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Improvement of Earthquake Probability Assessment for the
Active Faults and the Analysis of the parameters for the
Seismogenic Structures in Taiwan

Abstract

From the historical literature, the most destructive earthquake events that
occurred in Taiwan are mainly caused by inland active faults. The Central Geological
Survey (CGS) has been publishing active fault maps in Taiwan since 1998. There are
33 active faults published in the 2012 version of the active fault map. The CGS also
launched a series of projects to investigate the details to better understand each
active fault. Referred to experiences from Japan and the United States to establish a
methodology for earthquake probability assessment via active faults, we gathered
these collected data from published documents for compiling active fault parameters.
First, we tried to collect the fault parameters, which include fault geometry (length,
rupture depth, and dip), segmentation, and long-term slip rate. We further calculated
the characteristic earthquake magnitude of each fault by its rupture area via fault
parameters. Toward every possible case considered, we needed to divide the fault
segment to establish potential rupture models. Each fault rupture model is a weighted
combination of the rupture cases of a fault. Furthermore, the long-term slip rate data
can be applied to the characteristic earthquake model to obtain the recurrence
interval. We calculated the recurrence interval of an earthquake by the characteristic
earthquake model. Finally, we adopted the appropriate “probability model” to
estimate the 30-, 50- and 100-year conditional probability of earthquakes for the 33
active faults in Taiwan. The compiled parameters of active faults are critical
information that can be widely applied in the following seismic hazard analysis. In the
prevention and mitigation for the earthquake disaster, we also can suggest that a
fault with high earthquake probability should be paid more attention.

In the 2020 project, we focused on the improvement of fault parameters and
earthquake probability assessment of the eight active faults (26 Milun fault, 27
Lingding fault, 28 Rueyshui fault, 29 Chimei fault, 30 Yuli fault, 31 Chihshang fault,
32 Luyeh fault, 33 Lichi fault) in Eastern Taiwan. The logic trees of these faults were
also been renewed according to experts’ comments. This year’s results are shown in
the contents of “4. Project Result”.

KEYWORDS: Earthquake Potential of Active Faults, Seismogenic depth, Logic tree,
Active Fault Parameter Explanatory Text, Web Query Platform
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1. Preface

In the four years (2013-2016) project “Observation of Fault Activity (Ill):
Integrated Monitoring of Active Faults and Earthquake Probabilities Analysis”, the
Central Geological Survey (CGS) has established a procedure to estimate the
earthquake probabilities for active faults in Taiwan. The procedure referred to certain
experiences from Japan and the United States to establish a methodology for
earthquake probability assessment via active faults published by CGS. The goal is to
build up the earthquake probability map for the 33 active faults. In the previous project,
geological and seismological experts were invited in the expert meeting to discuss
the fault characteristics for earthquake probability assessment. In the previous four
years project, there are still some problems to be solved. Therefore, based on the
suggestions left from the previous project, we would like to propose an improvement
plan for the revision of the earthquake probability map.

Recently, the academic communities keep proposing new investigations and
surveys of active faults. In addition, the Taiwan Power Company investigation data
and evaluation results of active faults near nuclear power plants are also available
for this project to utilize as the latest reference material. Based on the results of the
previous four years projects, this project would like to collect the latest parameters to
re-evaluate the earthquake probabilities for the active faults in Taiwan. We also want
to include the results of the numerical simulations of geodesy analyses for calculating
the active potential of each fault. The improvement works of earthquake probability
assessment for the 33 active faults in Taiwan were divided into four regions (Central,
Northern, Southern, Eastern) in our project, and we will complete it year by year.

2. Background and Objective

Taiwan is located at the boundary between the Philippine Sea Plate to the east
and the Eurasian Plate to the west. Due to the fast plate motions, it is a country with
high seismic activities. According to the past 100 year records, the most destructive
earthquakes in Taiwan were mainly caused by inland active faults. In addition, the
active fault potential information was required strongly after the huge impacts of the
economy and society due to the 1999 Chi-chi earthquake for the hazard seismic
assessment requirement of public construction. Therefore, the investigations and
researches related to the active faults have been one of the hot topics in the earth
science community in Taiwan in recent years.

Besides, according to the Article 22 of the Disaster Prevention and Protection
Act, “Government at all levels should, according to the powers and responsibilities,
conduct investigation and analysis of disaster potential, scenario simulation and risk
assessment, and publish the results in time.” An active fault is one of the work items
in CGS, and CGS has responsibilities for investigating the active faults and their
seismic potential.

In recent years, Japan and California, the high seismic risk area, are working on
the detailed active fault parameters research and seismic probability assessment,
and the results have been widely used in disaster prevention planning and
engineering seismic design. However, applying the active fault investigations results
on hazard potential assessment is still in the early stage in Taiwan. The fault
parameters have not been systematically integrated yet, and it is still far behind the
United States and Japan. Recently, the Central Geological Survey is committed to
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investigating active faults, and plentiful research results have been revealed. When
these results are integrated into parameters for fault activity analysis, then the
relevant works for the potential assessment of active faults can be carried out

In the previous project, the parameter collection of 33 active faults and the
probability of fault occurrence have been completed preliminarily. This work has
learned the experiences and methods from the United States and Japan to follow
their developed procedure for active fault potential assessment of Taiwan. During the
project execution, there are still uncertainties of parameters of each fault. Besides,
Investigation and research on active faults continue in Taiwan. Furthermore, the fault
potential assessment from other countries is also continuously improving. Therefore,
in the improvement of the project, it is necessary to collect the research of recent
years for the fault parameters and consider the solution of problems that arose in the
previous stage project. In the fault potential assessment method, it is also necessary
to keep understanding the improvement methods from other countries, like the United
States and Japan, and this helps the assessment more scientific and meets the
actual observed results.

