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Abstract

The objective of this project is to develop new methods for analyzing data from both
earthquake swarms and individual earthquakes in Taiwan, aiming to accurately determine
their locations and analyze their source parameters. Another task of the project involves
creating innovative methods to analyze continuous data collected by the TSMIP network
to optimize seismic network performance and enhance the added value of continuous
seismic data. We completed two case studies: First, tracking the chemical explosion event
in Pingtung. Using seismic array methods, this case analyzed and confirmed the
explosion's location, time, and magnitude, providing critical evidence to validate
subsequent events. The study demonstrated the applicability of Taiwan’s seismic
monitoring network for investigating the Pingtung explosion incident. To achieve the goal
of rapid reporting and response to major explosion events in Taiwan, the study
recommends simple upgrades to the seismic network by installing a small number of
infrasound monitoring stations and optimizing data processing procedures. These
measures could enable Taiwan's seismic network to provide timely and accurate
information for future significant explosion events, supporting disaster response and
addressing the public's current unmet needs for monitoring, scientific data collection, and
rapid response. Second, analyzing the offshore Keelung earthquake. This study explored
the potential relationship between seismic and volcanic activities. By utilizing the dense
broadband and TSMIP strong-motion continuous observation data in northern Taiwan,
the study conducted earthquake relocation, focal mechanism analysis, and stress
mechanism examinations, along with geothermal anomaly assessments. The selected case
involved a moderate earthquake occurring near an offshore submarine volcano close to
Keelung. The results indicated that the earthquake was shallow, with a strike-slip fault
mechanism, confirming the Central Weather Bureau Seismic Network’s accuracy in
locating offshore near-coast earthquakes. The epicenter was located near a prominent
submarine volcano off the coast of Keelung, surrounded by en-echelon geothermal
fumaroles aligned with the northeast-southwest fault structure responsible for the
earthquake. This research concludes that the offshore Keelung earthquake mechanism is
correlated with the characteristics of submarine volcanic activity. To address potential
disaster risks associated with submarine volcanic eruptions and the resulting earthquakes
and tsunamis, the study recommends that the Central Weather Bureau appropriately plan
and strengthen monitoring and earthquake swarm research and analysis.

Key words: Array analysis, Industrial safety incident, Explosive yield, Submarine
volcano, Seismic activity, Focal mechanism
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A Stke 50 Dip 53 Rake 210 Uaeerminty Stoike: 4 12 Dip £ 14 Rade 35
B Strske S01 Dip 68 Rake: 310
Quality Index: 33 Muti 6%

(@) (b)

B- @ FLEFRe O)FF LB RARE S IL (270 - ) #rl B 2 2022
EARBRITHF RORRBF (T LB BN E VR 0§ IR E
RiGH MY PT2 BAURARSE  Wik2 Fph) « 24 FMBREAT

Bk P kA b2 b BiRY o 6 4 l}ﬂ%l?«"‘%i%r‘ﬁ'fﬁvfﬁrio(b).zﬁ* CWASN
AL H R AU 42 A (Kanetal., 2015) ¢ i i Wuetal. (2008)i% & i+ & &
BE (TERRP O RIPEIWERE > A RELREE)
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Bl - ~mhaEs FTRiFEsrh g2 ABehaa R ULz T E 5 4548
B B it i (MAFRA TS RMRFREE > ¢ § B
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113 & R+ REF2Z A1

A E
LA IR B M BB 2 W R A

FRG LPY E

EV PETETY

&

FATAES S EL %F*kfr:t&fiﬁ?ﬁ%};*kmf}’,\r.% BORARR L F L A
# prd o A GNSS i A 2 %1 A7 20 (23.6°N) 14 g AP M| i &%w
Uk chiped ~ d 3 30mm/yr i 5 10mm/yr > BER A & PREERA)E CHE

wr}é]fgﬂ;r.,v%f_ A RBBESRBAPE 02022 &£ 9 1 s P E REE S #*Mw
6.5 RE My 7.0 P31 & # RF 2 e d Beand & LIRETE > w Rl R
# % 5 150-200 mm i J&?ﬂ’ "+fb L F"’":‘ Bele & =4 % 5 500-900 mm >
AN S D Sy %’*‘s‘xlf*““ﬁﬁ AR AE A TER
> ;% 47 f# GNSS B*F’“I%»}'J’Wi’ U SANE ' S I A 5 AP S I frﬁﬂ%%ﬁ%"lﬁ%%
VSRR R AR S Sl 8§ ﬁiﬁ# BEDZEEL T EH T REFE
ST 8 L5 ERY 0 8 R (T I B A Fodp b 5
TORESG RRE T IR R AR o R F R A 22010 2
2016 % {8 GNSS R EF 2 ¥ 2 %1 > LR }t‘wrﬁ?& a1 EL L
BORBVIR G F & AR ER Jﬁ’aFJ\ RS PR SO
ﬁ%%%%ﬁ%ﬂ%meiﬁi B 4 45 307 et B

MéEZ GNSS# 1P R - F RRRBF L3 0AH P2 AL

Abstract

The Longitudinal Valley in eastern Taiwan, which runs along the western margin of
the Coastal Range, is considered to be the plate suture zone between the Eurasian and
Philippine Sea plates. The GNSS velocities with respect to Penghu station (SO1R) along
the east coast of Taiwan decrease northward from Taitung to Hualien, with a notable
decline observed north of Fengbin. Correspondingly, the shortening rate across the
Longitudinal Valley fault exhibits a similar spatial trend, implying that a significant
portion of the accumulated strain north of Fengbin is likely accommodated by offshore
structures. This inference is supported by the elevated seismic activity offshore Hualien.
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The 2022 Chihshang earthquake sequence, which occurred in the middle to southern
sections of the Longitudinal Valley, is not related to the LVF but rather took place along
the west-dipping Central Range fault. GNSS observations reveal significant coseismic
deformation of 150-200 mm from Chihsang to Taitung during foreshock. The coseismic
displacements of mainshock ranging from 500 mm to 900 mm, predominantly occurred
between Ruisui and Guanshan. To mitigate common-mode errors and isolate known
postseismic deformation from GNSS time series data, we have applied different
approaches, including linear regression, principal analysis, independent component
analysis. This study also found an increase of groundwater level in summer (wet months)
results in shear wave velocity drop and an increase of extensional strain. The time series
of groundwater levels are negatively correlated with shear wave velocity changes and
annual crustal strain. Abnormal GNSS strain measurements were observed around 2010
and 2016, accompanied by higher seismic activity. Since seasonal hydrological cycle
affects surface strain and seismic wave velocity, analyzing multiple data sets over a long
time period is critical to reveal the role of hydrological changes on various geophysical
parameters. Additionally, a comprehensive analysis of different geophysical observations
is necessary to eliminate the interference of surface environmental changes on the data
and help to identify potential precursory signals prior to earthquakes.

