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Extended Abstract

The rapid travel-time sequence method for earthquake locating and
application of the local earthquake early warning arrays in Taiwan
Cheng-Yung Tsai
Ting-Li Lin

Department of Earth Sciences, NCKU

SUMMARY

How to determine the magnitude and the hypocenter in few seconds after an
earthquake occurring are two of the most important issues in seismic hazard
mitigation. Based on the on-site process, we installed two local early warning arrays
in llan and Tainan City of the newly established Palert EEW network and adopted
the waveform stacking method to enhance the coherent part of early arrivals. The
Mpg method is used to estimate the earthquake magnitude. By modifying the present
Pd attenuation relationships, we show that the accuracy (S.D.V. = 0.28) of
magnitude estimation for the on-site EEW mode can be siginificantly improved
since the sensors of the nearly built Palert network aer installed inside the building.

The earthquake location for EEW purpose is always a tough problem due to
the complicated process and long reporting time. Therefore, we developed a new
method to determine the hypocenter in a simple-calculating process. Different
events will have different ranking list of the triggered stations due to the
geographical distribution if the point source is assumed. We divided Taiwan region
into many grids. Each grid is the preset hypocenter and has its own station ranking
list as the pre-calculate database computed by the velocity model and 3-D ray
tracing method. When an earthquake occurs, we use the real station ranking list to
compare the database, and find the least difference grid as the hypocenter. Our
results show comparable or better performing than the current operating rapid
reporting and EEW systems in Taiwan.




INTRODUCTION

To determine the magnitude and the hypocenter in few seconds after an earthquake
occurring are two of the most important issue in EEW. An on-line EEW system consisting
of low-cost of MEMS-type accelerometer, named as the “Palert” sensor, which is less than
1/10 of the cost of traditional strong-motion instruments has installed more than 500 Palert
stations all over Taiwan since June 2012. The Palert accelerometer has a relatively low
signal-to-noise ratio (S/N), we apply waveform stacking method of the array records to
enhance the S/N ratio and improve the accuracy of the on-site magnitude estimate (Mpg) by
treating each array as a single on-site EEW set. Two local EEW arrays, located in Tainan
and llan, which consists of five Palert stations, respectively, are used in this study. Since
the Palert EEW system is just newly built and the Palert sensor devices were installed on
the wall inside the building, instead of free surface, we modify the three existing Pd
attenuation equations to account for the building effect.

The current earthquake locating method for the rapid reporting and EEW in Taiwan
are originally based on the traditional method with 1-D velocity model. In this study, we
develop a new rapid earthquake locating method using 3-D velocity model and 3-D ray
tracing technique. In order to reduce the computation time of locating, we have
pre-calculated the travel time from each grid point (i.e. hypocenter) of the dense 3-D grid
volume covering the whole Taiwan region to the all Taiwan Rapid Earthquake Information
Release System stations. Therefore, each grid point has its specific arrival-time sequence to
the RTD stations based on the pre-calculated the travel times. In this study, we search the
best-fit arrival-time sequence to rapidly determine the hypocentral location by simple
addition/subtraction. We find that hypocenters can be determined rapidly and accurately by
using the only first ten arrivals.



Method and Data Analysis
(1) The local EEW arrays

We selected the damage events occurring after the end of 2012 when the Palert
EEW system has operated stably. In addition, we carefully removed the waveform with
the low S/N ratio to maintain the waveform quality. In order to find the time lag
between stations, we apply cross-correlation method to the array and shift waveforms
accordingly to get the most consistent waveform. Then, the lagged waveforms are
stacked to compute one Pd value for the array. Finally, the Mpg method is used in this
study to estimate earthquake magnitude.

(2) The arrival sequence method for rapid earthquake locating

The RTD network at present consists of 109 telemetered seismic stations covering the
entire Taiwan region with an average station-spacing of 30 km. We divided Taiwan region
into 2x2x1 km grid points (2270,295 grid points). Each grid is the preset hypocenter and
has its own station ranking list as the pre-calculate database computed by the velocity
model and pseudo-bending method. The grid point, which has the 109 arrival-time
sequence to the RTD stations, is searched by Eg. 2. When an event occurs, the best-fit
hypocenter is the grid point with the minimum P;.

P =%li-Ty| (g 2),

where

I - order of arrival (1 to n, n < no. of the RTD stations)

J @ grid point no.

P; : score of the j" grid point

T;; : theoretical order for the observed i™ arrival station at the | grid point



Result and Discussion
(1) The local EEW arrays

The resulting Mpy determined by the waveform amplitude are systematically
overestimated due to the building amplification effect when compared to the CWB
cataloged (M,). We revise the coefficient a in (Eq.1) of three existing equations in order to
remove the building effect. The form of the regression equation assumed a linear
regression model is as followed:

M., =a+bxlog(Pd)+cxlog(R), (Eq. 1)

where R is the hypocentral distance, b is the coefficient related to the magnitude, c is
the coefficient related to the geometric spreading. The wave propagation for co-located
instruments installed in the free surface and in the build, respectively, does not register on
the coefficients b and c, so we only have to revise the coefficient a. Then, we got three Pd
attenuation equations with SDV between 0.28 and 0.42 magnitude unit.

M, =3.479+1.370x log(Pd)+1.883x log(R) + 0.28 (Eq. 3)
M., = 2.852+2.198 x log(Pd) + 2.703 x log(R) £ 0.42 (Eq. 4)
M ., =3.452 +1.102 x log (Pd) +1.737 x log (R) + 0.31 (Eq. 5)

(2) The arrival sequence method for rapid earthquake locating

It is not practical to contrast the pre-calculated arrival sequence with the observed one
for the whole RTD stations. Therefore, we do the self-simulate of the database to deciding
how many stations would be used to determine the hypocenter. As the result, using the first
ten stations is effective acceptable to do earthquake locating.

