂直平均速度場的剖面圖。紅點為升軌道方向PSI速度，藍點為降軌道方向PSI速度，綠線為垂直方向速度，深灰色虛線為平均值線，灰色虛線為斷層位置，灰色實線為地形。
	圖3-88：2018-2021三義斷層垂直平均速度場與剖面圖。
	圖3-89：2018-2021三義斷層垂直平均速度場的剖面圖。紅點為升軌道方向PSI速度，藍點為降軌道方向PSI速度，綠線為垂直方向速度，深灰色虛線為平均值線，灰色虛線為斷層位置，灰色實線為地形。
	圖3-90：重點區域GNSS測站位置分佈圖。
	圖3-91：2018-2021年升軌方向BANC、CWBN、GBRS、YMSM、GS15、GS16、JUNA、PAO2、TCMS及YAME測站的PSI時間序列。
	圖3-92：2018-2021年降軌方向BANC、CWBN、GBRS、YMSM、GS15、GS16、JUNA、PAO2、TCMS及YAME測站的PSI時間序列。
	圖3-93：臺北盆地2018-2021年Sentinel-1 升軌道PSI平均速度場成果與地下水觀測井分佈圖。 
	圖3-94：臺北盆地2018-2021年Sentinel-1 降軌道PSI平均速度場成果與地下水觀測井分佈圖。
	圖3-95：2018-2021年臺北盆地地下水觀測井與PSI時間序列。左圖為升軌道結果，右圖為降軌道結果，綠點為PSI時間序列，藍線為地下水位變化。
	圖3-96：桃園地區2018-2021年Sentinel-1 升軌道PSI平均速度場成果與地下水觀測井分佈圖。
	圖3-97：桃園地區2018-2021年Sentinel-1 降軌道PSI平均速度場成果與地下水觀測井分佈圖。
	圖3-98：2018-2021年桃園地區地下水觀測井與PSI時間序列。左圖為升軌道結果，右圖為降軌道結果，綠點為PSI時間序列，藍線為地下水位變化。
	圖3-99：2018-2021年跨斷層時間序列。左圖為升軌道成果，右圖為降軌道成果，由上至下分別為山腳斷層（SCO）、湖口斷層（HKO）、新城斷層（HCG）及三義斷層（SYI）。藍點為每幅影像相對主影像於雷達視角方向（LOS）位移量。
	圖4-1：GNSS測站位置分佈圖。
	圖4-2：2014-2018年Ascending平均速度場與GNSS連續站速度場。暖色代表靠近衛星移動，冷色表示遠離衛星移動。參考點為連續GNSS測站S101，菱形為同時期連續GNSS站三維向量投影至視衛星方向。
	圖4-3：2014-2018 Ascending平均速度場與GNSS連續站速度場對比。參考點為連續GNSS測站S101。左圖為所有測站成果，右圖為移除山區測站成果。雖然斜率與理想有相當的差異，然而雷達資料與GNSS呈現線性相關，所以雷達的趨勢與GNSS一致，而數量不同。
	圖4-4：2014-2018年Descending平均速度場與GNSS連續站速度場。暖色代表靠近衛星移動，冷色表示遠離衛星移動。參考點為連續GNSS測站S101，菱形為同時期連續GNSS站三維向量投影至視衛星方向。
	圖4-5：2014-2018 Descending平均速度場與GNSS連續站速度場對比。參考點為連續GNSS測站S101。左圖為所有測站成果，右圖為移除山區測站成果。雖然斜率與理想有相當的差異，然而雷達資料與GNSS呈現線性相關，所以雷達的趨勢與GNSS一致，而數量不同。
	圖4-6：2018-2021年Ascending平均速度場與GNSS連續站速度場。暖色代表靠近衛星移動，冷色表示遠離衛星移動。參考點為連續GNSS測站S101，菱形為同時期連續GNSS站三維向量投影至視衛星方向。
	圖4-7：2018-2021 Ascending平均速度場與GNSS連續站速度場對比。參考點為連續GNSS測站S101。左圖為所有測站成果，右圖為移除山區測站成果。
	圖4-8：2018-2021年Descending平均速度場與GNSS連續站速度場。暖色代表靠近衛星移動，冷色表示遠離衛星移動。參考點為連續GNSS測站S101，菱形為同時期連續GNSS站三維向量投影至視衛星方向。 
	圖4-9：2018-2021 Descending平均速度場與GNSS連續站速度場對比。參考點為連續GNSS測站S101。左圖為所有測站成果，右圖為移除山區測站成果。
	圖4-10：2022年Ascending平均速度場與GNSS連續站速度場。暖色代表靠近衛星移動，冷色表示遠離衛星移動。參考點為連續GNSS測站S101，菱形為同時期連續GNSS站三維向量投影至視衛星方向。
	圖4-11：2022 Ascending平均速度場與GNSS連續站速度場對比。參考點為連續GNSS測站S101。左圖為所有測站成果，右圖為移除山區測站成果。
	圖4-12：2022年Descending平均速度場與GNSS連續站速度場。暖色代表靠近衛星移動，冷色表示遠離衛星移動。參考點為連續GNSS測站S101，菱形為同時期連續GNSS站三維向量投影至視衛星方向。
	圖4-13：2022 Descending平均速度場與GNSS連續站速度場對比。參考點為連續GNSS測站S101。左圖為所有測站成果，右圖為移除山區測站成果。此期資料由於Sentinel-1B故障，影像數目也少，結果幾乎無法使用。
	圖4-14：GNSS移動站與連續站位置分佈圖。
	圖4-15：2014-2018年Ascending平均速度場與所有GNSS移動站速度場。暖色代表靠近衛星移動，冷色表示遠離衛星移動。菱形為所有GNSS三維向量投影至視衛星方向。
	圖4-16：2014-2018 升軌道雷達資料與所有GNSS比對。 