3 FLR

LHENEET A AR ERER  FARLEARS £9 5 85 3] 90
mm/yr (Hsuetal.,2016 ; Yuetal.,1997) » H ¥ T 55+ & % *H /5 47 é.ljf‘/"?l’if["]
T p2 - E (Bl- ) > ARV RS R 2R RER & &
93 1P| 25 RH6 b B AL E 4 (Shinetal,2013) 2022 £ 4 & =% f
T T AR RF A A Fn T 2 R L PR R 02024 24 3 p R
AT TSR B AR e B AT L A A AN R B g R

ERG e M TiEs 240 2E915022 » 592~7 22 g a
%iﬁw@’iﬂﬁﬁ¢vo»@u£mé%w@ab ¢ L LR ET R g s
gtk & 5t (Biq. 1965 ; Shyuetal., 2020) o 2L i B F e 2 B2 A 475 % 8

T AN E plend 2 llv’i"('z‘ié’?%i -0 "E"‘;ﬁ%i?ﬁ‘—'ﬁ’?%ﬁ Fﬁ}i‘}ﬁ"‘a‘ﬁ%ﬁ x5 73
mm/yr (Shyuetal., 2016) ; @ & ®% K (EAL s 6 87 5 — o @ i el = 4% iy
B RE G150 2L 0 SR L S0mmiyre 2 L% (2010) T
B EPIME e R E TR E AT AL Sk s B 7\*’5‘&’-’- HEETE DA S

B BRL A s kS ATER CERER L A S 6K (W
&R R #ﬁ%%ﬁiym{@&ﬁ%@ HARETR ~ L ETR
sk BRI 6 TR o ﬁ%@éﬁﬂA% BARETE

ik /ﬁ“ﬁv o 8 b ETR B S Rk A e VU R
k > (Leeetal., 2005; Yu et al. 1999 ) o %i 5 %7k B2 5
%ﬁﬁ’éﬂi%%ﬁszﬁﬂzko%w74’mnﬁ raﬁgjg@

EARETE kAL BTG 4p 3 @ (Tangetal, 2023) o F]pt %
TR R R 7 ’L:*/w\%‘riﬁfi“’i GNSS Bk & R B 71 ~
- RARRBHIFAIERFS L B R BT AR EE Y R R

‘)}'*' lliil%z
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==y
4y
e
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= 3
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FoomLTRE S
(- ) GNSS F#l2 2+ 3

fof £ A K30 GNSS @ Rt Tl > T J ERARIE L T4

(NASA) v #4a:2% % % (Jet Propulsion Laboratory, JPL ) B % <17 GipsyX 3 #*
B b TR LR SRS E (7o R Rl s A iRt B (Bertigeretal., 2020 ) © GipsyX £_ GIPSY-
OASIS IR en{ #79%% » & 2 A4k p 2k EsxfEs k% (GNSS) 4 GPS -~
GLONASS ~ Galileo # #icdgpm K 3h o gp it 3 & § Biplbenfp T =272 > 4o
GAMIT/GLOBK # BERNESE: GipsyX # % ¥ — s @ 7 it (7 8 # & % e 22 &
FREGELS G 2 F BRI ERERI B2 XTI H B RIRFTHREFT D
B o b GipsyX e i fefEk g 2479 #* 7 JPL 9 Gerald Bierman
wtﬂim* [ B S E R =F - MAPERY "Plﬂ Aigom P EARETE HEeRa 0 &
# GipsyX chE MR T3 253 5 BA L AT iFEEL P LR S
FUBZERFLRFTG B 57 UPRBE TF] GipsyX 51 » 7 Ambizap 1
Eo Al L o 2T RS EL 2 {vE kB PPP @k o /ﬂ“,f
- EERFELR KD A FF IR TR AN QAR R T R
lale S

AR EEEE AIGSI4 SR T RFEFORFEF AR TR AT
FYRFRYF BEHGER -2 P &L ﬁ%ﬂ PREIHRIZAFTARIL B
FEAAFBFE REH o LHEEREST AT N

y(t)) =a+Dbt, +ccos(2zt,) +dsin(2xt;) + ecos(4xt) + f sin(4xt,)

’[ Tk]

+Zg] H(t, Tgl)+Zh H(t - T, )t +Zk (l-e TOHEG-Ty) -+,

Glca N A ARl > GEh N AMMREL VAR IF R BERE T B
e doe fREAZZFGHZ L aFHP R Glg P2 {HREZ » B i
B Ech S RIEF REFFFIIHE S R AKERSE I ERFLR
% o B¢ H(t)i FE 138 (Heaviside step function ) » T 5 243 BFRY > f i B 18 %9
iiﬁﬁ”{’?‘iﬁ“?‘ Fhor v rid Bis ABERFRE2 iﬁ%%;‘: (B Reaw g% 5']*’:“

o) gd BT RERFY L S REX G EREGSIERE m B RplE £
ERA VO AR GRIRARLPLF LT B 55 % F L (DCHU)
2= =S| ”@%f}d’}h_}, ﬁ;‘igg\'g\ﬂ“é’—-mﬂ?’ﬁ;‘l“fy Lo "‘ 339mm ~ 3 A%
655 mm > 3 2+ ’ﬁ 283 mm 2. T KaE 0 @ AR SR /$EL7» poAE a‘\ﬁrév’ﬁ 1
mm-%AwF [4mm- BAE5 14mm T fHe
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Lo N AETPRNBI R ARG SN BT