Selecting events in 2013&2014 with the criteria followed: magnitude > 4.5 and focal

depth <45 km, inland and offshore. This study show comparable result of hypocenter
locating to the off-line CWB catalog and real-time earthquake rapid report system.
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Conclusion

(1) The local EEW arrays
1. We propose a new type of earthquake early warning, named local EEW array.
2. After doing the waveform stacking process of the array records, it shows great
improvement in waveform quality (S/N ratio).
3. When the building amplification effect is considered, we modified three existing
equation and they show the accuracy of Mpqy estimation.
(2) The arrival sequence method for rapid earthquake locating
1. We propose a new rapid earthquake locating method using pre-calculate grid point
travel-time database search.
2. By using the arrival sequence of only first ten station, our results show
comparable or better performing than the current operating rapid reporting and
EEW systems in Taiwan.
3. The average epicenter distance of the tenth arrival for all events is 45 km with the
trvel time of 7.5 sec, which have the potential of EEW.
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B 1-4 p »~ UrEDAS :p|:t 4 # (Nakamura, 2004 )
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Michoacan Earthquake
of 1985
Magnitude:8.1
;/3 Date:Sep. 19
i % Location: 18.2°N 102.5°W_
0* / =Y 2

) Y% Epicentre
3 2
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_ TN Lauien !
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© 2010 Encyclopmdia Britannica, Inc,

B 1-81985 & & & # Michoacan # Z(#2-2 Encyclopeadia Britannica, Inc. )

Bl 1-9 5 & B SASF & k bLip|sb o #

(12 :xp UC Berkeley Seismological Laboratory )
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oA PR F % B 1990 & A BALIR A N B G B LIPS o H P
PRU\EOT R LG PR N- B ER LT SHES P RIPER T
BEGRD AFAEEN 0 8 F A 1986 % 11 7 15 P M 6.8 (My 7
R R KSR IF R A B BB AR I > R A LR hR L
FA 120 2T hmo AR aPRRr RAARFTR T4 0d TEr F @

Y
M

20

L A e R G B0 R T AR H S R RETFE SO A

e

o
BRASIPER S X SR EE CAF RS iR SHY - B REE
P B4t 1994 £ 5 P 4 F Rk A TR R ER - B ORI E DR

(prototype) % st (Wuetal,1999) (® 1-10) > P 05 Wi &+ = R
Bp X Ak REA G R I lRgRE A B PR ERL s
77 10 BEE B R RTPER - PIHFFEN 20 22 > T
TS AT AT Y MAII SR @ T S

F

2
BT o THARAG K Be 3 1008 & Bk £p| 0 A IR R
EER R B T AR BAE 45 20/ F DB Rhdlk o £ HE R
BERAC 7 ORI e T A NRI A TSI R R FAR T e R
R T AR > R&A R DTIEEE 5 22 02 o FI AR ERACTREA
fiox o E 3 0.7 BARBCHE = (Wuetal, 1999) © 1997 &£ 4= » § #F3¢ 5 W pFag
PR kA BRI A HF BNk A F Y b LR
BOELR kLG B a0 2 2 m# T g (Virtual Sub Network, VSN ) 3 & 37 & i &
(Wuand Teng, 2002) (@ 1-11) » ZET AR F 2 RlebP@Edims AF R 0
FREFEMEGEED 2040 o 70 22 R F NG oo FERL > T
RAEFEBRR A P S AR E R > E PR FIFE DR Do

@ﬁ;&&a%ﬁéf Sl F oo WA T DR ;?‘?Eajﬁv? R Il WA
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FIEIE ARG AEEL CH - BRI RE AL P E RS A el
g BH T %% % 2328 (Chenetal,, 2015) ; H = » A mT 7 LH

e B £ 3 * M2 (Wuand Teng, 2002)

-

R o0 AP LI EERT
g 10 fy2- AT £ & (timewindow) &7 BRI E G HER W H T &
REREP L F R TR B R RPREBAZ R E S (Coverage) >
BL TR apipled ¢ L o§ % ke REBIE (CWB Seismic Network,

“\»

CWBSN; Chenetal., 2015) CWBSN# 3 7 % % & = 471 & B &KEP| = (CWB
6-channel Station) ~ § % & %4 & &®RELPI2 (CWB Broad Band Station )
P s AR BB (IESBATS) ~ 4 % A ¥ T 2 iREPI (CWB
Downhole Station) % § % & » A & ®ELRF2 (CWB OBS Station) » ¥ #=
e FBE OREE AL B 23 R E AR & 3 (Incorporated Research
Institutions for Seismology, IRIS ) z_plzk (YOJ) ¥ ¢k S AL 3R 2 pl=p
BmEFoF %5 CWBSNZERT S & F W& T 4 #1(U.S Geological Survey,
USGS) % & 2 Earthworm ¥ pF 3= Z 2 T 5 (Johnsonetal., 1995) » & = - #
#7 2 v1eBEAR ( The Earthworm Based Earthquake Alarm Reporting System;
Chen et al., 2015) s+ & 3F & & 5t o

Foho P L F A 2018 8B KT NrAKALTPRAESCTER ST
A2 T2me P ERRTREER ) > N 2REMT R LD LR
o ZEEINEE T AFRN ERIENY L §F % hBFhn g TEER
SRR TERR P e 2 2 3344 ArY ] BE ER A RERER N
BRI B R A G R - PRI ERR L MR DR
Ho o HET A SAUTHL 2013 £ 97 13p MR K PiTg R
%ﬁ}ﬁﬁ%ﬁﬁﬁ’ib%m SLERE AR A 40 ORI T U SR AT

Eod P R B R B FHFRHEE L Y SRR E S

\\\
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BY o iR TR S A REE B ELUENNY L F A X R AT ROy
BRApr s kg ER TEREFL R BT B FERSE S E

ik o 1 bk Sm o P A F Rk 22014 B2 R RBER 0 5

Prototype EEW system in Taiwan
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1206 E  121.0E 121.4E 121.8E
Longitude

Bl 1-10 % - B RIEERE L% (2:ch Wuetal, 1999)
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( A) VSN station and Sub network distribution

| y .|
RTD station " Sideen
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/~  Sub Network y y
25|*..- area - \ -
|
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”
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- |
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=
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o
- &= —
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~
N ’ il
( N
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\\ e ' -
—
L T 0 50 100
1 L | 1 |
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Longitude(" E)

(b) VSN Configuration

Accelerography
A900A

-
RTD System

: Win/Popup
: Notification

Seismology Center Staff '

B 111 BT R 2
(a)

TE

2%

W

Ml

| |

Multi-IO-Board

Data Acquisition

Data Processmng

v (12:xp Wuand Teng, 2002 )

Bl (b)) kU ”f#‘
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4 ¢ @ Palert 3» RIFE L5

