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* A AERIEHER Y P-B (Gantt Chart) o
Table A © The Gantt Chart of expected progress this year.
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Tabke 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

In this project, we used time series radar interferometry to investigate
surface deformation in southern Taiwan. Our main targets include 5 active
faults (Hsiaokangshan fault, Chishan fault, Chaochou fault, Hengchun fault,
CheKualin fault) and Chiaotou industrial park, Kaohsiung industrial park,

and Kaohsiung metropolitan area.

In this work, we completed radar interferometry analyses in southern
Taiwan in the period through 2014-2016, 2016-2018, and 2018-2020.
These were composed of 28/18 images, 58/42 images, and 86/84 images,
respectively. After comparing the radar data to the GNSS data of the same
time, we discovered remnant unwrapping errors in original datasets. After
redesign the processing chain, we were able to remove the unwrapping
errors in the datasets, and realize a better comparison between radar and
GPS data. Profiles extracted from the corrected datasets can be used to

uncover the detailed surface deformation features in the region of interest.

Profiles extracted perpendicular to the faults of interests can be used
to observe the velocity profiles and use that for fault geometry simulation.
Our results showed that although our results differed from geodetic and
geological observations, however, the differences are minimal compared

to the basic model setup and few constraints.

KEYWORDS : Radar interferometry (Differential Interferometric Synthetic

Aperture Radar), surface deformation, fault slip
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Figure 1-3-1 : Figure shows how InSAR images detect phase changes
resulting from surface deformation.
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1. PSINSAR™ (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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Figure 2-1-1 : Orbits information of Sentinel-1 in the study area.
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% 2-1-1 : Sentinel-1 &% B F 3 o

Table 2-1-1 : Background information of Sentinel-1 images in this project.
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Figure 2-1-2 : Scatterer can generates various scatter and noise with different

amplitudes. (Osmanoglu et al., 2015)
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Figure 2-1-3 : lllustration 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 2-1-4 : 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
Ais 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 2-1-5 : 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 2-2-1 : 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 2-2-2 : 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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Table 2-3-1 : Fault parameters in southern Taiwan compiled by Sinotech

Engineering Consultants Inc..

N LB 45.0 10.0
LIS 60.0 13.0
T 60.0 17.5
LS 75.0 20.0
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Figure 2-3-1 : (a) Fault parameters; (b) parameters from (a) can be fed into Okada
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Figure 2-3-2 : Using continuous deformation information in Okada model to calculate

fault geometry.
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Figure 2-3-3 : 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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Table 3-1 : Numbers of Sentinel-1A satellite images used in this project.

2014-2016 2016-2018 2018-2020
2 #i(Ascending) 28 tg 58 tg 86 gy
*% #.(Descending) 18 tg 42 tg 84 tg
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Table 3-1-1 : Slopes and R? before and after reprocessing the radar data.

LT LN
>4 | 2% |
&J}-—’i—l’/" *i_l_."_ & _L_:’_‘%t’;’{
g | A F R? #L R? & B3I | pEHIZ RZ ez L
& hG "
< # | 0.4683 | 0.0426 | 0.264 | 0.0494 | 0.5317 0.736 | -38.4% | 16.0%
2014 2016
% | 0.3618 | 0.1127 | 0.3028 | 0.0258 | 0.6382 | 0.6972 | -9.2% |-77.1%
“# | 0.5069 | 0.2549 | 0.7221 | 0.5004 | 0.4931 0.2779 | 43.6% | 96.3%
2016_2018
% # | 0.5094 | 0.2038 | 0.7179 | 0.3548 | 0.4906 | 0.2821 | 42.5% | 74.1%
“ 1 | 05689 | 0.2272 | 1.0213 | 0.754 | 0.4311 | 0.0213 | 95.1% |231.9%
2018 2020

*f#1 | 0.7786 | 0.2924 | 1.0092 | 0.5845 | 0.2214 0.0092 95.8% | 99.9%
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Figure 3-1-1 : 2014-2016 Ascending comparison between PSI and GNSS data.
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Figure 3-1-2 : 2014-2016 Ascending comparison between PSI and GNSS data.
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Figure 3-1-2 : 2014-2016 Descending comparison between PSI and GNSS data.
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Figure 3-1-4 : 2016-2018 Ascending comparison between PSI and GNSS data.
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Figure 3-1-5 : 2016-2018 Ascending comparison between PSI and GNSS data.
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Figure 3-1-6 : 2016-2018 Descending comparison between PSI and GNSS data.
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Figure 3-1-7 : 2018-2020 Ascending comparison between PSI and GNSS data.
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Figure 3-1-9 : 2018-2020 Descending comparison between PSI and GNSS data.
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Figure 3-1-10 : (Left) Velocity field in ascending track between 2014 and 2016.
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. (Right) Velocity field in descending track
between 2014 and 2016.
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Figure 3-1-11 : 2014-2016 ascending PSI velocity field compared to continuous GNSS