Time IE(:II) Lat.(°) Depth ML Location
2009/12/19 121.66 23.79 43.8 6.9 Offshore Hualien
2012/06/15 121.54 23.71 6.5 53 Hualien
2013/03/27 121.05 23.90 19.4 6.2 Nantou
2013/06/02 120.97 23.86 14.5 6.5 Nantou
2013/10/31 121.35 23.57 15.0 6.4 Hualien
2018/02/06 121.73 24.10 6.3 6.2 Offshore Hualien
2019/04/18 121.56 24.05 20.3 6.3 Hualien
2021/04/18 121.48 23.86 14.4 6.2 Hualien
2021/07/08 121.57 23.89 8.2 5.5 Hualien
2022/03/23 121.61 23.40 25.7 6.7 Offshore Hualien
2022/06/20 121.45 23.69 7.0 6.0 Hualien
2022/09/18 121.20 23.14 7.8 6.8 Taitung
2024/04/03 121.58 23.86 22.5 7.2 Hualien
2024/04/22 121.54 23.85 5.5 6.3 Hualien
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M- - A% :L(DCHU)E & A 5| B > Bl 2855 p 2> o535 RE > %8
52022 4 B RS R

(=) ¥ RZ RiEPFIfE

AR 7 ER 1994-2020 § % F = B P £(GDMS)> 14~ ¥ 52 (Wiemer and
WﬁaM%)Fﬁ o ﬁﬁmaﬁ(Mﬂiﬁﬁm%w,2m2ﬁ£ﬂ§@%ﬁ
AP RPIEEASLAPRF T F F) 100 BRI FR Y 24 A fisedsde [ 0 Fle R
SURHC2 1T e B #2012 1215 Mo P AE T %% (Hsuetal.,, 2021) ¢ A% § F4E
#E %ﬂmhﬁmﬁg%ﬁﬂwﬂgﬁ%ﬁ%*25ﬁ%%%&ﬁﬁj@%&ﬁ

e 2 AR (Nearest NelghborApproach NNA ) (Zaliapinetal., 2016 ; Zaliapin
etal,2013) ﬂzwr,a BHALERHE BiE RASI - NNAfof & F Lo B4 £
B E4pt o '3‘3’@¢ PRFED P LR A G LRGE Y T B R
2 EE 2 (ﬁ‘ﬁ:? 12020) 0 F ek o IS R P AT R IR F Y AR T
e B F 4+ 2% (Broadband Array in Taiwan for Seismology, BATS ) & ® ¢p #
it BATS # R 4 % £ ( AuwtoBATS MT ) £ & f 41 j# & 4 %
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(https://tecdc.earth.sinica.edu.tw/FM/AutoBATS/ )» JE B~ £ %4 T T pF ¥ % e E R

BT B FAHF LR (Archived) o f %% ¥ R AR % TR E T
P (Real-time) & » 77 3 @ E P13 2 TR 1996-2023 ¢hit 3 > Bk Hize 17
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T2 140 22 0T e BenfEdrac 4 B F RS (SFF RREEY R
2019 &% e F)e Ay FEd A RRRPH] P phens o k0 fRE AL
BB ESLEHEE -
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R EH TR g o 3 8 A AT EEREFH R TR E T - BATD
Btk seo 3Rk kR Solied TR L i e £ B2 Bl Bk
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BEF LT im'&p‘}”& SREfST R AR 0 fRTR Y BikE ot £ 2 B eh
NI o #*f“xra’ﬁ A7 PCA %3 ch™ o @ FAER AT & Bl
TE & R AE D ) 2 ﬂbﬁ*’f§ PR R EH B L L DS B
FiEzids @i ¥rg- ﬁ';’: q\..}‘?ﬁ"‘ﬁ’gﬂﬁQS%u_}— mF\'} oo

Bz = & & 4772 (Independent Component Analysis, [CA ) ®#_jE_% B st 4p 3
) el R IES ) IR AL A2 S T o ipfE ERTIL I OR T 5] ﬁqa SRA B
ARE AT T ERIRG SRR SERERT A R B . ICA B F
Fehat b o 3 B A A8 A5 R TR RS £ kB A 2 5 ICA i
Wk PALF AT R F S T oA o

PCA thp R EFPB TR 22 L8 2 h2 v ¥ BEBIPITE S w1y
FEAR T FENF AT hA R FEE > B A R EIROE L ICA R
LFEFREF L S ABIA Gl SRR BB R T S RP L b 2 e
MMl o EXPETAART B o AP B 20224 F B L R
gmGNSS E%F”);;vja\ﬁ FRISBLIPAEFZ 2B gt > TFHS
Frig st 3 = 2 Ap BE s o

() ¥ 2R

B4 BB GNSS RlsET 3k B R endiclp e TR BB F I e a4
Buld Uk A RIEB A HTRUEL o A5 3 PARIT GNSS b ke A § i)
BB TR E BRIEN RT3 G B RPIEEIEL CPEAT K2 E
B g AR S 2 2 P i % (Hsuetal., 2009)  FE3E 2 35 5 R %P BATR chF]F o
LRI BT R R R SEALchdp B o RS B SRR AT ?‘f%é}ﬂ » F 2Rl
ﬁﬁﬁ?%ﬁ#ﬁﬂt%;ﬁ“ﬁﬁtﬁyiﬁl* IELES iir”!F’“ﬁE}i 8 )@%"Lrﬁ e A
Boo FU0 e W iRt 5 BRI Y o BER = BT GNSS RlEb2 pEAE 0 £ 4
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(- ) GNSS & & 3

AT 38 2008-2023 & B Ap ¥ 3t iE 0 ) SOIR #b ek T i@ )iii%‘( B- )
52 edig B Y E 8lmmiyr e IR L A ARER 2 68 mm/yr 0 ¥ F e ]
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7%’% % A VYR ER s R R Z R R n’ft%'éﬁff FIFr SR E AP
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e L2 f (BT b)o Bta 2 > RSPk @ﬁv v RfeR REHARE O 2R
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SR T SOmm o R 20 22 U B e A BE T Ak b 4w
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puAn B e ok REFS pca E-PCA