BRI L RRRIR A R R EE T A E 2

FAY G- B M2 BIFE kA Lot Thalert» R E ki, o Palert

=
b %’ﬁﬁ%ﬁ% BE LBy - Bru %ﬁfﬁ%’f AT B e BB AT Y T
AL BPIREEHETE2 )RR RIFEL] 0T R AT R o

141 g BEind
B 2010 & 100 %k > A d AR AT LA KB EONE RFEFATE
R c#=mad fiFy 4 TSR RAREL P R R
& ¥ (Micro Electro Mechanical Systems » MEMS ) g Bl % » & ¢4 ”Palert”s 2
FERPIE (4B 1-12(a) ) > @ p 90 & R ra sk > Heid Tk St g B R P
Eo AR ALEY LR TR BRR AR ZAURPELE BRI Y WA
o BAEAELIEE P MR TR L e franda it ARy By KRV E g R
FE o1 2014 & &> AfEINFRT ¢ h 2 SRY )& K476 500 & R
BE (AeBl 1-13 0 'fds— ) > & SR BIERA - o & Fi-touch (4-B] 1-12
(b) ) » 3% 3 FRERF P > £A1% Rp SR BERE > 23 5y
FOTEERGTRIE N A0 F PRAFTLFINRAEDEAR ZR P

<y

\.‘J

AZER2p RIFEARYE =g @ LR PE .

142 x#EH %

Palert p 2 = e #ci% 3 (MEMS) 4viE B3 ~ 3 S FH ST BV iy
#17 B 3% # ~ 10/100MHz 4 5 22 RS-232/RS-485 i 3 ic 4 ~ 3 N 44 -] 4] 72 Af
7 LED > & - 8| ~#ivi2 All-in-one X2+ ZREF -4 7 Zdwe &

__‘]_
BoaPRFRELT et E w2 b RG> B 247 R 5 16 bit > P4k
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FE 4100 B ekt REEFRI G T 290 77 A p2 AR TRk R
R RE A BRI E S8 (PGV~Pd~1.) * o
bR u e R Palert 2 4 B EL 0 G E B 5 S K 2 E RS
LT Eph SRS EPd L » #eiE B B PGA Y STAILTA( =

AW ERTIOE | EXP e R TIE) Rk ES 60 44 10 Hz & 20 Hz
@ #8143 gk (low-pass) % 0.075Hz 2 % i@ jgt (high-pass) u,}@f,hf’:
RATiE 2 FUEL o

Palert p 2= FrpFpr4s (RTC) 4% & NTP fera s i > 7 Wk 7 P
ZAFFERER > TV R - LR R DB AER CRREZ e B
LR T RREEAY A F ARG AR RERRE &Y KA GBTH R
IR P RIZIBABRR - ZhhERA R E R R PR A ERE o

Palert » 3% # Modbus RTU ¥2 Modbus TCP 2. 1 ¥ {817 > ¥ ¢ PF
+ 32 TCP/IP Client ¥ TCP/IP Server z_# i; » ¥ % #@ 37 % - PLC 22 4 4%
B o i¢* Modbus TCP k22 pF > B 5 ¥ e PFradid2 = 3T s A 8> v 21
#HEP LRI R R EA ETRF AL 2P BT o ¥ ohy feg i-touch

FAEr N ARG > v kg Palert 3B 412 2 4o £ 7 %48 i-touch 3 AF

\\\?{r

AR

Palert 3¢ & % 5o 8 & L ) Tp &2 F A Fp & 2 45 £ 3% (Hybrid) g &
g (Bl 1-14) (FRER 21 & 45 ) o A# 32 5 24 2 Palert 3% i %
B pE g A T RI3BLIE T ¢ e @ o (The Grid Center of the
Academia Sinica) ™% W 7B #E P (R PRELZH: 28X F(NTU))
BB TRILY S PIRE R s g R EAF T AEIF AR
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(NCKU) ~ % ## 4~ 8 (NTUST) 2 ¢ £ 5 %5 (CWB) g & * (4r
B 1-14)

FRPIETREE BFR BN BRI e R BN E LA
NEEARNFE A R ERAPE AR T HSTALTAPGAL P = 38 % 12 38 (7 & ip)
- L WRITIPR g PR TR = ) N 2 PGAZ PdiE >~ £ PGA= ¢ 80 gal
2 FPd+ 3t 035 24 0 T FEE K AT B 4niE (T i-touchs g B B Ao R
BRI EIRL Palert@ﬁi%li TEEMEL S 7 = e v RAMELLE EE B A
B NEfFEHe 2T Ry FREY o 2B ERe TR LT

(USGS) #7® 4 2 Earthworms & F 4L a2 T 5 T prdi ¥ aJ2 > Earthworm
R- BEMETEALE RTHRPZAFT S0 BR 0 ) ART

Bl o bldrdieicle s e e PRIIFH I EEE > 2 VLR FERYT
TR TEY o - L EP 8 PRIAFH RTEL T LA RRFL LR
M RN - i R 03 (Wuand Lin, 2014) & (7 40 2 80 R i
(Geiger, 1912 ) ; & ¥ 1% iBPvE PA¥ 2R - cnie &ﬁ B %38 (Wuetal, 2013) &
FHRA (Mp) E (F3HE D2 Py 30 6.0 P @ * PV Py fic = 3%
6.0 R *PdRB) » - LEP LT RIEE WHEFER > OV e R
FEgE A1 16 fak B .

Aol A1 BplsbeTiedL BB Sl (Aok R E R ) TREE IR
K B (Shakingmap) > # & 3P & 5% > TV HEY FlRpf? o AR

z_ Palert ¥ p¥ & A& F 3 4 =k(http://palert.earth.sinica.edu.tw/ L4 g (4c@ 1-15) -
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(a)

(b)

Bl 1-12 Palert ¢ & x %3k &

(a) Metd & 4vid B3 RIFERPIE Palert (b) fe & Palert g B & @ *

2 B B2 ¥R E j-touch
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Latitude(N)
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Palert distribution (2014)

119 120 121 122

Longitude(E)

Bl 1-13 Palert 7¢ & & SLjp|sb o #
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Palert System Configuration

Server l TCP/IPSocketl

P I 4 A o PR
ITCP/IP Socket

BRARE| HA | |TRALA

|

Share Memory

!