3. Method and Content

The Working Group on California Earthquake Probabilities (2008) (WG07, 2008)
used a uniform methodology for the earthquake probabilities on the entire state of
California. The framework of WGO07 comprises four models: 1. fault model; 2.
deformation model; 3. earthquake rate model; and 4. probability model (Figure 1).

1. The fault model gives the physical geometry of the larger, known, and

more active faults.

2. The deformation model gives slip-rate and creep estimates for each fault.

3. The earthquake rate model gives the long-term rate of all earthquakes
throughout the region.

4. The earthquake probability model gives the likelihood that each event will
occur during a specified period, perhaps conditioned on additional
information such as the date of the last event.

The mentioned parameters and models include aleatory uncertainties and
epistemic uncertainties. Aleatory uncertainty refers to the random variability that
occurs in the natural world. Epistemic uncertainty refers to knowledge limitation about
the natural world. We adopted expert opinions and a logic tree to account for the
uncertainty in each step of the probability assessments. Expert consultation meetings
were held to determine the fault parameter weights in the logic tree.

The contents of this project can be divided into three parts. The first part is the
collection of active fault data, including (a) writing the parameter explanatory texts of
each active fault, (b) to establish the fault geometry model, and (c) to collect the field
photographs of the active faults. The 2nd part is the earthquake probability
assessment for active faults. The main task is (a) to update the active fault
parameters and logic trees, (b) to calculate the 30-, 50-, and 100- year conditional
probability of each fault, and (c) to establish the Active Fault Probability Map. The 3rd
part is the data collection for the web page query platform. The main task is to
integrate the previous project results into the web page query platform. The previous
project results include fault information, activity parameters, and evaluation results of
earthquake probability. Communicate research results through a map view
interactive interface to meet the rights of the public.

XVI



Specifies the spatial geometry
of larger, more active faults

Deformation
Models

release.

Provides fault slip rates used to
calculate  seismic  moment

Models
Gives the long-term

quakes throughout a

Earthquake-Rate

rate of all

possible  damaging  earth-

region.

Probability

Models

Gives the probability that each
earthquake in the given Earth-
quake Rate Model will occur
during a specified time span

Figure 1. Four models adopted by earthquake probability assessment for active
faults (excerpted from WGO07, 2008)

4. Project Result

In this year’'s project, we reviewed the parameters of the eight active faults in
Eastern Taiwan. The logic trees of these faults also have been renewed based on
experts’ comments. The renewed 30-, 50-, and 100- year conditional probability for
M = 6.5 earthquakes of each fault in Eastern Taiwan is shown in Table 1.

For active fault parameter explanatory text, the parameter descriptions in this
project include (a) the fault geometry, (b) the active parameters, and (c) the
earthquake probability assessment of each active fault in Taiwan. This information
will be integrated into a web page query platform. Besides, we collected the field
photographs of the active faults. These photographs will also be uploaded on the web
page query platform map.

Table 1. The 30-, 50-, and 100-year conditional probability for M = 6.5 earthquakes
of each fault in Eastern Taiwan

The latest " Mw = 6.5 earthquake
Fault name € ati(ra;]seeven Probability model probabilit
30 years | 50 years | 100 years
. 1951 A.D. BPT 28.6% | 42.4% 64.9%
Milun fault
2018 A.D. BPT 2.9% 12.3% 41.5%
Ll?gglltng Lingding: Unknown | Lingding: POISSON| 9.8% 15.1% 25.1%
Ruevshui Rueyshui: 1951 A.D. Rueyshui: BPT
o Full: Unknown|  Full POISSON| 24.0% | 32.4% | 43.3%
Chimei fault Unknown POISSON 3.0% 4.9% 9.4%
Yuli fault 1951 AD BPT 44.7% 53.9% 65.8%
Chihshan North: 1951 A.D.
bl South: 2003 A.D. BPT 29.9% | 45.0% | 70.3%
Full: 1951 A.D.
Luyeh fault Unknown POISSON 11.1% | 16.7% | 27.0%
Lichi fault Unknown POISSON 11.1% | 16.8% 27.1%

XVII



5. Conclusion and Suggestions

At the present stage, this project has completed the improvement of earthquake
probability assessment for the 33 active faults in Taiwan. The goal of this four-year
project is to provide the latest activity parameters and the earthquake probability
result of each active fault. The results of this project will be integrated into a database
for the use of the web page query platform.

The compiled parameters of active faults are the critical information that can be
applied to the following probability seismic hazard analysis (PSHA) and seismic
scenario simulation. And, the PSHA results also can further be utilized in land-use
planning, the seismic safety provisions of building codes, disaster preparation and
recovery, emergency response, and earthquake insurance. For the practice in
engineer application, it can be needed to estimate of maximum seismic intensities for
the design of buildings, critical facilities and lifelines. For the application of public
education, it can expand public education to strengthen the perspective for
earthquake hazard and risk mitigation.
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Fig. 1-2.2 Three-dimensional geometry of the seismogenic structures in California
(excerpted from WGO7, 2008).
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Fig. 2-1.1 Rupture lineation of the Milun fault (Hu et al., 2016).
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Fig. 2-1.2 Logic tree structure of the Milun fault (Hu et al., 2016).
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Fig. 2-1.3 A2 and B3 seismic profiles and A-A’ geological cross section in Hualien
area (Chu and Yu, 1996).
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Fig. 2-1.4 (a) Distribution map of 1991-2002 hypoDD relocated epicenters. (b)

N110°E direction seismicity depth profiles within B rectangle range
(Kuochen et al., 2004).