of the same period. Station SANW was used as the reference station.
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Figure 3-1-12 : 2014-2016 descending PSI velocity field compared to continuous GNSS

of the same period. Station SANW was used as the reference station.
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Figure 3-1-13 : (Left) Velocity field in ascending track between 2016 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 SANW. Color-coded diamonds represent projection of 3-directions GNSS velocity
to LOS direction towards the satellite. (Right) Velocity field in descending track

between 2016 and 2018.
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Figure 3-1-14 : 2016-2018 comparison between PSI ascending data and GPS data. An

outlier was shown in the figure.
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Figure 3-1-15 : Comparison between PSI ascending data (2016-2018) and GPS data
after removing GS45 station and its adjacent PSI data. Slope is ~0.92, and R? is ~0.7.
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Figure 3-1-16 : 2016-2018 comparison between PSI descending data and GPS data. An
outlier was shown in the figure.

BEAR AR TR > T A ndiar- BEo mE_GNSS &2 5 EARY Ay - R0
WEREEELLSBBEZAORRT o PRAERT AL F AR blde DANL
FEITe G ARG S NA R o BBk b GSA5 e R At P A LR e R
TN PS BEi-ffEn 0 1Y I # 7 unwrapping error sfyfk g 4 o Lok o gt pE
BV DT R AR R S LT 4

70



3-1-2-3 2018-2020 &

@GNS
I PsinsAR

120.1°€ 12026 1203 1204° 1205 1206°€ 120.7°€ 1208°€ 1209°

12016 1200 1203° 1204 1205° 1206 1207°F 1208° 1209%

B 3-1-17 : (= [8])2018-2020 # Ascending T 33:¢ & 3527 GNSS 1@ § =b:# B 3o (+
18])2018-2020 # Descending L #2:¢ B 327 GNSS @ F = B d A& L7 iF
E#E 0 A d AT BRPEFEEHE o 58 B LG GNSS BlEk SANW £ 75 5 ik
FPEd) GNSS #h= e BB I AL > w o

Figure 3-1-17 : (Left) Velocity field in ascending track between 2018 and 2020. (Right)
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 3-1-18 : 2018-2020 comparison between PSI ascending data and GPS. Slope of
the regression line is approximately 1, and R? is around 0.75, showing the mutual

agreement between these two data set.
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Figure 3-1-19 : 2018-2020 comparison between PSI descending data and GPS. Slope
of the regression line is approximately 1, and R? is around 0.58, showing the mutual

agreement between these two data sets, with more scattering than the ascending one.
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Figure 3-2-1:(Left) Velocity field in ascending track between 2014 and 2016. (Right)
Velocity field in descending track between 2014 and 2016. 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 2015 and 2016.
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Figure 3-2-2 : 2014-2016 Radar data compared to the 2016-2018 campaign GPS data.

These two datasets have very low correlation.
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Figure 3-2-3: (Left) Velocity field in ascending track between 2016 and 2018.  (Right)
Velocity field in descending track between 2016 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.
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Figure 3-2-4 : 2016-2018 Radar data compares to the 2016-2018 campaign GPS data.
The ascending dataset shows improvement over the 2015-2016 comparison; the

descending dataset still shows very low correlation.
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Figure 3-2-5 : (Left) Velocity field in ascending track between 2018 and 2020. (Right)
Velocity field in descending track between 2014 and 2016. 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 3-2-6 : Comparison of 2018-2020 InSAR and campaign GPS. Ascending dataset

is ideal in slope with a bit of scattered data. Descending dataset is still not ideal.
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Figure 3-3-1 : Comparison of combined continuous and campaign GNSS with PSI data.
(Left) ascending data (Right) descending data. There are relatively fewer radar images
that result in the low confidence of radar data depicted by slope of the equation and

R2.
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Figure 3-3-2 : Comparison of combined continuous and campaign GNSS with PSI data.