TCPD.C |, Eventlocation
Program and Magnitude

Earthworm Environment
Regional Warning

] 1-14 Palert 35 57 & Se 70 0 i 12
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B Palert 5 M iz SeF RAIRRIE  WHD ~FEFF > LR KR
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B A E RIFEL R o A F Palert 2 M 2 & A
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Ti\4
o
<l

EF oA B REE TG 0 PR RRIEREATR P 22 NG 2

Hypo #2;¢ (Leeand Lahr, 1972) - # gk R 2 & F Rle 2 353 42
Fl¥ -2 FFF REAFIFEF RAAF P FRAFFZ RRCE R 2
LR R BRI F F R S L 0 X F] Palert R B A LAt B
FAEZ 2 Al § Ak cnDpFE 2] 22 M FE > F0 P S Palert kst B
FhA R G Fl c AAETRBRREY Y L R AY RE R

(RTD) > 82ARTD # Ziapplzbiicp > > B H REBRRL R F2 7 7 K3
TR HAERDF P E G REDEE A PRFE R (SR
119~123" E~ A& 121~23  N~iFR :45km) *» = 2 x 2 x 1kmz = ‘a4
BB & BRIy L BEXRARR $ER G (2014) & 4r4g 2 £ 8H R 2
‘g B3 2 Koketsu and Sekine (1997) #% 412 jd 43¢ 7% (Ray tracing ) 3*

FEBEXBERL RTD R4 AT 32 TR » § 5 B84 > #pp2
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SR RRAMERE
214 RIEEAREL

I,Fgﬁ ri“ %’??%—J ‘?i";% ?gmﬁ?ﬂ’ -%ﬂ—\_%ﬁ‘d I%%‘iﬂ,{m'} t?,j—i‘i“:

FEREUERETRGELET O HEL PR FE IS RIFL TR -
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AFATFERBEFE RO R A R 2 b HAS o 4

o

BRAZPRRAEI R EFIE . S (FA )2 4o kdam 4%
Alenged > dadk (LF 5 Pik) B2 R SHZE L0 i (B 2-1) »
PERABRERY B NLHAARNTITREAZ BRE R FIVLBEF R

R ERDTERE AL gLy o § o REEFL 0 T ILY

FHEATPRAT SR EERPRET RBURMEE RAT id > L

ool - ERRT A KT MR WA TREAAE R (S5 APP
A TAREEERE) oW Rt (B 2P F 1R SR - &
AR) BN RREN SRR, IR PZFERT > RE NG TFE 0
R B IR LB BRSO PR SR T R R A
poenFE (8 (Kanamori, 2005) 0 fk @ o AR AR Bog AR B K
B~wAF 2R P BERARAED 2 2 - BILD o AfriE ) 5 RHE6.5~7.0
(Wu et al., 2006 )

R FEEF L ke RF L P BIFFER B2 IERRIT 2 LS
Fimlaprs (Bl 2-12 B 2-2) T4 8 g? PRESKIERZ >
TP EDRER o - BRRERH e B ¥R SR BReEE A S

ELVER R BRERAT T PR BERSH A ERETL G
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_VEEIHE W (2:1)

Hevg~Vpa B 2 SHEPR T o R - 39 5185 1 B LS4 &
FREBBRAGETT2ZPFRF > F 2 SPRAAR VARIE RF L - 2T
FRF BRI RETE LR > 5 3AAR LTI T FE o d PR
#ARGESHNLIZ B FEF R PR 4 o B 2 BRI E R 1R bt
PR SEE R L M NP E B T35 6.53 km/secy St 5 3.67 km/sec >
FIEEAL R % 50 2 2 chk R P BN F 7T ) 0 SR APR IE 1 56 f)
i e 100 2 2 PR BYE Z 157 S Pl E R £ R < T 11-12

f/) o
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Station:HWAO052  Distance:30 km Distribution
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2.2 ¥ Eﬁﬁ %’ﬁ:;\l

Rk BERG N3 ko 3 BEELET A LA AN (Kanamori,
2005): (1) % # 3] & ¢ ¥ (Regional warning ) s¢ L= =4 i 2] 4] ( Front-detection )
M (2) Ry AlE RIEE (On-sitewarning) (B 2-2) -

FEAUS REISE L BF AR TORBE XD R BT R
Ak R4S AHIERE L RITT BRI BRI TR T AT 3
BB BRAIERFFLITE ek RAK CERERAFE KBRS
FEFGR L B RER G o )ffufw FEAF RIPELJIY RATET &
e AL 0 E R RIPE DD o B R E H - S BB R

LRI T P AP Peidde i SAAKE T g 2 e JRde L ] o A IR

PAHES BE KA G R RE N R E

e
%
7
u3
>—L b
&y
T
=1
moE
5
w3
B

IERRE S SRR SR SR
o BORUER R 0 Ft G RS S RO R A 4 o (e TR IR
B b {3 R L PO RH B B2 R SR BT | A I A5 E AT 2
FTHRASEEFRE  PRYFHS RIFETHRELIER ] DR B R EEL
B Bk orisgerh P LT B
FFRFEE o @ P W B ATEOHN 54 & N
A2 R Jjﬁli?ﬁﬁgﬁf;‘ » 4o 5 e eBEAR TE & k42 Palert ip & ks o p

[ERE TR S G Eo g ‘ﬁ‘ﬁ%u))'ﬂ oy "ﬁ X 49 ehAf %’Fgﬁ? °

30



Warning Types

255

On-site Warning

* Earthquake Occurs

5s= | ® Sensor Triggered

24.5

10s+ On-site Warning work

|
15s - .... Network Triggered

23.5
1205

I
121.5

255

Regional Warning 255" | Regional Warning work

lind Zone
24.5

Region 60s= | Earthquake Rapid Report

\Y%

235
1205

I
121.5

Bl 2-2 R 3] (On-site) # RIFE 2 %3 4] (Regional ) # RIF &7 & F
i

FPRERDEEEREPRE FREFAL
FOLpl s o TR FIR A BRI EE R ARRAR S R B D
W W R BIFEE T o hoF el

1%%‘ T F AN o
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23y RIPELHANTR

hofm Poif PO BT BARKCEY BRI EA Y RS g AR R E

3

SN

Pens PG E > 23 % & 37 Myi2 (Wuetal, 1998) ~ 1.2 (Kanamori,
2005) ~ t;***;# (Nakamura, 1988; Allen and Kanamori, 2003; Olson and Allen,
2005 )~Pd;# ( Wu and Kanamori, 2005a, 2005b )14 % Mpga:# ( Lin and Wu, 2010 ) -
MPRA G RAF A2 CEREIES BRlbas Raip > B ahF AP drtg
2R ET Fpd R (Kanamori, 2005) > {3t e REEEF T G &
< ﬁﬂﬁ/gk ( Nakamura, 1988; Allen and Kanamori, 2003; Odaka et al., 2003;
Kanamori, 2005; Wu and Kanamori, 2005 )