W e

12



(a) (b)

121.2°E 121.4'E 121.6'E 121.8°E 1220°E

24.8'N

246N
Depth(km)

24.4'N

100 T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200

Distance(km)

24.2'N

(c)

24.0°N

CeR: Central Range
CoR: Coastal Range
LV: Longitudinal Valley
MT: Meilun Tableland
MF: Meilun fault

23.4°N 23.6°N 23.8°'N

23.2°N

23.0'N

~A—4-  Main structures in this area

B 2-1.5: 28430 1991~2010 # € T = R4 & F ~ 3 RIFRAL F 35 & FLRHES
4] - (@)1991~2010 £ ¢ 2 =2 & A % B > (0)B-B'2|o ¥ RiERAT » § ¢
ALK BEE R BT O BRI RRIFIRBELA N BF 0 (OB M
SRS LGE P M F 0 2013 ; Shyu et al., 2016) -

Fig. 2-1.5 Distribution of the 1991-2010 relocated epicenters, B-B’ seismicity depth
profiles, and proposed structural development model (Chen, 2013 ; Shyu
et al., 2016).
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Fig. 2-1.6 Spatial distribution of 2012-2017 relocated epicenters and tomographic
Vp, Vs structures along C-C’profile (Wen et al., 2019).
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Fig. 2-1.7 Structural interpretation of faults involved in seismogenic deformation
during the 6 February Hualien earthquake (focal mechanism in cross-
section view), overlain on regional color tomography and seismicity (Yen
et al., 2019).
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Tab. 2-1.1 Parameters and references of the geometry of the Milun fault

5% % gt 5 3 7 i iER
h Bt g2 E N & BRI G RIVE B
% » 1996 RS iR ER
Kuochen et 1991-2002 2 NA 210 22 RAEP G -
al., 2004 hypoDD € = iz & FERETR
, 1991-2010 3DCOR EFL1:10 202
i ¢ 02013 s a1 . ”
i €T R NA B EFE3:20-30 22
Wenetal. | 2012-2017 & % i3~ NA E10 22 FRPN G -
2019 B d#AHEIG FRREE
C C %
9
- 3
A0 = Y e e e e e - - - - s
0
20 - - i -3
-6
-30 1 e

0 10 20 30 40 50 60
B 2-1.8: #3+F 2 Wenetal (2019) ZiFR A~ F o dim K %k SPa ik

Fig. 2-1.8 This project’s fault geometry setting of the Milun fault based on Wen et a
(2019) C-C’ seismicity depth profile.
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Fig. 2-2.2 Cases and weights of the geometric model for the Milun fault.
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Tab. 2-2.1 Long-term uplift rate from references for the Milun fault(Hu et al., 2016)
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Tab. 2-2.3 Estimated magnitude for one rupture case of the Milun fault.

Coog\elfsl,lrii?l?,d1994 UE EINE e, Z0UL
“k | BH (£ R Y TR e R enan e s | R B AR T
o 0 'v.fré.l }.—B 3 (/E}»;!J L] ﬁ%‘ ‘LFL’]E-F&? LRy ) .
LA ¥ | (km) (km)| (km2) (Mw) )
-0 T +0 (MW)
&% 0-10 km, 65E| 11.0| 386 6.4 6.7 7.0 6.6
& 0-10 km, 65E
w4 A |35 | g 10-25 km sow] 26:3| 921 | 67 | 7.0 | 7.3 7.0
% 0-10 km, 65E
2R 10-30 km, 8OW 31.3| 1096 6.8 7.1 7.4 7.0
kg T E REBER

2 =4t lf 8 210 FEMREAEMW)  ERmm/yr)  HEtES

Wells and Coppersmith, 1994

6.4(0.1)77 \|

) 6.7(0.3) ‘
#REZ0-10 km, 65E _7001)

- _Yen and Ma, 2011

6.6(0.5) |
Wellsand Coppersmith, 1994 | 52 '
— 6 7 0.1) 6) _
" B 0(0.3) 24104 | [ BPTEX |
& o[  R/0-10 km, 65E 7300 2y o
E%F | ' RE10-25 km, 80W Yenand Ve 2011 O 15T
_____

7005

We\ls and Coppersmith, 1994 Q’-D |T|
6.8(0.1) 08) 104
— 7.1(0.3 = 10.
E0-10 km, 65E , 74%0.1% ® %
RE10-30 km, 80W. YenandMa, 2011 o 15.7 |
- 7.000.5)

B12-2.6 0 4 &8k {372 BABM R H(LATR 5 6k 87 - 0 BRK - LD FHE
%) e

Fig. 2-2.6 Renewed logic tree structure of the Milun fault.
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2-4 FRWF2L %

BEFLBATE 2 ERFTMERGS  BZEES- B EFL2ZERF > A
e BPTH m Bk BTk A % 3050 2 100 & e 4 5 > 1395 /¢ # B> BXK
FOBETR B ts- IF AR LT ~ 1951 # > ¥ BPT HN & (73R o ¥4 B&t A4
$7h i - P AR L F ~ 2018 £ 5 5 BPT V8 7%k o

20241 2k BErk PIFEY R LR R AEER L & 2016 # o w pF A
This- I FAERFLT 1951 # - ¥ BPT it 7: 8k o

%242 5 A3 EF BeA BPTH A 2202 %% > 42 5@ 5 & ~ 2020 # >

Bk BETR b fs- XF AL ~ 1951 & > B34 % 30 & ~50 &2 100 & %
44 RN 6.5~7.3 2 % 5 28,696 4249 % 64.9% o T Bk ok B UTA RS- %