TROOTS R FR W mm) # NS e W (MM) NS
CHEN 1213736 230074 -166 245 205  -131 195
CHGO 1213745 230983 -148 228  -140  -116 183
CHIU 1208289 239454 8.2 76 -14 63  -6.0
CHUN 1213931 234529 -6.4 217 50 51 175
CMRS 1214455 234969 107 29 122 84 21
DAHU 120.8718 24.4229 4.5 71 11 36 56
DCHU 121.2806 232132 0.6 185  -141 04 108
DOSH  120.8269 24.2627 5.6 49 05 44 38
DPIN  120.9328 24.0431 6.9 107 30 56 -84
ERPN 1211661 229422 -221  -94  -150  -17.7  -73
FKD2  120.8620 236884 116  -99  -29 86 7.3
FLNM 1214534 237463 124 7.9 70 97 63
FUDN  121.3293 23.2507 -6.7 194 235 52 154
FUQE 1208233 240112 7.2 73 11 57 5.7
GUK2 1210069 242030 3.6 47 53 29 37
HNSN  121.3081 24.3377 6.4 43 06 50  -33
HUAN 1212726 24.1435 2.4 39 28 19 31
HUYS 1210204 240923 1.9 81 14 15  -66
HYRS 1213454 234946 289 69 0.9 227 57
JPEI  121.3714 235316 252 97  -7.8 198 76
JPIN  121.3589 233411 -143 135 332  -112 108
JULI 1213182 233417 -27.5 572 793 216 454
JYAN  121.2263 242425 58 63 93 46 49
KFN2 1211168 239877 5.1 82 154 41 66
LONT 233417 229063 -13 330 39 12 262
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WARO 121.4409 23.8120 8.2 -10.7 1.2 6.4 -8.5

YENL  121.6018 23.9035 11.2 -5.5 -4.5 8.8 -4.3
YUL1  121.3002 23.3214 -27.1 -53.4 60.6 X X
ZCRS  121.2726 23.2782 3.9 -27.5 13.6 3.1 -21.8
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Abstract

This project organizes the microfilm waveform records collected by Tawu Station.
There are 19 volumes of microfilm No.087 to No.104-1, totaling 10,535 microfilms and
20,959 seismograms. Based on the compiled seismogram data, a seismogram catalog of
the Wiechert seismograph of Tawu Station was established. From 1954 to 1983, a total
of 20,864 seismograms were recorded. A waveform catalog of the CMO 2-time strong
motion seismograph was established. From 1955 to 1983, a total of 95 seismograms
were recorded. Creation data includes instrument type, recording time, etc. Scan the
more significant or meaningful seismograms and store them into digital image files.
Completed the relocation of historical earthquakes from 1900 to 1972. During the
implementation of the project, the Taiwan earthquake survey book was found in B205,
basement of the CWA. The registration data was from June 1925 to 1976 (1975 was
missing). In the future, we will continue to process and reposition the Taiwan
earthquake survey book.
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BAT s s S R R LAT T L BRI TR R T
HAcR e R D &ER Nt gk gl L THR LA - BT
PRRINA O CEFHERAL - LFDRELEE c FRENRERFD L
ORI R A2 R il Pl 4

rm\.E*/\\
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A4S E RA BRI AB - T

Blek | 1945 & | 1946 & 14 ¢ o2 R TR BR O|FRR
RE | E | LA “AE |(N) (E) m |

TAP | Taihoku | TAIPEI 44  [2504 [12152 |55 1897/12
TAl | Tainan | TAINAN 4% 2300 [12020 |13.8 |1900/01
PNG | Hoko PENGHU i | 23567 |119.555 |10.7 | 1900/02
TCU | Taityu TAICHUNG | 4 ¢ 24.148 |120.676 |84.0 [1902/01
TTN | Taito TAITUNG 44 [22754 |121.147 |89 1903/12
HEN | Kosyun |HENGCHUN |}=% |22.006 |120.738 |22.1 |1907/10
HWA | Karenko | HWALIEN i 23977 |121.605 |16.1 |1914/01
KAU | Takao KAOHSIUNG | & ¢ |22.567 |120.308 |23 1931/06
ALS |Arisan | ALISHAN fo 2 0 [ 23510 |120.805 |2413.4 | 1933/07
ILA | Giran ILAN T | 24766 |121.748 |7.2 1936/06
HSN | Sintiku | HSINCHU 37+ [ 24.802 [120.970 [34.0 [1938/08
PCY | Hokasyo |PENGIJIA ¥, itue | 25633 |122.067 [99.0 |1937/01
HSI | Sinko HSINKONG | #7# |23.099 |121.365 |33.5 |[1941/02
TAW | Daibu TAWU < #& 22358 |120.895 | 8.1 | 1942/11
YUS [ 2% . | YUSSHAN | 24, [23.483 [120.950 |3844.8|1944/01
ANP ANPU ¥R [ 25187 |121.520 | 825.7 | 1963/03
CHY CHIAYI £.% 23498 |120.475 [26.9 |1968/09
LAN | Kotosyo | LANYU #az | 220333 [121.5500 | 21.5 | 1961/05
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P &**i ¥ - £ 8§ 44 1900-1972 & F 3 gigi7 &€ 2> > 1957-1972 &
AR E RFHE LA RRAITHR L )ﬁ!{%}a —an/,;Jet”“ﬁsrm
FHOLF U EEAERFEFERFLF RA Y REDRADERFRE T
EodWEHE LRl ART A - R FEEFEY 4:E PR S R aF
PR i Bgd S Apy S anEL o 234 £ Chengetal.(1996) ~ 3%+ fpfrk
3% ¥ (2016) & - % * . BL4EF % (Grid search method) k2 {7 1941 £ ¥ X & R 2 H 4
BAEITE o TERAE T S RNER S SR (Lon) ~ FA(Lat) e iER
(Dep) %4 w17 8% - ERABE LT A G ELRTLHENT A G HFR

Latiow < Lat. < Lathign
LoNiow < Lon. < Lonnigh @
Depshall < Dep. < Depdep

A ERAEY KT (BREFR)DE LEER 25 0025 0 £ ((FR)