(1) Moi2

LAY L R R BT RTEE R R L R E ko 5 ek

A
)
|

BATHIIRER » T R L BT RIE AT RIFAE R (PR) FIFFS -
M2 E R > HE B FREDTE S o A B RS B2 Rl R A
WP TR A2 FOR BTN R EFRIREFHIME - F]Ut > Wuet
al. (1998) #4571 23 Bk >t 28 E p (FLpleb B EFiE) 2 AH L3 52
PREEBE Mo REAE R A5

M, =1.28 x M;;, — 0.85 + 0.13 (2-2)
HP Muos JI* PRLFIFFE 10 fyiedek RT3 8 D2 WARRE M 25D
B2 ® R RAE (WARKE) > R E ¢ {RTF FRIE - SERE 7
LF RV AR RFABKH30F 0 TEE NG E 2R
QP AFHIHFRE (1p%E ~ 102 )

CERRRIRS G T PRREP R REGEHF S F A
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PO o - LR RPN R RHARBFH L ASE M AR o PG F PR
Ny Bxol 2 BRI 2 B BT G A 2 ] s
DR ERRAE T A2 R B ARl A s B R AETR

ROEPFR 2 AR d R K R BANEAY (F23) -
EAE A AT Y o MAEIRA KRG B e B FUt AT w0 P LR
Rl s RN Ad S EE O PRGY R RE bk R
Epmy bz ¥ s4» 24 Nakamura (1988) #74& ) » @ H #rf|* end P L 24
& 1x 4P o #2 &> Allen and Kanamori (2003) i P jt 3 & F 84 >4 ) 1 10952
(H=2¢ ZTM) 1,7 d FRAIF RR2Z ¥ Reduie fr fEF > 2R

S

£ =27 o= (2-3)
29 X, =aX; +X2 Di=aDF1+(%)j
bR P LR BRI R Yo BRI R
QL TFEH (LH5099) (XL ETHBLEARTE D LT FE
Bz T3 E > arlT o 2R E N > f1% P abart B o2 gosr,
i@ o fAllen and Kanamori (2003) #= 3 ® > J|#* g 42 BE 2> & B ¥ )
BORE A BT ORRTE B  SR APR Tl S AR LT
HoF s & GnRf o dost 2-4 o
my, = 7.01 X log(rﬁmx) + 5.9 (2-4)
V- AP REHI R F R0 £ 4 Kanamori(2005a ) #-H 0
FICR 0 XP LA TE 0 R R B3R LN 2 T o T Rk i
3HEH o d P E i BApfed RAPFER R 7] #-P A TIFLS = fyp 2550

Bff e T iR (25) A iEr:
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_ JPuz(tat (2-5)
C[ouz(tat )
d 3 BRAPFRFAEA 280 BB FB 2 8 Emk > 77 L 54
Parseval £ 324t & 2> 38 = 2> 3% (2-6)

4n2f FAANPAf _ 52
2.6
Slaear - U (2:6)

P TR RS A() R QA ) HE S i A (fR)R] G T S &

fgimd FiRip B @5 (2-7) > B2k 5 PRIRS 3P chTiadrd ity
S K o

N

2n
IEERG (2-7)
Wu and Kanamori (2005a) f1* o % RF 2 Ber fof it iF 4 17 -
AR R 28

log (t;) = 0.221M — 0.113 (2-8)

FoOAO Ry %% oo @ FoF R0 B4 21§ P
FFRG My>6.5 ot RS e TR B - BRI §AREHL S % (Wuet
al., 2006b) - F @ik RS R M R E AR BT e R S h U
®3 10 F 0 p o

()P pImtgIg iz (Pdiz)

PRAZATREY R LFPRE RS REBROER RS L
N A H @ g o £A%E > & Wuand Kanamori (2005a) ¢ % % Pd 5 Pt
D 3PP BESEHBP LT v riss2 B JRHFE - Pd ¥ PGV (Peak
Ground Velocity) % 2% 3 4% 0B %5 & ¢ Wu and Kanamori (2005b)

F.Pd&E PGV 5 Fi o MR HJl* 5820 BRES S50 BF 2
rjb&ﬁ“f:' ;v 2-9
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log(PGV) = 0.832 x log(Pd) + 1.481 (2-9)
- 25 P W B RO R o (58 2:9) RAER R RN
log(R) =axM+ b xlog(Pd) + ¢ (2-10)
27 R G RRIEH a~b~c 5§ e Frut B2 Wuand Zhao (2006)
(74 2-11) % Hsiaoetal. (2011) (5% 2-12) 4% &7 Pd 3H5E 5 58 ¢
log(Pd) = 3.463 + 0.729 M — 1.374log(R), S.D.V.= 0305 (2-11)
log(Pd) = —1.777 + 0.455 M — 1.230log(R),S.D.V.= 0.362 (2-12)

Onset

3 sec ;
Amplitude:em e R s

Tokachi-Oki, M,=8.0

Chi-Chi, M_=7.6

Miyagi-Oki, M, =7.0

Miyagi, M =6.0

N. Hollywood, M =4.2 |
Compton, M =4.0 |

San Marino, M =2.8 |

Time(sec)

Bl 2-3 R4 3 2 ¥ B ATHE L w45 ol
Bl ¥ AT A R RANP LR T RGO L PR R (B

:z p Kanamori, 2005) -

35



240 RIFELRR-ERE

FREEO LA R RE L il (RB) TR (3 RFR)
A-E AR o e i AT T M Benin g e BB BRI Y R - ko

TRBLE RIFEAAR LAY DT

(1) @3 B2

Brp Rl RRAFELF B2 FRGIEE . B3 4 cnpr Pt 2
FiRiE (Xo,Yo,20) » B3 A28 AR 2 R BERFRE (4-t) ¥R
mEEH (D) Rk E R (V) gt o 4t 2-13 ¢