(Left) ascending data (Right) descending data. The 2nd period has improved ascending
data and still scattered descending data that can be depicted by slope of the equation

and R
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Figure 3-3-3 : Comparison of combined continuous and campaign GNSS with PSI data.
(Left) descending data (Right) ascending data. The 3rd period has improved ascending

data and still less scattered descending data that can be depicted by slope of the

equation and R2.
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Figure 3-4-1 : Locations of leveling profiles in Kaohsiung-Pingtung area.
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Figure 3-4-2 : Comparison of PSInSAR and Luzhu-Maolin leveling route in ascending
track. From the top to bottom are topography, 2018-2020 period, 2016-2018 period
and 2014-2016 period. green dots is the elevation change in the specific time period;
pink dots represent PSINSAR velocity project to the leveling route; Red line and blue
line indicate average LOS velocity of the specific time span and average between 2014
to 2020, respectively; blue triangle is the reference station R016(GS55). Vertical
dashed lines indicate the location of active faults, HKSF is Hsiaokangshan fault, CHNF
is Chishan fault, CKLF is CheKualin fault, and CCUF is Chaochou fault.
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Figure 3-4-3 : Comparison of PSInSAR and Luzhu-Maolin leveling route in descending
track. From the top to bottom are topography, 2018-2020 period, 2016-2018 period
and 2014-2016 period. green dots is the elevation change in the specific time period;
pink dots represent PSINSAR velocity project to the leveling route; Red line and blue
line indicate average LOS velocity of the specific time span and average between 2014
to 2020, respectively; blue triangle is the reference station R016(GS55). Vertical
dashed lines indicate the location of active faults, HKSF is Hsiaokangshan fault, CHNF

is Chishan fault, CKLF is CheKualin fault, and CCUF is Chaochou fault.
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Figure 3-4-4 : Comparison of PSInSAR and Kangshan-Anpo leveling route in ascending
track. From the top to bottom are topography, 2018-2020 period, 2016-2018 period
and 2014-2016 period. green dots is the elevation change in the specific time period;
pink dots represent PSINSAR velocity project to the leveling route; Red line and blue
line indicate average LOS velocity of the specific time span and average between 2014
to 2020, respectively; blue triangle is the reference station G525(AKND). Vertical
dashed lines indicate the location of active faults, HKSF is Hsiaokangshan fault, CHNF
is Chishan fault, CKLF is CheKualin fault, and CCUF is Chaochou fault.
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Figure3-4-5: Comparison of PSInSAR and Kangshan-Anpo leveling route in descending
track. From the top to bottom are topography, 2018-2020 period, 2016-2018 period
and 2014-2016 period. green dots is the elevation change in the specific time period;
pink dots represent PSINSAR velocity project to the leveling route; Red line and blue
line indicate average LOS velocity of the specific time span and average between 2014
to 2020, respectively; blue triangle is the reference station G525(AKND). Vertical
dashed lines indicate the location of active faults, HKSF is Hsiaokangshan fault, CHNF
is Chishan fault, and CCUF is Chaochou fault.
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Figure 3-4-6 : Comparison of PSInSAR and Jiadong-Qijia leveling route in ascending
track. From the top to bottom are topography, 2018-2020 period, 2016-2018 period
and 2014-2016 period. green dots is the elevation change in the specific time period;
pink dots represent PSInSAR velocity project to the leveling route; Red line and blue
line indicate average LOS velocity of the specific time span and average between 2014
to 2020, respectively; blue triangle is the reference station GC85(CLON). Vertical

dashed lines indicate the location of active faults, CCUF is Chaochou fault.
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Figure 3-4-7 : Comparison of PSInSAR and Jiadong-Qijia leveling route in descending
track. From the top to bottom are topography, 2018-2020 period, 2016-2018 period
and 2014-2016 period. green dots is the elevation change in the specific time period;
pink dots represent PSInSAR velocity project to the leveling route; Red line and blue
line indicate average LOS velocity of the specific time span and average between 2014
to 2020, respectively; blue triangle is the reference station GC85(CLON). Vertical

dashed lines indicate the location of active faults, CCUF is Chaochou fault.
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Figure 3-4-8 : Comparison of PSINSAR and Hengchun-Jialeshuei leveling route in
ascending track. From the top to bottom are topography, 2018-2020 period, 2016-
2018 period and 2014-2016 period. green dots is the elevation change in the specific
time period; pink dots represent PSINSAR velocity project to the leveling route; Red
line and blue line indicate average LOS velocity of the specific time span and average
between 2014 to 2020, respectively; blue triangle is the reference station G670(HENC).