	圖4-17：2014-2018年Descending平均速度場與所有GNSS速度場。暖色代表靠近衛星移動，冷色表示遠離衛星移動。菱形為所有GNSS三維向量投影至視衛星方向。暖色代表靠近衛星移動，冷色表示遠離衛星移動。
	圖4-18：2014-2018 降軌道雷達資料與所有GNSS比對。 
	圖4-19：2018-2021年Ascending平均速度場與GNSS移動站速度場。暖色代表靠近衛星移動，冷色表示遠離衛星移動。菱形為所有GNSS三維向量投影至視衛星方向。
	圖4-20：2018-2021 升軌道雷達資料與所有GNSS比對。
	圖4-21：2018-2021年Descending平均速度場與所有GNSS速度場。暖色代表靠近衛星移動，冷色表示遠離衛星移動。菱形為所有GNSS三維向量投影至視衛星方向。
	圖4-22：2018-2021 降軌道雷達資料與2018-2021所有 GPS比對。
	圖4-23：2022年Ascending平均速度場與GNSS移動站速度場。暖色代表靠近衛星移動，冷色表示遠離衛星移動。菱形為同時期GNSS移動站三維向量投影至視衛星方向。暖色代表靠近衛星移動，冷色表示遠離衛星移動。菱形為同時期GNSS三維向量投影至視衛星方向。
	圖4-24：2022 升軌道雷達資料與所有GNSS比對。 
	圖4-25：2022年Descending平均速度場與GNSS移動站速度場。菱形為所有GNSS三維向量投影至視衛星方向。暖色代表靠近衛星移動，冷色表示遠離衛星移動。菱形為所有GNSS三維向量投影至視衛星方向。
	圖4-26：2022 降軌道雷達資料與移動站的比對。
	圖4-27：北部水準測線分布。
	圖4-28：水準測線-石門至萬里測線與PSI資料比對(Ascending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點GS09(2027)。SCO為山腳斷層。藍色虛線為PSI垂直向結果。
	圖4-29：水準測線-石門至萬里測線與PSI資料比對(Descending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點GS09(2027)。SCO為山腳斷層。藍色虛線為PSI垂直向結果。
	圖4-30：水準測線-士林至三芝測線與PSI資料比對(Ascending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點YMSM(GB86)。SCO為山腳斷層。
	圖4-31：水準測線-士林至三芝測線與PSI資料比對(Descending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點YMSM(GB86)。SCO為山腳斷層。
	圖4-32：水準測線-淡水至士林測線與PSI資料比對(Ascending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點GS11(B229/B230)。SCO為山腳斷層。藍色虛線為PSI垂直向結果。
	圖4-33：水準測線-淡水至士林測線與PSI資料比對(Descending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點GS11(B229/B230)。SCO為山腳斷層。藍色虛線為PSI垂直向結果。
	圖4-34：水準測線-五股至臺北測線與PSI資料比對(Ascending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點CWBN(X018)。SCO為山腳斷層。藍色虛線為PSI垂直向結果。
	圖4-35：水準測線-五股至臺北測線與PSI資料比對(Descending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點YAME(GB40)。SCO為山腳斷層。藍色虛線為PSI垂直向結果。
	圖4-36：水準測線-新屋至童話世界測線與PSI資料比對(Ascending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點YAME(GB40)。SCO為山腳斷層。
	圖4-37：水準測線-新屋至童話世界測線與PSI資料比對(Descending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點YAME(GB40)。SCO為山腳斷層。
	圖4-38：水準測線-新竹至五峰測線與PSI資料比對(Ascending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點GS03(HCCA)。HCU為新竹斷層，HCG為新城斷層。
	圖4-39：水準測線-新竹至五峰測線與PSI資料比對(Descending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點GS03(HCCA)。HCU為新竹斷層，HCG為新城斷層。
	圖4-40：水準測線-新竹至峨嵋測線與PSI資料比對(Ascending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點GS14(GB72)。HCU為新竹斷層，HCG為新城斷層。