2 lag o plaE e ”*’73 68,921 B H ~iE{TpE - F* P L F ‘%L%M‘ - P B

Al (M4, 1985) 5 & - BH ~ 3 2R R0 S-P R (deal) > 1 &7 pLipl2 S-P pF

¥ (dobs)ig {7+ ¥ o o 3-8 & grip| 2. S-P pF P A £ 135 $3(root-mean-square error,

RMS) i 5 & iz i £ ik Bo(misfit function) » * fd RMS ehile] it 48 R85 & h R
DA

liz‘d“'l" i — Ao j)? (2)

RMS, = | S

s

4347 deal(i,j)er dobs(ij) & w4+ % | BE AT E | BRE Y 2R
SPEER; RMSI % iH ~2 S-PpRnLia> %‘Ji N £ 71 97 * P &
B 255K 1047 1908 £ 17 11 pR - Fr gRBFTHEL TR
B,

PRSP UG R LRI AR Bk A SEEFF RG a—u

X3t 300 2 2) s FEER R(FRLAA 200 22 )3 300 2 2) -

BEH AR LA 100 22 5 ] 200 22) B R(Y @A@J

100 2 B)EERE BE o Hsu(1971)4 %4 45 450 1 RBLR) xSt
e BB G B S

Mu = log(A) + 1.09 log(A) + 0.5 (3)

sve A sBokTE iRty Him il 0 A RAIER - HZZ 22 0:}&9
R P RRBER S 2 RREF o sl 5 RN RARE(My) -

R E’ ECRAR N A W mx%,a*&ﬁ_(local magnitude, ML ; *~ #i£ 5 < b ,a%
B - KM 24 Mo— My 0% 50 (392 45 %, 2010, 2011)42 & i B4

M= 0.988 My — 0.129 (4)
TR RIGRRI F BRI E BRI § R L AR T RN G
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M. = 2.113 log(A) + 0.997 (h<35 km) (5)

ML= 1.698 log(A) + 1.658 (h>35km) (6)
2H A R h S RRRAE DAL VRRRR |0 H E0E 35
28 B4R (B)F 0 BIRUEA < 35 22 e BRI (6)

ML = 2.113 log(A) + 0.997 (h<35 km) (5)
ML= 1.698 log(A) + 1.658 (h>35km) (6)
2P AL RAER D :é%:‘}%ri%)i’ﬁf*‘"“ 2o TRIRIER ] A K 35

N BE(B) 0 BRER A 35 2T chp BRI (6)" °

TEKRFIFRETARTE Y RIIETA A Y KK oy
URGE o8 H25 0 3% B AER i (moment magnitude, MW) i i i&— # 3-8 4 47
SR e AR TR e R AR R SRR SRR
ﬁ*xﬁ%ﬁm@# TE (e e %, 2010, 2011) > 2= B 1 RARARBIRG f i
SN b S ab =

M_=0.961Mw +0.338 £ 0.256 (ML<6.0) 7
M_=5.115 In(Mw) — 3.131 £ 0.379  (M>5.5) (8)

o (A2 B)F & M=55-6.0 fuf - e % > § M>6.0 ot 27 (8)
R E M55 PR (7).

#5-1908 & 1% 11 p % 7 B REPF #2(#2 45 Omori, 1908)

oo | BFRFRE | APKGER | RREE | RA =
AK | 11:3600.0 53 R (3)
£ [11:35140 [188 7.2 5 2 (5%)
4 v 11:32 57.0 21.8 3 R(3)
.4 [ 11:3614.0 | 18.9/ - 5 & (5)
+ 4 | 11:3646.0 |13.9 20.8 5 7 (5)
#w§ [11:3608.0 |23.2 33 B.(33)
% [11:3830.0 |25.9 53 R.(5)
f=iLi# | 11:36 00.0 5% R (3 ¥ RR)
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DEP.-4

o 1 -— T
23.850N 12T 475E, | HOKM, RMS:0.425EC 29 2 LON.-121.4%5 242
! : —t T TS T 0.0
N D i, L R L M e )
| |
\ ]
I
: J
1 ,-" - \ -
L [
Iy L L : ! 0.0
)} (c)
98 5. WA \ .
b ' 121.0 LAT.:23.650 122.0
D, . T~ T ~ 7 0.0
425 S I O T ) M s ™o SRS R ST RN e R R
|
1!
"
: ¥ \
23.2 ' N ! L ! 10.0
121.0 (a) 122.0 (b)

B 10-1908 # 1 " 11 pHFHF» B EE@pl2. S-P FRALGHEIREEL
B @IREAE L 4 22 AT e A% ;5 ().23.650°N 2 k& e A F
(€).121.475°E 2. % # 2|t A # o

2 BEEH
31 Y ¥ RAAE &

hERTFESFENFIL R GO T R B L T
¥4 %%.087 1 104-1 £ 19 % -

L PR CHER Y R R A R K 18 % (% 5L 087-104) > 1954-1983 # ki
% 10,440 7 20,869 Rk A) % Br(— FHHEA R ¢ 72 RAA e E) P L F R LR
- e Rk 15 (%5 104-1) - 1955-1983 & + 95 3k & A5 % dk(% 5)