FAPEF LG A 2018 & > @Ak 30 £ ~50 #£2 100 # % 2 EERH 6.5~7.3
2 W% 5 2.99 ~ 12.3% % 41.59 -

2241 wppERFEA AL BI =R EAEE 0 2016)
Tab. 2-4.1 Earthquake probabilities for the Milun fault in the previous project (Hu et

al., 2016)
P BB 30 & # & 50 & 4% & 100 & ¥ =%
BHM (Mw) BPT BPT BPT
6.8 < M <75 30.4% 45.6% 70.1%

N VERS S TR LT ER
Tab. 2-4.2 Earthquake probabilities for the Milun fault in this project

i BB 30 & i & 50 & 4% % 100 & 5 =
M (Mw) BPT BPT BPT BPT BPT BPT

(Last 1951) | (Last 2018) | (Last 1951) | (Last 2018) | (Last 1951) | (Last 2018)
6.5= M =7.3| 28.6% 2.9% 42.4% | 12.3% | 64.9% | 41.5%
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Fig. 3-1.1 Segmentation of the Longitudinal Valley fault and the geological strip
map of the Lingding fault (Chen et al., 2008 ; Lin et al., 2009).
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Fig. 3-1.2 Logic tree structure of the Lingding fault (Hu et al., 2016).
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Fig. 3-1.3 Electrical resistivity profile across the Lingding fault (Lee et al., 2004).
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Bl13-14: TG 8k AR ESm(Glp 222 % > 2004) -

Fig. 3-1.4 Geometry and segmentation of the Longitudinal Valley fault (Lee et al.,
2004).

Seismicity — 3D relocation
Range : 120.9 /122.0 / 22.6/ 24.3 ; Duration : 1991 = 2002
Depth : 0 - 300 km ; Magnitude : 25~ 8

B3-15: st 7 ~a 3DEL e BiFRAEASF25 (@A Leeetal, 2008) -

Fig. 3-1.5 The 3-D relocation seismicity around the LVF and the seismicity profile
across northern, central, and southern segments of the LVF (Lee et al.,
2008).
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Fig. 3-1.6 A schematic crustal cross section across central Taiwan (Shyu et al.,
2006).
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Fig. 3-1.7 East-west tomographic sections of absolute velocity and seismicity depth
distribution across the northern and central Longitudinal Valley fault.
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Fig. 3-1.8 The earthquake sequence related with a ML 4.7 event on 19 December
2009 beneath the northern part of the Coastal Range (Shyu et al., 2016).
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Tab. 3-1.1 Parameters and references of the geometry of the Lingding fault and the
Rueyshui fault

e
* TR 5 4 | A (km)
K
T34 % 02004 | #47E | OAE-YMI-SFOL pls T | % & & -
Lee et al., 2008 f#; 1991-2002 # 3D £ ==+ R | B & & -
n‘-’u hS
Kuochen etal., 2012 | st |CO2 i Rfrd|e 2 # R4 F | 65E . g

Shyu et al., 2016 A8 | 2009/12/19 MLA.7 3= & & 7| 65E 20-40
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Fig. 3-2.1 Segmentation and rupture model of the the Lingding - Rueyshui fault
system in this project.

% 3-21: BEETE BB TRE B EF(F RIE > 2020)
Tab. 3-2.1 Slip deficit rate of the Lingding fault by model inversion (Ching et al.,

2020

. + R 10.8 23.1 16.0 16.6
: }; T35 | 9810 | 10.4+12.7 8.8+7.2 9.7
- 5 8.8 0.0 1.6 3.5
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% 3-22 BTR-hARUTR kAL B E 2 B RAREGE
Tab. 3-2.2 Estimated magnitude for one rupture case of the Lingding - Rueyshui
fault system.

Wells and Coopersmith, 1994 Vi d Ma. 2011
dof |08l | £ R (R W4 s | RAsfoen ) | TSRS R
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Fig. 3-2.2 Renewed logic tree structure of the Lingding - Rueyshui fault system.
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Fig. 3-3.1 Recurrence relationships based on characteristic earthquake distribution
for three rupture cases of the Lingding-Rueyshui fault system.
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Fig. 3-3.2 The relationships between magnitude and weighting for three rupture
cases of the Lingding-Rueyshui fault system.
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Fig. 3-3.3 The relationships between recurrence interval and weighting for three
rupture cases of the Lingding-Rueyshui fault system.

34




(a)

Case A-C
0.3
0.25 Ocase C
0.2
. Ocase B
< 0.15
0.1
Bcase A
0.05
0 .

0.4

0.35 Ocase C
0.3
0.25

§ 0.2 [Ocase B

0.15 [ ]

0.1 Wcase A

0.05
0 .

o o o o o o o o o o o o o o o o

n o n o wn o N o n o o o o o o o

CIJ — — [o\] o [e0] o < < n [(e} ~ 0 [e2} o o

o o o o o o o o o o o o o | I

n o wn o wn o N o wn o o o o o o

— - [a\] o m on < < mn (0o} ~ o] o o

[e)] o

i

RI

B 3-3.4:(a) S E-sMETE sz 2IVEBIEMAS L REHELE A FH (D) HTE-BR
YTk k2 DIVEBAEMAS A H RRFFIEET-REAS T H -
Fig. 3-3.4 (a)The summed magnitude - weighting relationship and (b) the summed

recurrence interval - weighting relationship for the whole logic tree
branches of the Lingding-Rueyshui fault system.
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REFLBATE 2L ERBFREFRL  RIEELE - Ik EF A2 >
i 4 BPT #5358 5 B A 57 A A k 3050 2 100 & chgf 2 5 > A3- 4355 Uk S

P> A(S TR )2 4 ¢ Poisson #5735 0 BRI 12 1951 & % it - =
* BPT 5V 73 » C(H B+ f0)E k= * Poisson 5

%341 3T EE AT ETER LR AL FER LS £ 2016 £ > W PR A
FEiE- I BFAEFR LT 1951 &> % BPT V873005 o ¥ B - st 4
PERN S AT 4R Poisson o3V i TR e