\/(xl —%0)2+(YVi=Y0)?+(zi—2¢)?
V(x,y,2)

P ARELSRREE (Xo,Y0,20) “HFBRFRL B8 5B X, Yi,Zi)
PRI EZH2 PG REEZ LR EFRFR2ZERL (Gi-tg) @ d 3

%%%EEVUJJ){fﬁﬁﬁﬁiﬁ&&’%ﬁgﬁgﬁﬁg~£ﬁé

t _to— (2'13)

2 g WIRpE o FEAES R ROLAPE S AF R FRAUEM T 2 B AR RUR)
FORLRfE . Tt B8 RGeiger v 1912 £ ML T E - BRMESNER RS
B ER G fRePr A o BH 2 2 R AR G 3o Eo ] T e ok

FRMEE o BRSNS AeT

R = dt + 8 dx + X0 dy + L84z + ¢ (2-14)
a(ti—t) . 0i-t) . oi-t) : I,
Tzai,szi,T= #-;8 2-14 # 18 ¥ 17

el = (R; — a;dx — b;dy — c;dz — dt)? (2-15)
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i n Boplzbenk Haplk oo v A N 2-15:%y 4
n.et=f() =YY" (R, — ajdx — bjdy — c;dz — dt)? (2-16)

hGeigerzt & nife? X TBRBERCE 2 FRFR (X*,y*,2%5t%) & 5
M- RIEERIAPFERGA T2 ZE (R) & ]330 ¢ @5 -FZLde>

GEWEFBRETHEF RHAEL > BFL BRI TP EDNERERA
Be(x,y,z,t)od 30t @A T (2% € % DIELRIR Y BB plab oy b LB F AL

FI ARt A E R

A IR FEE 0 ¢ - Nakamura( 1988 )ik 14 i 1 * H =h P L 3 #0350
Fd ¥ RADBES w2 RGP REE > FHEN RLEFF A2 3
-8 % oKL 4§ 5 4pk (cross-correlation) o s fKPBis
BA N 240 H N8 pFaiie 2t B (recurrsive) o 23N 4e T o
(Rugew)i = @®(Rugew)i-1 + Xua)i Xew): (2-17)
(Rud,ns)i = a(Rud,ns)i—l + (Xud)i(an)i (2-18)
B ¥ (Rygew)inm % I BEE 2L d A8 DLAPM 80 (Rygns)i »

‘<
1\ﬂ«
\mk
5
%
40
=

A,\E_E'?/’JQ 7}5 Fﬁg \ﬁ':ﬂ'{ ’ (Xud)i ~ (Xew)z (an) E‘ A,\ Ki” CEF r§& TN
I as T F e (A 0F L) o d g5t (521750 2:18) £WR
PR St > BT T R Rk 8 k0

9, = tan~1 Ludewki (2-19)

(Rud,ns)i
i RIRIERT d 3 R R G (AD)SE RIRBESE R M B E R R
Bk dRIF et e B BN (M) 22 4p M - RIRGEALEEE £ o M 0 A
VARG BRI B ROLIRNE R SR R R E ROREESE -
log(R)=axM+b xlog(Ap) + ¢ (2-20)
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g 3 2-19 W32 2 x4 2 5 220 Rl ROREE > {F EiEd H A

Y F“L} A% o

",$ Nakamura (1988 ) # 412 = ;22 ¢ » Odakaetal. (2003) » #& 1 70 H
RS R o B BRSSP 22D e PRESPEHELREY AL
it o T4 & Mg (2 2-20) REETE

Acc(t) = Bt - exp(—At) (2-20)

He t 5 PRI RE > AcC()R] 5 4ot BIRMFE » A BIRMRER I cnsg it
253 M B A PRAIIREAESF A B S EY RSl T d B T
= ;2 F18 o 4345 Odakaetal. (2003) ~ 5 p A& K-net enF 414 > B @ e+ /]
BRHRORLFEF Mo F BEAAS S R AP R LT F 2 PR AR L AT
ERApM FRBEZRAIERY LERHEDEERS AT I RS A
FkEAT BEERLFEGR I (B 2-4) o

Q) Rlzt M e o+ 2 ix

BEF R NS R AT L T A Y g B ¥ o d Sambridge
(1999) & #& &1 2. Voronoicells 24 » H izdpd B iplzho F S P A6 2 B
Eerp BRI R B Eo BE BRIk FlE e - B % A5 04 8 (Voronoi cell ) »
BERFAL S RAIIE RA RN B R A2 BRI TAIE P
IR A g BRI BRI sb P € TP Bk o T AP AR - BRI
JRarite » wE ARG RADE 0 A R F R EK T RARD o AL R
o ﬁﬁ*‘ugﬁrﬁ/l CH A BB ah e ﬁ*%\n o Bl 2-5 % 14 Palert 7 & k sz
Rl ek e 22 Voronoi cell i 255 > BLE T RETD > H R Y & LR
o FLRIR R E S 2 R RS Voronoi cell € jcac ] e 0 Rk AR
BECL B RE > A b R A RS o P R R RE R ek R o $

BRER R @A
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(4) e Bbib & 2 ix

B LT B BRI A R s R

FAr e F o R BT E LA M E fudh N4 s e & ahi=  (Kamigaichi, 2004 ) -

SRR G AR RR R RS LI LR A T L
“’é %ﬂi‘r’%j}%{v I R Av\l%:'a mfé.,‘_h& K%’h}’"&"‘ a5 ( mé?é—

REFRFIE) »BFFEE - BRELPREP ARAIFEF S DL

D
S‘*"
31;

TIp A Eehfe g s RAE

100000 . .
Time window=3s
10000
]
R
~ 1000 ®
8
7))
=

100 | 20001006 M7.3 (11 km)
02001.03.24 M6.7 (51 km)
©1997.03.26 M86.5 (12 km)
@ 1999.05.13 M6.4 (104km)
®2000.06.03 M6.1 (48 km)
10| ©200006.07 M6.1 (22 km)
©2001.03.26 M5.0 (49 km)
© 2000.06.08 M4.8 Em kin)
©2000.06.05 M4.7 (10 km) - .
1 |_#1999.0802 M39 (10 km) O (Size) o< Magnitude