Z 05 & grh RAAMCER s &

¥ | R R B | &L

L kR ARV 2R 18 £ 10,440 * £ 20,864 3% 4 A % &

087 1954/01/11-1957/08/21 | 001-613 613 % 1,226 5k 4 A % &%

088 1957/08/21-1959/09/01 | 001-612 612 % 1,223 5& 4 A % &%

089 1959/09/01-1961/07/01 | 001-564 564 5 1,125 5k A % &

090 1961/07/01-1963/02/01 | 001-619 619 7 1,236 5 4 ) & &%
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091 | 1963/01/31-1964/08/01 | 001-602 602 % 1,201 3 ) % &
092 | 1964/08/01-1966/02/01 | 001-585 585 & 1,170 3 ) % &r
093 | 1966/02/01-1967/08/01 | 001-580 580 * 1,159 5 ik 7; & &r
094 | 1967/08/01-1969/02/01 | 001-580 580 * 1,160 3 it 7} % &r
095 | 1969/02/01-1970/08/01 | 001-562 562 + 1,123 3 L) % &r
096 | 1970/08/01-1972/02/01 | 001-580 580 * 1,159 5 ik 7} % &r
097 | 1972/02/01-1973/08/01 | 001-578 578 + 1,156 3 ) % &
098 | 1973/08/01-1975/02/01 | 001-585 585 & 1,170 3 4 ) % &r
099 | 1975/02/01-1976/08/01 | 001-623 623 % 1,245 5 4 ) ¢ &
100 | 1976/08/01-1978/02/01 | 001-636 636 * 1,272 3 L) % &
101 | 1978/02/01-1979/08/01 | 001-601 601 * 1,201 3 ) % &
102 | 1979/08/01-1981/02/01 | 001-587 587 * 1,173 ik 7) & &r
103 | 1981/02/01-1982/08/01 | 001-578 578 + 1,156 3 ) % &
104 | 1982/08/01-1983/06/30 | 001-355 355 * 709 5 4 7) % &
R A RS R kM EKRLS 0547k b

104-1 | 1955/04/04-1983/06/22 | 001-095 95 5 jk 7 5 &

+ [19% 10,535 # 20,959 3 i A5 % &+
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311 < FF bR AR RRAMGE Y

1942 # 117 < 2§ % ‘_Lgu AN LR T e LD » o 28 R %1983
E£60 B BRI HK At A F %5k 02006 #3TEE T 921 K Iflspﬁfr‘p_,t,
P gy 2Ly BRI H(B 11) e p v e 22 X PS8 RRAAD & ¢
HeiE R R Y%l 087-104 3+ 18 % 10,440 % £ 20,864 5k )% & fﬂ%ﬁ*%@g
1954/01/11 & 1983/06/30 = # 6 & + F =k ¥ #3543 R K %L No. 087 Mekghs v ik 7)
P &renip bl > R 4P p 1954 # 17 1 p % 1957 & 87 21 | o AP BraE ¥ ch
T ML AR EEACR B BAFEEE o J AN BRI KL
BCE  WRRGE > &- PHGERYE § oA e

Bl 12 5 % fsbk T S48 1 R ke 1057 & 10 ¥ 20 p 02:28 £ s =
% 4 B (23.600°N, 121.550°E > ZiRiER 15 22 > 3 £ 84 M =6.3 > M=6.6)
WAk B MR Y 0 B ROLA) %S 3 19571019 TAW WH_2 « i 7} & £r2 i
Boood e WAE S Pk FIPEF S 10/20 02:29 2050 S-P pERF 5 23.3 45 - ) 13
ARF Gk T S AN R R4 1957 £ 4 7 16 B 04:04(GMT) % ¢ i it
2 (-4.51°N, 107.27°E » BORIFER 602 2 T » 3 B A Me=7.2)id 7} & $r2 MCH
v P g FIPF L 1925 161 0 SP PR L Im33.3s 0 ¥ B A 7 M b b
19570416_TAW_WH_1 - ] 14 5 % 5 f % shok % i & 538 34 R ik feds 1968 & 10
17 p 19:20(GMT) | £ ¥ § 2R (26. 29°N 140.68°E > ZRiFR 519 22 » 4 2
R Me=7.2, Mw=7.3)it 2} Je &2 HCARE % 0 P L BIPF 5 03:25 161 SP pF 5
2M51.65 > ¥ Bk ) 4adB 5 19681007_TAW_WH_2 :

s

/

S 5\_] ETINS

Bl ll- R A ff bt 2 S p RR(EE 2 E-RT5) RT3 021 + R F
?\f °
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206 A bR AR R RS NO.OBT Arigl ¥ A7) K £ &

TS G BA B AR

A SRR LAz G AR

001 19540111 TAW_WV_2 19 1954/01/12 07
001 19540111 TAW_WH_2 19 1954/01/12 07
002 19540114 TAW_WV_2 19 1954/01/15 08
002 19540114 TAW_WH_2 19 1954/01/15 08
003 19540115_TAW_WH_2 19 1954/01/16 07
003 19540115 TAW_WV_2 19 1954/01/16 07
004 19540118 TAW_WH_2 20 1954/01/18 07
004 19540122 TAW_WH_1 07 1954/01/22 19
005 19540122 TAW_WV_1 07 1954/01/22 19
005 19540201_TAW_WH_1 08 1954/02/01 10
006 19540201_TAW_WV_1 09 1954/02/01 09
006 19540206_TAW_WH_1 07 1954/02/06 19
007 19540206_TAW_WV_1 07 1954/02/06 19
007 19540213 TAW_WH_2 19 1954/02/14 06
008 19540213 TAW_WV_2 19 1954/02/14 06
008 19540215 TAW_WH_2 19 1954/02/16 07
009 19540220 TAW_WH_1 07 1954/02/20 19
009 19540220 TAW_WH_2 21 1954/02/21 07
010 19540221 TAW_WH_1 07 1954/02/21 19
010 19540221_TAW_WV_2 20 1954/02/22 07
011 19540221 TAW_WH_2 20 1954/02/22 07
011 19540222 TAW_WH_1 07 1954/02/22 19
012 19540222 TAW_WH_2 19 1954/02/23 07
012 19540223 TAW_WH_1 07 1954/02/23 20
013 19540222 TAW_WH_2 19 1954/02/23 07
013 19540223 TAW_WH_1 07 1954/02/23 20
014 19540223 TAW_WH_2 20 1954/02/24 07
014 19540224 TAW_WH_1 07 1954/02/24 20
015 19540225 TAW_WV_1 09 1954/02/25 19
015 19540225 TAW_WH_2 19 1954/02/26 07
016 19540226_TAW_WH_1 07 1954/02/26 20