AR REEETEEF LS PR ARG L F S & 3
42 5 2P HEHBTRER TR LR o ACEERF L e £~ 20208 > 3 Ak 30 & ~50 &
2 100 £ 4 3 RERH6.5 1 F 2 55 9.8% ~15.19%% 25.19% -

¥ e

R IR o

2341 AT EABTEAEF A BIER(FER E 0 2016)
Tab. 3-4.1 Earthquake probabilities for the Lingding fault in the previous project (Hu

et al., 2016)
PR BRI 30 & 4 5 50 & f 100 & $ &
M (Mw) BPT Poisson BPT Poisson BPT Poisson
6.8 = M £74 9.1% 11.6% 15.7% 18.3% 30.4% 32.2%

342 AT HEHTRUR T A PF TR
Tab. 3-4.2 Earthquake probabilities for the Lingding fault in this project

Pk RERK 30 & % & 50 & ¥ = 100 & ¥ &
M (Mw) Poisson Poisson Poisson
6.8 = M 7.7 9.8% 15.1% 25.1%
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Fig. 4-1.1 Geological map of the Rueyshui fault (Lin et al., 2009).
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Fig. 4-1.2 Logic tree structure of the Rueyshui fault (Hu et al., 2016).
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Fig. 4-2.1 Segmentation and rupture model of the the Lingding - Rueyshui fault
system in this project.
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Tab. 4-2.1 Data collection of the Ioni-term uilift rate of the Rueishui fault.
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T R ; ~ -
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T R : ~ ~
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4L ,\: Ve
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F 422 BARETR Z RS FHE o EFSE =A@ F/sin( &)]sin(E A &)
Tab. 4-2.2 Net slip rate calculation of the Rueyshui fault.

e | ‘ TR
8K 2 E(R)| B A

e (mm/yr) ER) | PR (mm/yr)

60 15.9

12.5 70 14.7

80 14.0

T AR ET R 65 o0 204

16 70 18.8

80 17.9

# 4-23 1 BUE-mh RN iz B E B RARRSG R
Tab. 4-2.3 Estimated magnitude for one rupture case of the Llngdlng - Rueyshui
fault system.

Wells and Coopersmith, 1994 v d Ma. 2011
ooy | £ e [0k | api | AlsgoRmm sy | YEnend e B0
fof | % | ) | () |(km)| (2) | (km2) (Mw) W)

-0 T +0

A
s 37 |27.5(30.3| 65 | 1123 6.8 7.1 7.4 7.1
mi| B
LM] . 24 |27.5(30.3| 65 | 728 6.6 6.9 7.2 6.9
S C,L 61 | 27.5(30.3| 65 | 1851 7.0 7.3 7.6 7.3

HE

HE  EEEE  WEES  WREE I ERRB

%*ﬂ‘i %14: (E) (km) *E*E(MW) ?E;—'_K:(mm/yr) ?EE‘I‘*EEC

WeIIs and Copper5m|th 1994

35 \
8(0.1) 04) POISSON
1(0.3) B
< S, L @c’/ 16.6 | ‘

Yen and Ma, 2011
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Fig. 4-2.2 Renewed logic tree structure of the Lingding - Rueyshui fault system.
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AEFLBATEZERABFRIERFRGS  BIE RS- I EF42BEF 4
i BPT 40 & 5 8k A & 3050 2 100 & e 4 8% » k3§ 3T 6 Bk B
PE > A( TR )i s ¥ Poisson st i (7376 > B3y AR) Rl 12 1951 # 4 Boif- S 4
* BPT #4732 » C(4 T+ )2 K4k * Poisson {3 & 7325 o

2 4-41 SRS BRI R LB R AL T L 5 A 2016 &
FERiE- AFFEFERHET T L1972 F > ¥ BPT iV 27300 o

AR ARG F AT F Bk ”PLTW RAAH 2825 & 4
42 5 AP HE BRI B ;,mp%ﬁmn 22020 & > ffh- S F AT
1951 #> @A Kk 30&-50%% 100 # %4+ RER65 2 @55 24.0
9% ~32.4% % 433/°

344315 A E M- AT B > AR PR L F & 2020 £

5'1%130& 50 # 2 100 # 4 4 » RaERHB 65 0 2 5 5 30.5% 0 42.4% -

59.8/o°

2441 FFEERAEAF L BIETR(EA $ 0 2016)
Tab. 4-4.1 Earthquake probabilities for the Rueyshui fault in this project (Hu et al.,

R

ml.

2016)

B BB 30 & # & 50 & # 100 # s %
M (Mw) BPT BPT BPT
68 < M <74 31.1% 49.4% 76.7%

2442 AP EMETE S S BFER
Tab. 4-4.2 Earthquake probabilities for the Rueyshui fault in this project

30 & # F 50 & # & 100 £ 4
Py RAERHAC [ A Poisson | A :Poisson | A : Poisson
M (Mw) B : BPT B : BPT B : BPT
C : Poisson | C : Poisson C : Poisson
6.6 = M 7.7 24.0% 32.4% 43.3%

# 443 AP FHETR-ARETE AP AP TR
Tab. 4-4.3 Earthquake probabilities for the Lingding- Rueyshui fault system in this

project
30 & # F 50 & # & 100 £ 4
Py RAERHB | A Poisson | A: Poisson | A : Poisson
M (Mw) B : BPT B : BPT B : BPT
C : Poisson | C : Poisson C : Poisson
66 = M =77 30.5% 42.4% 59.8%

44



I % ~FEWEBELER

AR Sl EMewEFE MBI S 28K BIERS & 0 SRR A3
LB FT2 I P 052 A HE F lz«'-’r/é] i ATz, S Bl T BERATE ATHK 053 & 5 {1
P BACR Y A BIEME R M RS FIES S 0 54 &5 8k & £ 3050 Z
100 # e B 3= 8% o