1 10 100
log(R) (km)

Bl 2-4B &2 & & ez B % (Odaka et al., 2003 )
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Voronoi Diagram of Palert System

26.5

S’

25.5

(N)opmine

23.5

22.5

21.5

120.2 121.2 122.2
Longitude(E)

119.2

118.2

& % ¥z Voronoi Diagram

] 2-5 Palert ¢
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cEF R B AR RRF AL TRARAER o

315 - A — | Rip RIFELS
0 SRR R Al R ﬁwﬁm%ﬁbﬁﬁ,%amaﬁ%@

(w

Yefly 0 i Palert FE H S A RS TFE Y RARE] AL RITE - 0 R

{0 Palert SEE KA Mo B o e M EE A2 ) R ELA(L 31

THOG A BAPE LT ER T LR TR R RS FEBG] >
—?E% )’?ﬁ:ﬁﬁ;i( o — 1B K_é'_;lj Ed f[a;;guj':é,f#,:\)\; y Pé;i,; %‘:i fi%ﬁ;i , 321@ SAC

(Seismic Analysis Code : Tapley, W. C., and J. E. Tull, 1992) i& {7 5 51 3% j 2} i
(LA LA AL R AR 3-2 0 SAC 47 £ At ) TR ML Ak 4 4

AL TR RHE R IG5

311 #» RR EER
A P 2018 & 2 RHEA O 45 RORIER | >t 80km ~ BB EE] > 150

km e 15 @ ¥ 2 (40 3-2~ B 3-3)
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312 P 3|22 (P -phase Picking)

F| 8 P A FIPF 2. m 5 LA (T4 ik A5 5 A 1k Bk (Preliminary Quality
Control) » F i chpe BE 37 Mg > BF LA A RJZ > 40 0.075
Hz~2 Hz z_ % 7 Ja& (Band-pass fillter) ~ # "$ 4% (Remove the trend) fr#%
“fl 5 ( Remove the mean )

Paapdz iz * p Allen (1978) »t#H Mz p Xz 32 » L 11X 1
A TR TR T o PR PR ETEF ML T 2 PR = £52558 (&8
BEEY Lplsb PATIPRonerz ) 0 BEF AT G 2 AR

3.1.3 #3543 4p M (Cross-correlation)
RS T ORI T R A B R I AR (34 34) T RERB
hAS2 Pk RIpE s 2 G Flipleb s 1 0 # 2 0 FIE R 7 e Arid = ennt & g Y
(time-lag) - 4-®) 3-4 - 2 “,%bf@ﬁﬁ'?%; I B2 AR - R R
fad Al 1 (FF ERAH T A BN (A0 AT EP LRI
time-lag 4r*i44%= )

c(t) = f(t)@g(t):j: f(r)g(t+7)dr (3-4)

314 RAjqpieiE

% T Rk Ay Y & FR B (sample rate F ) 100 8 ) ¥ s 354k
BT A e o A A (S § 33 TRl TR B TR 2 RS
@ R BB > TR B A2k (B 3-5) o Ak RE 25
TR R Bt A4 ) 3-5 A1 o R Ak Brde i d o 0 ] Sdiche
gz
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3.15 HHTE R

RS EEHCREY S S L SIFN S0 S AENIEE BV SR
Pdiz 2 # RARBIER - &R
CRNY T E
FEFZRDAFAY TR N2 P FRREGEH Y (54 3-1 (Wuetal, 2007) 5 3¢

T RBE RIEELIKNE RS P B

3

EHcE d R > MIEE R R S AT T AP

3-2 (Hsiaoetal.,2011) ; 7% 3-3 (Chen, 2015) ) & {74 H gz o

M., =4.478+1.370x log(Pd) +1.883x log(R) +0.18 (3-1)
M., =3.905+2.198 x log(Pd)+2.703x log(R) + 0.43 (3-2)
M., =5.000+1.102 x log(Pd)+1.737 x log(R) (3-3)
% 31~ 532 HE RE %?E%“ﬁ.?l]
ra T R RIFELS
Bk S B R fhad
FR(E) FR(CN) % #2(m) X
LOO01 < B 120.359 23.125 31.0 1F
L002 AT B 120.384 23.021 41.0 1F
LO03 ~ R 120.349 23.158 39.0 1F
L0044 FTE R 120.313 23.01 31.0 1F
LO05 VBN 4 120.218 23.996 31.0 1F
FWH | REY RFELS
W042 mERY 121.747 24.749 24.0 1F
WO046 R AR 121.744 24.780 13.0 1F
W049 LT F ) 121.763 24.724 15.0 1F
WO04C AR 121.790 24.743 13.0 1F
WO04D ¢l B 121.754 24.754 19.0 1F
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F 32~ d g Asdpdez BRI 4

Origin time Lat. Lon. Depth Hypocentral Dis. M,
(N) (E) (km) (km)
2013/02/02  03:38 23.75 121.98 35.0 118.7 5.6
2013/02/21  18:34 24.31 121.44 6.4 59.0 4.8
2013/03/06  22:36 24.61 122.10 69.8 79.4 4.7
2013/03/07  03:35 24.30 121.46 5.6 58.8 5.9
2013/03/07  08:06 24.34 121.45 6.0 55.7 4.6
2013/03/20  07:21 24.45 121.95 12.1 40.4 4.6
2013/03/27  02:02 23.90 121.05 19.4 120.6 6.1
2013/04/21  03:06 24.41 122.34 70.6 99.1 5.0
2013/05/21  04:24 24.28 121.77 14.5 55.0 4.9
2013/06/02  05:42 23.86 120.97 14.5 128.1 (124.1) 6.5
2013/0607  16:37 23.98 122.65 353 100.0 6.2
2013/06/28  23:50 24.03 122.24 19.8 61.8 5.7
2013/07/16  10:10 24.28 121.50 4.9 35.9 55
2013/09/18  03:32 24.64 122.09 15.1 39.7 4.5
2013/10/31  12:00 23.57 121.35 15.0 138.5 (132.4) 6.4

FHER Z SRR RREELS 2 RRIEY
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(a) palert distribution