026 19540310_TAW_WH_1 07 1954/03/10 20
026 19540310 TAW_WH_2 20 1954/03/11 07
027 19540311_TAW_WH_1 07 1954/03/11 20
027 19540311 TAW_WH_2 21 1954/03/12 07
028 19540312_TAW_WH_1 07 1954/03/12 20
028 19540312 TAW_WH_2 20 1954/03/13 07
029 19540313 TAW_WH_1 07 1954/03/13 20
029 19540313 TAW_WH_2 20 1954/03/14 06
030 19540314 TAW_WH_1 07 1954/03/14 21
030 19540314 TAW_WH_2 21 1954/03/15 09
031 19540315_TAW_WH_1 09 1954/03/15 20
031 19540315 _TAW_WH_2 20 1954/03/16 07
032 19540316_TAW_WH_1 07 1954/03/16 20
032 19540316 _TAW_WH_2 21 1954/03/17 07
033 19540317_TAW_WH_1 07 1954/03/17 20
033 19540317_TAW_WH_2 20 1954/03/18 07
034 19540318 TAW_WH_1 07 1954/03/18 20
034 19540318_TAW_WH_2 20 1954/03/19 07
035 19540319 TAW_WH_1 07 1954/03/19 21
035 19540319 TAW_WH_2 21 1954/03/

036 19540320 TAW_WH_1 07 1954/03/20 18
036 19540320 TAW_WH_2 19 1954/03/21 07
037 19540321_TAW_WH_1 07 1954/03/21 20
037 19540322_TAW_WH_1 07 1954/03/22 19
038 19540322_TAW_WV_1 08 1954/03/22 19
038 19540323 TAW_WH_2 20 1954/03/24 07
039 19540323 TAW_WH_1 07 1954/03/23 19
039 19540324 _TAW_WH_1 07 1954/03/24 20
040 19540324 TAW_WH_2 20 1954/03/25 07
040 19540325 _TAW_WH_1 07 1954/03/25 20
041 19540325 _TAW_WH_2 20 1954/03/26 07
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016 19540226 TAW_WH_2 20 1954/02/27 07
017 19540227 _TAW_WH_1 07 1954/02/27 20
017 19540227 _TAW_WH_2 20 1954/02/28 08
018 19540228 TAW_WH_1 08 1954/02/28 19
018 19540228_TAW_WH_2 19 1954/03/01 06
019 19540301_TAW_WH_2 20 1954/03/02 07
019 19540302_TAW_WH_1 07 1954/03/02 20
020 19540304 TAW_WV_2 19 1954/03/05 07
020 19540305_TAW_WH_1 07 1954/03/05 21
021 19540305_TAW_WH_2 21 1954/03/06 07
021 19540306_TAW_WH_1 07 1954/03/06 19
022 19540306_TAW_WH_2 19 1954/03/07 06
022 19540307_TAW_WH_1 07 1954/03/07 19
023 19540307_TAW_WH_2 19 1954/03/08 07
023 19540308_TAW_WH_1 07 1954/03/08 20
024 19540308_TAW_WH_2 20 1954/03/09 06
024 19540309 TAW_WH_1 07 1954/03/09 20
025 19540309 TAW_WV_1 07 1954/03/09 20
025 19540309 TAW_WH_2 20 1954/03/10 07

041 19540326_TAW_WH_1 14 1954/03/26 20
042 19540326_TAW_WH_2 20 1954/03/27 05
042 19540327 _TAW_WH_2 21 1954/03/28 05
043 19540328 TAW_WH_1 08 1954/03/28 20
043 19540328 TAW_WH_2 21 1954/03/29 14
044 19540329 TAW_WH_2 19 1954/03/30 07
044 19540330_TAW_WH_1 07 1954/03/30 19
045 19540330_TAW_WH_2 19 1954/03/31 07
045 19540402_TAW_WH_1 07 1954/04/02 19
046 19540402_TAW_WH_2 19 1954/04/03 05
046 19540403_TAW_WH_1 07 1954/04/03 20
047 19540403 TAW_WH_2 20 1954/04/04 07
047 19540404 TAW_WH_1 07 1954/04/04 20
048 19540405_TAW_WH_2 19 1954/04/06 07
048 19540406_TAW_WH_2 19 1954/04/07 07
049 19540407_TAW_WH_2 19 1954/04/08 06
049 19540408_TAW_WH_1 07 1954/04/08 19
050 19540408 TAW_WH_2 19 1954/04/09 08
050 19540409 TAW_WH_1 08 1954/04/09 19
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F06 & Frkd AR B k%5 NO.OBT MCHHE B ik )k £ B(H 1)

TS G BA B AR

A T E Ak S AR

051 19540409 TAW_WH_2 20 1954/04/10 07
051 19540410 _TAW_WV_1 07 1954/04/10 20
052 19540410 _TAW_WH_1 07 1954/04/10 20
052 19540411 TAW_WH_1 07 1954/04/11 20
053 19540411 TAW_WH_2 20 1954/04/12 07
053 19540412 TAW_WH_1 07 1954/04/12 20
054 19540412 TAW_WH_2 20 1954/04/13 07
054 19540413 TAW_WH_2 20 1954/04/14 07
055 19540412 TAW_WV_2 20 1954/04/13 07
055 19540414 TAW_WV_1 07 1954/04/14 20
056 19540414 TAW_WH_2 20 1954/04/15 07
056 19540415 TAW_WH_2 19 1954/04/16 07
057 19540416_TAW_WH_1 07 1954/04/16 19
057 19540416_TAW_WH_2 19 1954/04/17 07
058 19540417 TAW_WH_1 07 1954/04/17 20
058 19540417 TAW_WH_2 20 1954/04/18 07
059 19540418 TAW_WH_1 07 1954/04/18 20
059 19540418 TAW_WV_2 20 1954/04/19

060 19540419 TAW_WH_1 08 1954/04/19 20
060 19540419 TAW_WH_2 20 1954/04/20 07
061 19540420 TAW_WH_1 07 1954/04/20 19
061 19540420 TAW_WH_2 19 1954/04/21 07
062 19540421 TAW_WH_1 07 1954/04/21 21
062 19540421 TAW_WH_2 21 1954/04/22 07
063 19540422 TAW_WH_1 07 1954/04/2219
063 19540422 TAW_WH_2 19 1954/04/23 07
064 19540423 TAW_WH_1 07 1954/04/2319
064 19540423 TAW_WH_2 19 1954/04/24 07
065 19540424 TAW_WH_1 07 1954/04/24 20
065 19540424 TAW_WH_2 20 1954/04/25 07
066 19540425 TAW_WH_1 07 1954/04/25 19