Vertical dashed lines indicate the location of active faults, HCNF is Hengchun fault.
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Figure 3-4-9 : Comparison of PSInSAR and Hengchun-Jialeshuei leveling route in
descending track. From the top to bottom are topography, 2018-2020 period, 2016-
2018 period and 2014-2016 period. green dots is the elevation change in the specific
time period; pink dots represent PSINSAR velocity project to the leveling route; Red
line and blue line indicate average LOS velocity of the specific time span and average
between 2014 to 2020, respectively; blue triangle is the reference station G670(HENC).

Vertical dashed lines indicate the location of active faults, HCNF is Hengchun fault.
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Figure 4-1-1 : Average velocity field between 2014 and 2016 processed with threshold
of 0.6. Warm colors represent surface approaching satellites and cold colors represent

surface moving away from satellites.
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Figure 4-1-2 : Average velocity field between 2014 and 2016 processed with threshold
of 0.75. Warm colors represent surface approaching satellites and cold colors

represent surface moving away from satellites.
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% 4-1-1: 2014-2016 /&Jd2 % #c® PS BE#ic# o 4 B2 % 2015/08/18 °
Table 4-1-1 : Parameters and numbers of PSI points used in the 2014-
2016 time slot. Master image was 2015/08/18.

Bl %2 %] | Threshold WSD PS EL#ic H
1 0.6 1 1418027
2 0.7 1 2648608
3 0.8 1 4509686
4 0.8 0.9 4290253 density=25
5 0.8 0.9 4265394
6 0.8 0.8 4012176
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Figure 4-2-1 : Average line of sight (LOS) velocity fields between 2014 and 2016
processed with images of ascending orbits. Warm colors represent surface

approaching satellites and cold colors represent surface moving away from satellites.
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Figure 4-2-2 : Average LOS velocity fields between 2014 and 2016 processed with
images of descending orbits. Warm colors represent surface approaching satellites and

cold colors represent surface moving away from satellites.
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Figure 4-2-3 : Average LOS velocity fields between 2014 and 2016 processed with
images of ascending orbits and profiles across the HsiaoKangShan Fault. The red dots
are the PSInSAR 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 4-2-4 : Average LOS velocity fields between 2014 and 2016 processed with
images of descending orbits and profiles across the HsiaoKangShan Fault. The red dots
are the PSInSAR 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 4-2-5 : Average LOS velocity fields between 2014 and 2016 processed with
images of ascending orbits and profiles across the CheKualin Fault. The red dots are
the PSINSAR 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 4-2-6 : Average LOS velocity fields between 2014 and 2016 processed with
images of descending orbits and profiles across the CheKualin Fault. The red dots are
the PSINSAR 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 4-2-7 : Average LOS velocity fields between 2014 and 2016 processed with
images of ascending orbits and profiles across the HengChun Fault. The red dots are
the PSInSAR 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 4-2-9 : Average LOS velocity fields between 2014 and 2016 processed with

images of ascending orbits and profiles across the industrial parks and the

metropolitan areas. The red dots are the PSInSAR 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 4-3-1 : Average LOS velocity fields between 2016 and 2018 processed with
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cold colors represent surface moving away from satellites.
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Figure 4-3-3 : Average LOS velocity fields between 2016 and 2018 processed with
images of ascending orbits and profiles across the HsiaoKangShan Fault. The red dots
are the PSInSAR 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 4-3-4 : Average LOS velocity fields between 2016 and 2018 processed with
images of descending orbits and profiles across the HsiaoKangShan Fault. The red dots
are the PSInSAR 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 4-3-5 : Average LOS velocity fields between 2016 and 2018 processed with
images of ascending orbits and profiles across the CheKualin Fault. The red dots are
the PSInSAR 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 4-3-6 : Average LOS velocity fields between 2016 and 2018 processed with
images of descending orbits and profiles across the CheKualin Fault. The red dots are
the PSInSAR 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 4-3-7 : Average LOS velocity fields between 2016 and 2018 processed with
images of ascending orbits and profiles across the HengChun Fault. The red dots are
the PSInSAR 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 4-3-8 : Average LOS velocity fields between 2016 and 2018 processed with
images of descending orbits and profiles across the HengChun Fault. The red dots are
the PSInSAR velocity, the black line is the average line, the gray dashed lines are the
fault location, and the gray solid line is the terrain.