+ £ 9k S B AT
5-1-1 By E 5 %

FEPRAF O EIEEANLE Y TRIANF ZUE G A RS B e R
2T a0 FIM AT ETEREEE T - AAARS B LR 3022 4ef
5-1.1-

FEUTEMALR LI MU GHRER - F PRI R ELT > PR E N
BPEAE B80% -85 R ~90 BT BIEREE c BRFPEFUTHULIEBE B TN
HEiFR 25 2 B fAET A AR > FI R R BHERTY ER G 25 202 T A 5
TAFEIN S BERY TR -

+ F U R 2 e BARHEC 0 Bl ~ Wells and Coppersmith (1994) % Yen and
Ma(2011) 2 %7k A 7 o #f ¥+ RERIZ 5% o538 2 ¢ ¥ Wells and Coppersmith
(1994) 2 HFHFZLIEL T2 A2 o

DR EAFTAME TAATH T R EFE WA LD FHE S T
AR A% 228k LT ia,ﬁ siff 5 3.68 mmlyr - F #5455 1.62
mm/yr o

BiT- AEBEFEF AT d B AT ko7 Tl F 8 ERERT S AN
RomAhz s Ra T APBH AR 2T PR LR o wIEE3E 4 14 Poisson #55t 3
s l&q»@i ;gﬁzgn o

iﬂi’%éﬁ‘ﬁi ;,b “%ngf;ﬁ fido®] 5-1.2 #77 0 & &8k
(2016) % = FEEip b4p 2

E 4
9

\\\?{r

ﬁi

£ 2w

\\\?{r

TR X

45



ZSDIUOD

295‘000

300|000

2619000

260?000

2609000

& T3

FAR-H AR R

A

R )
o
= \ﬂ
4% j
2 | i

Fl R R A

T
2610000

T
2605000

T
2600000

]
a | PR

259?000

7T 803

05P-CMI-TLO1 2 &%
05SE-CMI-TLO2:) 4%

e = 7 04E-YLI-YLOT3 4

t
e
3]

@& HE» 2o

W

EEEs ¢
HER
AEER
Bs | BV E A
CRE S L 12
AR LA
FRAAME
GPS B 1 8
LS
GPS % im| 26 Sk F 25 3405
ik E
S E
bRl B
EE R S

T
2595000

A R RAAS
;’ 7 R (A% ~ 8345 77 L8
A oEREsTRR)

1 ) 1
290000 295000 300000

W 5-1.1: 4 %40k 54 # 7 B(Hec2 % > 2009) -

Fig. 5-1.1 Geological map of the Chimei fault (Lin et al., 2009).
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Fig. 5-1.2 Logic tree structure of the Chimei fault (Hu et al., 2016).
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B5-14: Aesiihiftda > d 5%k B (Hee ¥52009) -
Fig. 5-1.4 Chimei fault outcrop at Hsiukuluan-chi, southeast of Chimei village (Lin et
al., 2009).
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Fig. 5-1.5 Ground resistance image profile(Dong et al., 2005).
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Fig. 5-1.6 Geologic map along the Chimei fault (Chen and Wang, 1996).

% 5-1.1: 4 240k B e 4p b 2
Tab. 5-1.1 Parameters and references of the

eometry of the Chimei fault

® = 73 M4 (R) 7 & (km)
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Fig. 5-1.7 This project’s fault geometry setting of the Rueyshui fault and the Chimei
fault.
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Fig. 5-2.1 Relationships between “C age, long-term uplift rate, elevation, and
distance along the Coastal Range coast (Chen et al., 2020).
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Fig. 5-2.3 The recurrence relationships
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distribution for the Chimei fault.

i@ F % 3.0 mmlyr -

Fig. 5-2.4 The recurrence relationships
based on slip rate= 3.0 mm/yr
characteristic earthquake
distribution for the Chimei fault.
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Fig. 5-2.5 Renewed logic tree of the Chimei fault.
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4 PEER L AT TPt A2t F % Poisson foN i (IR o

%541 5 H FHREPIFEDRTERLES AT ER LT & 2016 # o wpF A
FEiE- X FAEFL A F* Poisson Vg 7R o

% 5-42 34334 24k Poisson H:0 2 =2 % > LEER L a & 2020
£ FINAKR30E ~50F2 100 &5 4 BER65~72 2855 3.0% ~4.9%
% 9.49¢ -

2541 W EFEPEEAE L BIER(FEA S > 2016)
Tab. 5-4.1 Earthquake probabilities for the Chimei fault in the previous project (Hu

et al., 2016)
Pk RAE 30 £ ¥ & 50 & ¥ % 100 & # &
M (Mw) Poisson Poisson Poisson
66 = M =£7.3 5.8% 9.3% 17.5%
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Tab. 5-4.2 Earthquake probabilities for the Chimei fault in this project