076 19540504 TAW_WH_2 21 1954/05/04

076 19540505_TAW_WH_1 07 1954/05/05 19
077 19540505 _TAW_WH_2 19 1954/05/06 07
077 19540506_TAW_WV _1 07 1954/05/06 19
078 19540506_TAW_WH_1 07 1954/05/06 20
078 19540506_TAW_WH_2 20 1954/05/07 07
079 19540507 _TAW_WH_1 07 1954/05/07 19
079 19540507 _TAW_WH_2 19 1954/05/08 07
080 19540508 TAW_WH_1 07 1954/05/08 20
080 19540508 _TAW_WH_2 20 1954/05/09 07
081 19540509 TAW_WH_1 07 1954/05/09 21
081 19540509 TAW_WH_2 21 1954/05/10 07
082 19540510 TAW_WH_1 07 1954/05/10 19
082 19540510 TAW_WH_2 19 1954/05/11 07
083 19540511_TAW_WH_1 07 1954/05/11 20
083 19540511_TAW_WH_2 20 1954/05/12 06
084 19540512 TAW_WH_1 07 1954/05/12 20
084 19540512 TAW_WH_2 20 1954/05/13 07
085 19540513 TAW_WH_1 07 1954/05/13 19
085 19540513 TAW_WH_2 19 1954/05/14 07
086 19540514 TAW_WH_1 07 1954/05/14 19
086 19540515 TAW_WH_1 07 1954/05/15 19
087 19540515_TAW_WH_2 20 1954/05/16 08
087 19540516 _TAW_WH_1 08 1954/05/16 20
088 19540516 _TAW_WH_2 20 1954/05/17 07
088 19540517 _TAW_WH_1 07 1954/05/17 20
089 19540517 TAW_WH_2 21 1954/05/18 07
089 19540518 TAW_WH_1 07 1954/05/18 19
090 19540518 TAW_WH_2 19 1954/05/19 06
090 19540519 TAW_WH_1 07 1954/05/19 20
091 19540519 TAW_WH_2 20 1954/05/20 07
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066 19540425 TAW_WV_2 19 1954/04/

067 19540425 TAW_WH_2 19 1954/04/26 04
067 19540426 TAW_WH_1 07 1954/04/26 20
068 19540426 TAW_WH_2 20 1954/04/27 07
068 19540427 TAW_WH_1 07 1954/04/27 20
069 19540427 _TAW_WH_2 20 1954/04/28 07
069 19540428 TAW_WH_1 07 1954/04/28 19
070 19540428 TAW_WH_2 19 1954/04/29 07
070 19540429 TAW_WH_1 07 1954/04/29 21
071 19540429 TAW_WH_2 21 1954/04/30 07
071 19540430_TAW_WH_1 07 1954/04/30 20
072 19540430 TAW_WH_2 21 1954/05/01 07
072 19540501 TAW_WH_1 07 1954/05/01 19
073 19540501_TAW_WH_2 19 1954/05/02 08
073 19540502_TAW_WV_1 08 1954/05/02 19
074 19540502_TAW_WH_2 19 1954/05/03 07
074 19540503_TAW_WH_1 07 1954/05/03 19
075 19540503_TAW_WH_2 19 1954/05/04 07
075 19540504 TAW_WH_1 07 1954/05/04 20

091 19540520 TAW_WH_1 07 1954/05/20 20
092 19540520 TAW_WH_2 20 1954/05/21 08
092 19540521 _TAW_WH_1 08 1954/05/21 19
093 19540521 _TAW_WH_2 19 1954/05/22 07
093 19540522 TAW_WH_1 07 1954/05/22 19
094 19540522_TAW_WH_2 19 1954/05/23 07
094 19540523 TAW_WH_2 19 1954/05/24 06
095 19540524 TAW_WH_1 07 1954/05/24 19
095 19540524 TAW_WH_2 19 1954/05/25 07
096 19540525 TAW_WH_1 07 1954/05/25 19
096 19540525 TAW_WV_2 20 1954/05/

097 19540526 _TAW_WH_1 07 1954/05/26 20
097 19540526 _TAW_WH_2 20 1954/05/27 07
098 19540527 _TAW_WH_1 07 1954/05/27 20
098 19540527 _TAW_WH_2 20 1954/05/28 05
099 19540528 TAW_WH_1 07 1954/05/28 19
099 19540529 TAW_WH_1 07 1954/05/29 20
100 19540529 TAW_WH_2 20 1954/05/30 07
100 19540530_TAW_WH_1 07 1954/05/30 20
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o

B 12 % fF §sb kT o AN B kfckh 1057 & 10 7 20 p 02:28 12iEa
% b ¥ 2 (23.600°N, 121.550°E » R iFiEAR 15 22 5 ¥ EAHH M=6.3 >
Mu=6.6)id 2} & &2 Mciig @ ¥ > ¥ Rk 7 %8 5 19571019 TAW_WH_2 «
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B 13- % A F hsb kT S4 A0 B k{chr 1957 & 4 7 16 o 04:04(GMT)% 4
EHTIER (451N, 107.27°E » BRIER 602 2 2 5 ¥ R RH me=7.2)
A2k B2 MR R 0 ¥ R S 5 19570416 TAW_WH_1 -

94



Bl 14 % A F sk T S48 B k{ckr 1968 & 10 7 7 p 19:20(GMT) | &
RE§ER (26.29°N, 140.68°E » EiRiEAE 519 22 » ¥ EAH me=7.2,
Mw=7.3)it 7). 52 B & ¥ Bk ) %5 3 19681007_TAW_WH_2 -

312 4R F % ohik B kLA M Y

1942 & 11 7 * 2 F g ER A - BRRK LI L F R oNC
BA AR 0 1983 4 6 7 Kb BRI HKR Bt f\f? éu 2006 # 47 4i % 1 921 %
THRREAEE PH N 021 B REF T P e X Rrh- BB AT
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1977/10/19 07 1977/10/20 07
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