141



4-3-3 P EFFHFTE FIG 447

AFTE S FENRPEFI RO E Rk LB R B0 b hAf
ER% B2 EFRF -FLMERTABLETRE  FIREERBEa vl
S G T AT o K ER| G EBA ] 500 2 ¢ pchPS B o M-H P T

-

hoA_e2 o TN FE

ﬂ\«y

| BEHLE T - g B aypd  EFR e LOS T

qgou'ri}r,;‘zm/,,\vﬁ;\.% P e B PR

4331 fHF LB

HEFAFEEFF A i35 L8 SCLES A2 w35 SC2 AT * w35
SCL3w ch= fig B % (B 4-3-9) g 1B 2 NETK N5 8mm/yr chi £ - 81k

7 45 ¢ LOS H57

A
=)
\ 7

Pk AT A SCL 3 etE LiE B % (@4310)3&1 =

WEAETR 9F 3-5mm/fyr L B ¥k T & 0 LOS Mgk WA AE 0 SC2 3]

=1
5
\1
=
i
1:\%—

% (H4-3-9) 4p MBS 2 A ST NG 2-3mm/yr chE B oo STk U
F AR L0S grmiE A T A 5 SC2 3G etk fuf B % (B 4-3-10) 4y HppiE R

NETR K5 2-3mm/yr chZ R ETR P eh LOS M A T o

4-3-3-2 3 A EF %

BAPEFI TG A iF3 0 LE SKLE s> e SK2EL T > w5 e
A puig (] 4-3-9) 0% #uig (] 4-3-10) 5 SK1 21 chffc i 30 4% -5 1 5mm/yr
2 BB B LR 0 IR A e 54 e i A g (1) 4-3-9)
fors $uif (W 4-3-10) chSK2 216 cnficie s R &0 1-10 mm/yr 2 B > e £

142



FHEIRING 21 6 2L adFeE FRA R~ @ 24 BRug BRlag s ma7
DB R BFDT I 8mmfyr L B oo B EA BT B ATELPI D PSI £

Bk A H TR R DY L UL S A E S d e

4-3-3-3 3 234 %

I

\4

BAIE T = E] G LB KCL S A 3e 0 K2 o KC3 £ KA = %

]H o KC1 2w 02 Fusg (B 4-3-9) fo'# g (K] 4-3-10) ﬁﬂ.&é%*‘lgf&;}% s

u
N
v
‘pf
,{gq
=k{
)
—
(@]
wn
[
b
;_':s
;*a
\
i
=
il
e
_
o
fon
)
o
3
3
~
<
=
?
I
\p"
L
hd
s

MEE A ARHENEF R RE AR 2P ERFRFAEFAT LT HE
FI% 20 = 2 e 5 mm/yr $gEenl0S £ & £ 0 ¢ R & 2014-2016 # £ F R
BEF B apasi s Y obo 10224014 D2 it PRSI R AL WP
BRI PN ehp 456 B0 W B R o KC2 25 o2 puig (B 4-3-9) fo's v ()
4-3-10) B %A 143 15 2L A P RN E DR T & g LR iR}
B o KC3 2o a0 druif B % 87 (B 4-3-9) LOS =45 i F = ?‘]‘5'3—5_71 10 mm/yr
2B EPGE R R Br (W 4-3-10) LOS #4538 5+ 5 3R 4-10 2 S5mm/yr 2 [ -

ARG ORAAETAP Y - K o

4-3-3-4 # % 2T R %

ABETREF ZEN G ENE o e PLL 3e PL2 fr3] G PL3 ?rz‘{a‘\g—%

w2 @ oo PLL 26 o0 fuiE (Bl 4-3-9) 4o i (B 4-3-10) hE % AT & 14

F_*

o8 il # LK 3 103 15mm/yr <hLOS i R 3H-L R ¥R i ap gt

W KRR E e 0t b 23 422 & 73 20 3 25mm/yr £ B

143



SRR E A o AR R R ARET T R P At RS 0 PL2 2
ooenA g (B 4-3-9) fo'd g (B 4-3-10) cnB %8s 23 7 222 fFan

LOS ﬁﬁ"f’_;—f AR FLS B ﬂ%ﬁm‘ﬁ ;e %103 15 22 2 fF 5 A g ehig

N
|
~
v
vz
';_\:
—
(@]
w
‘mﬂ
l*!‘
m

@ EPLAE R PR 2 3 7 2 2 9L0S
ﬁ@ﬁ$iﬁ:%ﬁiﬂ’&16Qiaﬁﬁﬁﬁﬁ%%ﬁﬁﬁ’ﬂﬁﬁj10
mm/yr hE B > e EEPGE T F 3mm/yr chL B o PL3 26 o puiE (B 4-3-9)
et (B 4-3-10) ehig % & 53 20 22 2 FFenLOS 451k F 484§ Ap &~
oAl g R R R 5 22 2 5 B L0S fEidE o0 @ puE I T R