	圖4-41：水準測線-新竹至峨嵋測線與PSI資料比對(Descending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點GS14(GB72)。HCU為新竹斷層，HCG為新城斷層。
	圖4-42：水準測線-苗栗至南庄測線與PSI資料比對(Ascending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點GS92(3058)。STN為獅潭斷層。
	圖4-43：水準測線-苗栗至南庄測線與PSI資料比對(Descending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點GS92(3058)。STN為獅潭斷層。
	圖4-44：水準測線-大安至東勢測線與PSI資料比對(Ascending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點GS92(3058)。TTC為屯子腳斷層，SYI為三義斷層。
	圖4-45：水準測線-大安至東勢測線與PSI資料比對(Descending)。由上至下為地形高程、2018-2021時間段比對及2014-2018時間段比對。綠色點為水準點，粉色點為PSI速度值投影至水準測線上。藍色三角形為參考點GS92(3058)。TTC為屯子腳斷層，SYI為三義斷層。
	圖5-1：斷層錯位模型模擬結果示意圖組，假設斷層幾何與滑動量，透過斷層錯位模型推估地表變形行為，左邊由上到下分別為水平方向垂直斷層走向速率、水平方向平行斷層走向速率、垂直方向速率，右邊由上到下分別為上升軌道視衛星方向速率、下降軌道視衛星方向速率與斷層幾何、運動方向及參數。
	圖5-2：山腳斷層附近雷達影像上升及下降軌道視衛星方向速率剖面資料。此斷層在本次模擬採用 SCO3 剖面來模擬。
	圖5-3：新城斷層附近雷達影像上升及下降軌道之剖面資料。 此斷層本次使用HCG2剖面資料來模擬。
	圖5-4：三義斷層附近雷達影像上升及下降軌道之剖面資料。在此斷層，本次採用 SYI3剖面來模擬斷層。
	圖5-5：含走滑與滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-6：含走滑但不含滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-7：不含走滑但含滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-8：不含走滑也不含滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-9：含走滑與滑脫面之模擬，RMSE小於0.005032135，所有參數的個數百分比分布圖，X軸依序為角、傾滑、走滑、斷層頂部與斷層底部，Y軸依序為傾滑、走滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-10：含走滑無滑脫面之模擬RMSE小於0.00456385，所有參數的個數百分比分布圖，X軸依序為角、傾滑、走滑、斷層頂部與斷層底部，Y軸依序為傾滑、走滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-11：無走滑含滑脫面之模擬RMSE小於0.005150255，所有參數的個數百分比分布圖，X軸依序為角、傾滑、斷層頂部與斷層底部，Y軸依序為傾滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-12：無走滑無滑脫面之模擬RMSE小於0.00455435，所有參數的個數百分比分布圖，X軸依序為角、傾滑、斷層頂部與斷層底部，Y軸依序為傾滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-13：重設邊界條件下，不含走滑也不含滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-14：無走滑無滑脫面之模擬RMSE小於0.004653995，所有參數的個數百分比分布圖，X軸依序為角、傾滑、斷層頂部與斷層底部，Y軸依序為傾滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-15：無走滑無滑脫面之模擬RMSE前5%與10%數量百分比等值圖，，X軸依序為角、傾滑、斷層頂部，Y軸依序為傾滑、斷層頂部與斷層底部深度，紅色線為前5%之個數百分比等值線，黑色線為前10%之個數百分比等值線。
	圖5-16：含走滑與滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-17：含走滑但不含滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-18：不含走滑但含滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-19：不含走滑也不含滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-20：含走滑與滑脫面之模擬，RMSE小於0.00126749，所有參數的個數百分比分布圖，X軸依序為角、傾滑、走滑、斷層頂部與斷層底部，Y軸依序為傾滑、走滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-21：含走滑無滑脫面之模擬RMSE小