Pk BAE 30 £ ¥ & 50 & #% % 100 & 4 &
M (Mw) Poisson Poisson Poisson
65 =M £7.2 3.0% 4.9% 9.4%
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Tab. 6-1.1 Parameters and references of the geometry of the Yuli fault
> = & R
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" P T 1 O4E-YLI-YLO2 3] | &d A ze &« = o
WRE A e F o ,
ER&S 12004 & AT A G A
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Shyu et al., 2007 W h R E 5 R >5 =12
Kuochen et al.
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Tab. 6-1.2 Slip deficit rate of the Yuli fault by model inversion (Ching et al., 2020)
BLOCKS | DEFNODE E\f‘;‘fs“igi
Model Model Model by %g;l _&’a;ﬁ
mn e | EOERBE | Eh Ty | BT
e R, & 45 REEE & g 2 F K (mmlyr)
T A (mmiyr) 3 # ik 5
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R 6.8 72 3.6 27.5
EN- R I o 6.2+0.6 38.7+33.3 1.2+2.4 154
TN 5.6 5.4 0.0 3.7
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Fig. 6-2.1 Geological map of the Yuli fault (Lin et al., 2009).
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Fig. 6-2.2 This project’s fault geometry setting of the Yuli fault and the Chihshang
fault.
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Fig. 6-2.3 Logic tree structure of the Yuli fault.
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Fig. 6-3.1 The recurrence relationships based on characteristic earthquake
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Figure 7-1.1 Segmentation, rupture cases and weights of the Yuli - Chihshang fault
system(Hu et al., 2016).
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Fig. 7-1.2 The previous project’s fault geometry model of the Yuli - Chihshang fault
system (Hu et al., 2016).
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Fig. 7-1.3 Logic tree of the Yuli - Chihshang fault system (Hu et al., 2016).
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Fig. 7-1.4: (a) Seismicity in the Chishan fault areas. Opened circles are the
earthquakes during 1998-2001, and the black solided circles are the 1995
M5.4 earthquake sequence. (b) Background seismicity and distribution of
focal depth from 1998 to 2001. (c) The earthquake profile of the M5.4
earthquake sequence in 1995. The cross in the figure represents the
positioning error (after Lee et al., 2003).
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Fig. 7-1.5: (a) Aftershock distribution of the 2003 Chengkung earthquake and their
focal mechanism solutions. (b) A-B profile aftershock distribution (Cheng
et al., 2009).
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Figure 7-1.6: (a) Taiwan seismotectonics and the distribution of seismic stations.

The solid black lines are the distribution of velocity profiles. (b) S03

velocity structure profile across the southern section of the longitudinal

valley fault (Kuochen et al., 2012).
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Fig. 7-2.2 Map of PS mean LOS velocities(in mm/yr) on the southern part of

Longitudinal Valley between January 2007 and February 2010 derived
from PALSAR dataset (Champenois et al., 2012).
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Fig. 7-2.3 Cases and weights of the geometric model for the Chihshang fault.
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Fig. 7-2.5 The UCERF3 creep model, which specifies moment rate reduction as a
function of the creep-rate—to—slip-rate ratio (Field et al, 2014).
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Tab. 7-2.1 Net slip rate calculation for the Chihshang fault.
fet@ & | , 4
& Vi
(mml/yr) Rle(0s) ) (mm/yr)
25 50 37.7
25 60 33.3
25 70 30.7
30 60 50 45.2
30 60 40.0
30 70 36.9

73



37224 F ik L BT RN
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Fig. 7-2.6 Renewed logic tree of the Chihshang fault.
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Fig. 7-3.2 The relationships between magnitude and weighting for three rupture
cases of the Chihshang fault.
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Tab. 7-4.1 Earthquake probabilities for the Yuli-Chihshang fault in the previous
project (Hu et al., 2016)
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Figure 8-1.1 Rupture cases and weights of the Luyeh fault (Hu et al., 2016).
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Figure 8-1.2 Geometric model of the Luyeh fault and Lichi fault (Hu et al., 2016).
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Fig. 8-1.3 Logic tree structure of the Luyeh-Lichi fault system (Hu et al., 2016).
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(a) middle Pleistocene: Sedimentation of Pinanshan Conglomerate

Pinanshan
Conglomerate

(b) late Pleistocene: Folding of Pinanshan Conglomerate
; by thrusting of the Coastal Range
Centra

_ Range Pinanshan Coastal
- Conglomerate Range

(c) Present

Ceniral

B 8-14: 4 s Lt~ ® (Leeetal, 1998) -
Figure 8-1.4 Tectonic evolution of the Pinanshan Conglomerate (Lee et al., 1998).

(b)OOP-LYH-02 i#] 4

West
=
HUEVATION =3
@
"*E ﬁ’ - "
2 [ I BB fi A = 1
S
& & 5 i o
00P-LYH-02:# 4 i |
00P-LYH-01 14k \ AR i
00E-LYH-LTO1 38 /S : i
) QAR
. -
3
(c)OOP-LYH-01 pls2
West
=
. ;
g ;
255,000 200000

o 200 m Footwall Hanging wall

B 8-15: (QAIFUTREF 1 FH > BRRIRE o d F8A (D)AFR A BRI
(C)Few X A& BRld ®2e (Fx/EM-THE - 2001) -

Figure 8-1.5 Shallow seismic reflection profiles at Yongan and Longtian
respectively (Shih and Chen, 2001).

83



23.9mm/yr

Q I4mm/yr
lomm/yr

9 8mm/yr

|
1
1
=3 3mm/yr : :
P i
! 1 1
= - \.53 : 0(km)
/ 1
: e
L
/ \ 5
I ’
60 /1
30
7 \ e
. . ; =
i ity ;f ]
CEEL T T - 15

B 8-1.6: RIF¥TE ~ fIF oA+ T #3 (kiEgF > 2007) o

Figure 8-1.6 Structural model of the Luyeh fault and Lichi fault (Chi, 2007).

w E
Profile A

BihR | AR | KEEBEE AihERES
5 HE (mm) (mm) (&)