5 22 2 % B 1 LOS Gt 5

EZESAENE

144



_5[sct Chishan Faut N SC1] B 15 ke2 .
2104 v s % . " E S 10 400 g
E 2 < 5
Es § Es g
@ g @ g
g e 8 - 100
-5 -5 i 0
012345678 91011121314 151617 1819 20 21
Distance (km) Distance (km)
fg SC2 Chishan Faut scz] 0 15 [KC3 S0
s . e 0 E 10 400 g
£ ; a0 g B 30 §
@ 200 ¢ 2 o 200 €
H H
Q 100 @ 8 o B 100 w
L = - o -5 . Y R il 297
0 1 2 3 4 5 012345678 91011121314151617 181920 21
Distance (km) Distance (km)
15 P P pLi] °%
3 £ £ 5 Bt vV N g g 10 E
E 5 £ 2 Chekualin Fault 300 5
2 g 2 -101: 200 §
S ] e 100 @
35 0
0 1 2 3 4 5 6 0 5 10 15 20 25 30
Distance (km) Distance (km)
2 - 57 500
PL2 Chekualin Faur Chishan Faui PL2
5 e g3 Ty "o w0 g
£ § E 5 300 g
é g g 72 b o i 200 €
S & S 1ol & 100 @
Zi5 | v g
0 5 10 15 20 25 30
Distance (km)
“Chishan Fault
E z £ £
E 2 E g
2 E 2 E
Q 100 2 w
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 0 5 10 15 20 25 30
Distance (km) Distance (km)

Bl 4-3-9:2016-2018 # § F] % &7 ‘]5'3 € % 2 PLiE B2 f LOS T i R HE 3G Rl e
=8L% PSINSAR i B> 245 TIOEM A RARLETE B o FARLE R A
Figure 4-3-9 : Average LOS velocity fields between 2016 and 2018 processed with
images of ascending orbits and profiles across the industrial parks and the
metropolitan areas. The red dots are the PSInSAR 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 4-4-3 : 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 PSInSAR 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 4-4-4 : Average LOS velocity fields between 2018 and 2020 processed with
images of descending orbits and profiles across the HsiaoKangShan Fault. The red dots
are the PSInSAR 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 4-4-5 : Average LOS velocity fields between 2018 and 2020 processed with
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images of ascending orbits and profiles across the CheKualin Fault. The red dots are
the PSINSAR 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 4-4-6 : Average LOS velocity fields between 2018 and 2020 processed with
images of descending orbits and profiles across the CheKualin Fault. The red dots are
the PSInSAR 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 4-4-7 : Average LOS velocity fields between 2018 and 2020 processed with
images of ascending orbits and profiles across the HengChun Fault. The red dots are
the PSINSAR 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 4-4-8 : Average LOS velocity fields between 2018 and 2020 processed with
images of descending orbits and profiles across the HengChun Fault. The red dots are
the PSINSAR 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 4-4-9 : Average LOS velocity fields between 2018 and 2020 processed with
images of ascending orbits and profiles across the industrial parks and the
metropolitan areas. The red dots are the PSInSAR 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 4-4-10 : Average LOS velocity fields between 2018 and 2020 processed with
images of descending orbits and profiles across the industrial parks and the
metropolitan areas. The red dots are the PSInSAR 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 4-5-1 : 2018-2020 Time series of six selected locations (ascending data). We
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fault (X2) profiles as reference points, and their southern endpoints as the observation
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represent curves of horizontal velocity parallel to strike, curves of horizontal velocity
perpendicular to strike, curves of vertical velocity, and the diagram of fault geometry,

direction of movement, and associated parameters.
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Figure 5-1-2 : Profiles extracted from InSAR results (assending orbits) across the

CheKualin Fault. Profile C1 is picked to perform the modelling for this fault.
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Figure 5-1-3 : Profiles extracted from InSAR results (assending orbits) across the

Hengchun Fault. Profile H1 is picked to perform the modelling for this fault.
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Figure 5-1-4 : Profiles extracted from InSAR results (assending orbits) across the

Hsiaokangshan Fault. Profile X2 is picked to perform the modelling for this fault.
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Dip Slip-Dip Angle
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Dip Angle
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B 5-2-1: Xz 4F 2 7T > %k ¥ & (Dip Angle)£ #2 i (Dip Slip) &= RMSE &%
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Figure 5-2-1 : Figure shows the distribution of Dip Angle and Dip Slip within 0.1%

RMSE, when strike slip is zero.