於0.00118484，所有參數的個數百分比分布圖，X軸依序為角、傾滑、走滑、斷層頂部與斷層底部，Y軸依序為傾滑、走滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-22：無走滑含滑脫面之模擬RMSE小於0.001294095，所有參數的個數百分比分布圖，X軸依序為角、傾滑、斷層頂部與斷層底部，Y軸依序為傾滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-23：無走滑無滑脫面之模擬RMSE小於0.001200335，所有參數的個數百分比分布圖，X軸依序為角、傾滑、斷層頂部與斷層底部，Y軸依序為傾滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-24：重設邊界條件下，不含走滑也不含滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-25：無走滑無滑脫面之模擬RMSE小於0.00111564，所有參數的個數百分比分布圖，X軸依序為角、傾滑、斷層頂部與斷層底部，Y軸依序為傾滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-26：含走滑與滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-27：含走滑但不含滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-28：不含走滑但含滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-29：不含走滑也不含滑脫面之模擬，RMSE、個數及累積百分比分布圖，藍色虛實線分別表示10%、30%、50%、70%與90%。
	圖5-30：含走滑與滑脫面之模擬，RMSE小於0.001588715，所有參數的個數百分比分布圖，X軸依序為角、傾滑、走滑、斷層頂部與斷層底部，Y軸依序為傾滑、走滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-31：含走滑無滑脫面之模擬RMSE小於0.0014654，所有參數的個數百分比分布圖，X軸依序為角、傾滑、走滑、斷層頂部與斷層底部，Y軸依序為傾滑、走滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-32：無走滑含滑脫面之模擬RMSE小於0.001616645，所有參數的個數百分比分布圖，X軸依序為角、傾滑、斷層頂部與斷層底部，Y軸依序為傾滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖5-33：無走滑無滑脫面之模擬RMSE小於0.00142918，所有參數的個數百分比分布圖，X軸依序為角、傾滑、斷層頂部與斷層底部，Y軸依序為傾滑、斷層頂部、斷層底部與統計百分比，而顏色與等值線表示統計百分比。
	圖6-1：2018-2021年升軌道PSI與GNSS連續站速度場對比。左圖為嘉南地區成果，右圖為北臺灣地區成果。
	圖6-2：2018-2021年GNSS西山測站（MIAO）三分量GNSS時間序列與PSI時間序列。自上而下為GNSS南-北向（綠點）、東-西向（藍點）、垂直向（紅點）及GNSS投影至LOS方向（黑點）與PSI（黃色方形）時間序列。左圖為升軌道成果，右圖為降軌道成果。
	圖6-3：探井位置與基盤形貌（鄧屬予，2006）。
	圖6-4：X-Y剖面成果。上圖為X-Y剖面地層架構與沈積物特性，下圖為2018-2021年X-Y剖面升軌（紅點）、降軌LOS（藍點）速度及垂直速度（綠線），數字及灰色虛線為剖面上探井位置，灰色實線為地形。（改自鄧屬予，2006）。
	圖6-5：（左）臺北盆地基盤深度圖 （許劭禎，2013）（右）2018-2021垂直速度場（圖3-82）; 觀察下陷速度與基盤深度等深線相當類似。 
	圖6-6：2018-2021桃園臺地平均速度場變化及鄰近構造。(a)升軌衛星影像結果，(b)降軌衛星影像結果，(c)GH剖面的LOS速度變化及垂直速度變化，顯示桃園臺地的變形邊界沿著雙連坡構造向東延伸。紅色線段為經濟部中央地質調查所公告的活動斷層，綠色線段為經濟部中央地質調查所2007年所產製的雙連坡構造，藍色線段為2020臺灣地震模型中的雙連坡構造，粉紫色線段為透過1米解析度LiDAR的地形特徵所繪製的雙連坡構造。
	圖6-7：桃園臺地變形邊界之地形特徵與雙連坡構造相關性。地形為5米解析度DEM，垂直方向法大10倍。黑色線段為桃園臺地變形邊界位置，紅色線段為經濟部中央地質調查所公告的活動斷層，藍色的線段為2020臺灣地震模型中的雙連坡構造。
	圖6-8：桃園臺地變形邊界西側調查結果。(a)調查點位置，(b)王子街南側的地形較高，(c)裕國街南側的地形較高，(d)忠義路南側的地形較高，(e)榮民路南側的地形較高，(f)興仁路二段南側的地形較高，(g)崁頂路南側的地形較高。
	圖6-9：桃園臺地變形邊界東側調查結果。(a)調查點位置，(b)廣福路1142巷南側的地形較高，(c)四維路64巷南側的地形較高，(d)永福街南側的地形較高，(e)忠勇街南側的地形較高，(f)鳳吉四街西南側的地形較高，(g)福隆二街西側的地形較高。
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