FISHE 155 5 o
EEEFEIE 10~11 13 35~40

B 8L7: 7 w2 THEe oLef: JIF K S Pnt da Lgd Sl P &g
£k (£ 3w 2007) -

Figure 8-1.7 Structural section of the study area (% 3 & > 2007).
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Figure 8-1.8 Shallow seismic reflection profile 07P-LYHF-LT-1 (Wang et al., 2010).
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Figure 8-1.9 (a) Relocation and focal mechanism solutions of the 2006 Taitung
earthquake squence. (b) Earthquake profile. Thick red line on the left is

the central mountain fault, the upper red dotted line is the Luyeh fault
location, and the right light blue polygon is the Lichi fault (Wu et al., 2006).
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Figure 8-1.10 Taiwan seismotectonics and the distribution of seismic stations. The
solid black lines show the distribution of velocity structure profiles. The
picture on the right is the SO1 velocity structure section of the
southernmost section of the longitudinal valley fault (modified from
Kuochen et al., 2012).
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Figure 8-1.11 3D geometry of the Luyeh - Lichi fault system.
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Fig. 8-2.1 Geological map of the Luyeh fault and the Lichi fault (Lin et al., 2009).
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Tab. 8-2.1 Data collection of the long-term uplift rate of the Luyeh fault.
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Terrace 7 | C14 | 116 18,870 6.1
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Tab. 8-2.2 Net slip rate calculation of the Luyeh fault.
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—— 35 7.8
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Tab. 8-2.3 Estimated magnitude for rupture cases of the Luyeh fault.
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Fig. 8-2.2 Renewed logic tree structure of the Luyeh fault and Lichi fault.
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Tab. 8-4.1 Earthquake probabilities for the Luyeh fault
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Figure 9-1.1 Rupture cases and weights of the Lichi fault (Hu et al., 2016).
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Figure 9-1.2 Geometric model of the Luyeh fault and Lichi fault (Hu et al., 2016).
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Fig. 9-1.3 Logic tree structure of the Luyeh-Lichi fault system (Hu et al., 2016).
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Fig. 9-2.1 Geological map of the Luyeh fault and the Lichi fault (Lin et al., 2009).

%921 fIFHTE LY E FTHEAK
Tab. 9-2.1 Data collection of the long-term uplift rate of the Lichi fault.

& ] g4 T

2 e [l o _ &R (E
232 =3 A # | (m) =) (mml/yr)
sy FT5, =#g- A Cl4 | 25 | 1360160 | 18.4+0.8
AT X P
k1 H 0 2007 FT5, = #& Bl C14 | 20 |1530~1690| 12.4+0.6

1% |FT5, = #2 D Cl4 | 20 | 992463 | 20.2+1.3

g4
Shyu et al., 2008 ] , 1 Terrace 2 Cl4 | 18 |940~1260 |14.3~19.1
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Tab. 9-2.2 Net slip rate calculation of the Lichi fault.

o i F - . EEA R
(mm/yr) FEOR) | FB (R (rim/yr)
55 50 19.8
12.4 55 60 17.5
55 70 16.1
55 50 32.2
20.2 55 60 28.5
55 70 26.2

% 9-23 JIE U 2B AT E A AR
Tab. 9-2.3 Estimated magnitude for rupture cases of the Lichi fault.

Wells and Coopersmith, 1994 | Yen and Ma,
- 2l o AF-HLACRE R 3N 2011
sk KR RA FE WA | A (ﬂﬂmﬁmﬁ?&gl i (RLH & A -4
A | Gm)| (km) | (R) | (km) | (km2) M)
-0 v B +0 o
(Mw)
s i & 0-22 km, 55E
fIE | 25 2R 22km 1, 40E 35.4 | 885 6.7 7.0 7.3 6.9
iz I ES FEEE RHE®
o = B E S () RIR(Mw)  EE(mm/yr)  #EHER
) W & C, 1994 ‘
05 | ) 2503 L0 P;’;%F’”
LT 1 [ (L.0)[  FE0-5km, 35F | 7.2(0.1) R T
gg B ‘—‘A 17 km’}—‘ Tgﬂ%ﬁﬁ@, me@ 144 |
£l . 68(0.5) |
=
[ |
Ef WaC1994 81
— 67(01) | — -
E (0.5) , X 7.0%0.3; DT Poisson
| A= g o5 L0 FEE0-22 km, SSE 7301 N\ T L
o e { m | EE22kmlL T, 40F T T S0TL fO.@ 161

30 J<

6.9(0.5) |

Bl 9-2.2: ATETE & & 1k { 37 84EH -
Fig. 9-2.2 Renewed logic tree structure of the Luyeh fault and Lichi fault.
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Fig. 9-3.1 Recurrence relationships based on characteristic earthquake distribution
for one rupture case of the Lichi fault.
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Fig. 9-3.3 The relationships between recurrence interval and weighting for the Lichi
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w2t BPT #5:8 fo B 5974 A %k 3050 2 100 # g 4 55 » RTF-f|E %k k5
Bis— X FAPERF L AT A EEY Poisson {7 G o

MR BT k2 4 TR RTETE 2 I ETR > T IF D] L R TR B
AT 4 941 FAIFERER 2 %% > 12 Poisson fV i@ R A k 30 # - 50 £ %
100 & 4 RERBHO65 0 2 855 11.19% ~16.8% % 27.1% -

# 9-4.2 5 R T-J|F 8k kTR 2 %% > 12 Poisson #5538 # 3l A k 30 £ ~ 50
#2 100 &3 4 ¥ ZAERF6.5 02 5 5 22290~ 33.6% % 54.19% -

F 9-4.1: JIF TR FAF A BT
Tab. 9-4.1 Earthquake probabilities for the Lichi fault

Pk BAE 30 & # % 50 & ¥ & 100 & 4% =%
M (Mw) Poisson Poisson Poisson
M =6.5 11.1% 16.8% 27.1%

30942 R -JIF 8R4 B ITEE

Tab. 9-4.2 Earthquake probabilities for the Luyeh - Lichi fault system

Pk BAE 30 & # % 50 £ ¥ & 100 & 4 =%
M (Mw) Poisson Poisson Poisson
66 = M =74 22.2% 33.6% 54.1%
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Tab. 11.2 The 30-, 50-, and 100-year conditional probability for M = 6.5 earthquakes

of each fault in Eastern Taiwan
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% 11.4: ~#& gip ¥ £ R 4 B (Gantt Chart)
Tab. 11.4 The Gantt Chart for this year project
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