Fault Top-Dip Angle
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Fault Top

B 5-2-2: 'L AF 5 F T o A ¢ & (Dip Angle)£ %7k 7E $%(Fault Top) . RMSE
g f A 20 0.1 ik s TR e
Figure 5-2-2 : Figure shows the distribution of Dip Angle and Fault Top within 0.1%

RMSE, when strike slip is zero.
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Bl 523 1 "URAF 5 BT 0 ¥4 M & (Dip Angle) & ¥7 & /% 2% (Fault Bottom)
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Figure 5-2-3 : Figure shows the distribution of Dip Angle and Fault Bottom within 0.1%

RMSE, when strike slip is zero.
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Bl 5-2-4 1 *LEEH 5 F T o ¥k ¢ & (Dip Angle)£? A (Strike Slip) t= RMSE 3
B A2 01 ehiEfics TR e
Figure 5-2-4 : Figure shows the distribution of Dip Angle and Strike Slip within 0.1%
RMSE, when dip slip is zero.
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Faul Top-Dip Angle
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Fault Top
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Figure 5-2-5 : Figure shows the distribution of Dip Angle and Fault Top within 0.1%
RMSE, when dip slip is zero.

Fault Bottorn-Dip Angle
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Figure 5-2-6 : Figure shows the distribution of Dip Angle and Fault Bottom within 0.1%
RMSE, when dip slip is zero.
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Figure 5-2-7 : Best-fit results of the CheKualin Fault in profile C1, considering only dip
slip. Numbers present are dip angle (°), fault top (km), fault bottom (km), dip slip

(m/yr), strike slip (m/yr).
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Figure 5-2-8 : Best-fit results of the CheKualin Fault in profile C1, considering only strike
slip. Numbers present are dip angle (°), fault top (km), fault bottom (km), dip slip

(m/yr), strike slip (m/yr).
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Figure 5-3-1 : Best-fit results of the Hengchun Fault in profile H1, considering only dip
slip. Numbers present are dip angle ("), fault top (km), fault bottom (km), dip slip
(m/yr), strike slip (m/yr).
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Figure 5-3-2 : Best-fit results of the Hengchun Fault in profile H1, considering only
strike slip. Numbers present are dip angle ("), fault top (km), fault bottom (km), dip

slip (m/yr), strike slip (m/yr).
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Dip Slip-Dip Angle

Dip Angle

Bl 5-3-3: Xz 4JfF 5 7T &K ¥ & (Dip Angle) #2/§ (Dip Slip) & RMSE &3 |
Az 0.1 chipfich B
Figure 5-3-3 : Figure shows the distribution of Dip Angle and Dip Slip within 0.1%

RMSE, when strike slip is zero.

Fault Top-Dip Angle
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Fault Top

Bl 5-3-4: x4 fF 5 BT o ¥k 7 & (Dip Angle)sZ %7k 7% % (Fault Top) & RMSE
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Figure 5-3-4 : Figure shows the distribution of Dip Angle and Fault Top within 0.1%

RMSE, when strike slip is zero.
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Bl 5-3-5: " AF 5 FT 0 ¥k ¥ & (Dip Angle) & ¥7 & & % (Fault Bottom) %
RMSE ¢ 7 4 2. 0.1 chi a5 B o
Figure 5-3-5 © Figure shows the distribution of Dip Angle and Fault Bottom within 0.1%

RMSE, when strike slip is zero.

Strike Slip-Dip Angle
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Figure 5-3-6 : Figure shows the distribution of Dip Angle and Strike Slip within 0.1%
RMSE, when dip slip is zero.
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Figure 5-3-7 : Figure shows the distribution of Dip Angle and Fault Top within 0.1%
RMSE, when dip slip is zero.

Fault Bottorn-Dip Angle
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Figure 5-3-8 : Figure shows the distribution of Dip Angle and Fault Bottom within 0.1%
RMSE, when dip slip is zero.

204



5-4 -] L ¥ KBRS &

HEF LV A NE R E PEFE A b B8 E %5 (B 5-4-

1&2)> ¥ 7 % RMSE %1 F A 2 0.1 e % » i (7 & 1 () 5-4-3+8) -

BB E B R A R ] L ETE A S 40760 A (] 5-4-

1&2) 0 8 5 i 7% + 45 (B 5-4-3&6) > F - BIRAFT 2 T3 4 (B 5-

4-4& 7) > B0 iF R B U ( ] 5-4-5& 8) ©

4o % ') strike slip 5 ZPF > %k £ & 5 40°% L ~dipslip + .9
F_12mm/yr> F A3 £ %3540 strikeslip ¥ &> 74 £ B T3 60 & +
# 9 E 70mm/fyro EH FARET L @ LG 5.7 mmfyr chdE A F

(%-F ) a AP applisdr kg 9 I 607mm/yr i1 LOS i & - &2 &
HELPIL R 2 X od GNSS Tl ko) W L¥TE S RS2 FliE 70
mm/yr % B R T o LB (M4 B) o Fpt APt b r L strike

slip A £ 5 F P i3 61K HR S % -

205



8_
— 6_
=
£ 4f
£
w 2
©
0
2+
_4 1 1 1 1 1 Il Il Il I J
20 8 5 4 2 0 2 4 6 8 10
0
2t 40
= 1
£ 15
o
8 6 0.012
gl 0
10 1 1 1 1 1 | | 1 1 |
10 8 5 4 2 0 2 4 6 8 10

Distance (km)

Bl 5-4-1:) LS A3lo X2 B3R M b e S E BT d I T L
R VR & (7) ~ BT E TR 3% (km) ~ ¥7 & A I%(km) ~ dip slip(m/yr) ~ strike slip(m/yr) °
Figure 5-4-1 : Best-fit results of the Hsiaokangshan Fault in profile X2, considering only
dip slip. Numbers present are dip angle (), fault top (km), fault bottom (km), dip slip
(m/yr), strike slip (m/yr).
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Figure 5-4-2 : Best-fit results of the Hsiaokangshan Fault in profile X2, considering only

strike slip. Numbers present are dip angle ("), fault top (km), fault bottom (km), dip
slip (m/yr), strike slip (m/yr).
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Dip Slip-Dip Angle

Dip Angle oip Sl

Bl 5-4-3: Xz 4fF 5 BT > &K ¥ & (Dip Angle) #2/§ (Dip Slip) & RMSE &3 |
2. 01 enEHEcs TR -
Figure 5-4-3 ' Figure shows the distribution of Dip Angle and Dip Slip within 0.1%

RMSE, when strike slip is zero.

Fault Top-Dip Angle

Dip Angle

Fault Top

Bl 5-4-4: LR AF 5 BT 0 474 7 & (Dip Angle)# #74 7% #%(Fault Top) & RMSE
i oA 2 0.1 i Bk ) e
Figure 5-4-4 ' Figure shows the distribution of Dip Angle and Fault Top within 0.1%

RMSE, when strike slip is zero.
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Fault Bottom-Dip Angle

Fault Bott
Dip Angle ault Bottom
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Figure 5-4-5 : Figure shows the distribution of Dip Angle and Fault Bottom within 0.1%

RMSE, when strike slip is zero.

Stiike Slip-Dip Angle
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Figure 5-4-6 : Figure shows the distribution of Dip Angle and Strike Slip within 0.1%
RMSE, when dip slip is zero.
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Figure 5-4-7 ' Figure shows the distribution of Dip Angle and Fault Top within 0.1%
RMSE, when dip slip is zero.
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Figure 5-4-8 : Figure shows the distribution of Dip Angle and Fault Bottom within 0.1%
RMSE, when dip slip is zero.
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Chapter 7 : Conclusions

This study uses Persistent Scatter SAR Interferometry with continuous
and campaign mode GNSS and leveling data to investigate the surface
deformation of 5 faults (including HsiaoKanShan fault, CheKualin fault,
Chishan fault, Choudhow fault, and Hengchun fault) and Kaohsiung
metropolitan and industrial parks (Kaohsiung and Chiaotou) in southern

Taiwan.

By carefully investigating the PSI velocity field and compare the data
with GNSS data, we are able to redesign the processing chain and
reprocess the data to reduce the unwrapping errors. The resultant data
are signifantly improved over the uncorrected one, with slopes (PS vs.
GNSS) improve around 40~95%, and R% improve more than 70% to around
230%. Except the data from the first period (2014-2016), 2nd period
(2016-2018) and 3rd period (2018-2020) are very similar to the GNSS data.
Canpaign mode GNSS data compared less favorably to the radar data,

partly due to the different time interval between the two data types.

Leveling data and Radar data along the leveling profiles compare
favorably to each other. Some deviation between the two possibly came

from non-colocated data and different surveying period.

With the corrected data, investigation to areas of interest can be done
with detail. Fault activities can be seen varied both spatially and

temporally with detail. Location of large offset can be mapped and
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magnitude estimated. Infrastructures nearby the large offset might need

further evaluation to prolong the usage and improve the safety.

With the ascending data of the 3rd period, we performed a
preliminary modeling to investigate the fault geometry along the
extracted profiles. The results differ from the geological data but not by a

large amount.
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