25N

24N
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121°40'E

121°50'E

() Tlan Array

24°40'N-

121°:10'E 121°50'E

(¢ Tainan Array

120°10'E 120°15'E

22°55'N+ - F22055'N

120°10'E 120015'E
B 3-1 ] RBIpELINLH

(@) Palert p|zt4 # (b) ® fF -] % ﬁ‘iﬁ'g‘j"i 71 €) s3] % jg‘agﬁ‘g;‘nj_;q
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Band Pass Preltmmary Remove
0.075-20 Hz the mean

P-phase Plckmgj

[Cross correlatwn]

[Waveform Stackmgj

l

[ Integrationtion j

|
e

Bl 3-2 LA A B RIE AR
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Latitude(N)

2013 Events for EEW arrays

4’ N
e 0 O .
4 5 6 7 "W E
S
Depth
(km)
N
101
& 20
30
40
50
60
70
120° 121° 122° 123°

Longitude(E)

B 3-3 * 3 dptez B EAH
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Correlation coefficient

Cross-Correlation
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T'lllT
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origi N

Illlllllllll

1

005 HHZ -

E

HHZ

Lol 1 o

|

.l'll I'II'II'II I

Time la;g> (sec)

B34 L7234 7T 3 E
FWAANGRL IV HETS NS R AR Gl B 2 PR EE (4o
¢ W ERApm ) 0 2t B LOOS RIsb ik A ke i AR A, 0 HAw plabr d

WL AR H) o B BPEE S R RT BT Lk
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2% WL —FEF PRSP R T
A3y RIREAH > AP g TR R LEHEE A

PRFALBPEATRRCERT AR RF U RES S feb e P g

BAPERT Y o L G et 232 5 %% p Hypo7l 425% (Lee and Lah
r,1972) - H¢ o WA - M2 4 AR R R E F R A 0 e Rk

i RmE (Geiger, 1912) >3 E4F o 5T &2 # RIFE2 g d >
M EFRRE L R BRI A AL NP L R BAR A
LRl (RTD) (W13-6) 5 %4> &4 - B ¢ 5Pk ps 4 pF BORE
F o BEEL B 2 2 48 Ak RE P 0 3 FAF T AR o

e A X ol }iipal?ﬁ] 119~123° E ; *ts‘figjal%] :21~26" N i#R
;pal%] 20-45km o b7 s % <f & o] 5 2x2xl km 2 = et gk o & - K 3 50541 @
YemE 45 K > Bl- £ 2274345 BB o F BREIY LELRR B2
AR Rz M RO 2 A M P2 (Raytracing) 3-8 & B ik 2 k2 RTD i
A PREER (109 £) &5 4 FRE » #dagfead @ 53 45 2Rk p
EEFTHE > §r AFAPF I F2PRPERVCEHTHEE (RE4psF) »
I dF e AR X RR O IR R LR ORBETIRLFER

o

321 LAt RRH 6 B EERIR(RTD)G 4
CHEERPRBER AW RXTE P L F RN ARE AR - T
FEe BBLIPIAE > Plb o T f CEREN L 2 TEP N EP e
SHEF %R 2 109 B ER (B36) BT ReE{xL-
HuR&R? P20 - S AR RE > 7 TR R BEkEe R
BiE? ETEOTEBRER O RE B AR I G R r I L F R h TR A
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e FHlEIRY o A BRI H - > HITE KRR 2Ep BT §

BABEERE PTRApP P BRI EF ERERE T AL AHE R
L A V-2 e N o BE R ANENE LB E A0
Hoedro h MR BT HESHG S T RE

P2 o A2 HREL FEERE FRTFEMN T THEFF

=
~
)
,‘d}
K
W
&
4
<0
Jary
i
RS
had
Pt
<)

166/167 4v 3 + 3R ¥ &, L LM P ST L H =~ R ﬁﬁiﬁﬁi&wiﬁﬁa?ﬁﬁ#
2 Gawl o B - HART IS F R h 2 ATREMEE TR BT

e

322 Rz PFFREZ 2

H- RATIE- plab2 AP F &% Dl R BN 2 LRE i3 -
AFE R TR i R A 5 2 (2014) Ak N2 BATE AR Rz e
BApd #Edl s m s & § i (Ray) ggbg ik (Wave) k- %
- BER R R APE o ok e T - LAp 4 prd H oL (Wave front)
Pl I g A KO R BEE s R B RTIRIEER R B end A T BT
FAPRIS BRI ZASGEBREFADZRS w2 Jub - Rad RRIPIE
A PTARE G RS AT 0 1395 7 B 232 (Fermat’s principle) » A & 4_7
Bhz B PR ERCEOE D o LA R T BT Y PR BB T S R
RlzbTEC P IZ R 5 d T PRE O RE P ERNE B LR
ST R0 B RIS R R HEE Moo d N RGBT i P 2 it
A BT RAAR > RV DA PG 2 Lt H2 o

*EE TR F 2 Mg P2 £ %4 3 Koketsu and Sekine (1997 ) & 3% 0 2
RdEd 47 Mg 72 (Pseudo-bending method ) - 2 i B 6F 12 R AR g B2

(Boundary value ray tracing ) - #& o p* = /& B 4B hc ) 3-7 0 AL EX S &
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EA T )l (‘3 WiEPE

2
=
~

C A1 H e deenig R i KPR (local)
g B R 0 ME DB TS PRTRITL, o B AL hR Bl Ly (PT(LY)

RE

<T(Lo)) > £ * dple e Z LB 1T =+, B 3IT(L,) - T(N-1)f2 &3] F 4 &
(P) > RILp A B t8 2 o g feehenptjs 5 2 27 — 3T (Ly) - T(n-1) >0 > R
felpp 2t BB ehBh e £AFB T b 3R (B 3-7) o gt 2 229700 F (70 &5
RERP R ERRC RS DS e TS DRPRREFR BT 0 €
RAPFHE EaHIRE [ A LA R BT -

BB A T Ao R] 3-8 0 Bk s~ Ok > Qe RS F AP ARz B EE o AP
P PR R R B T E g (O > Qeea 2P P EE) 2038 R & o0
v GR38¢ M (Ere ) A7 0% v By BEARY FenH me 207

BAE 0 W M= MIREEE b ERYART B S

10v 1 oOv
VU—( ’r66’ ’rsineﬁ (3_4>

A& b ix- 8hH =+ » § (tangential unit vector) 3 :

A dq dr rdé rsin8de
3 dl_(dl dl dl ) (3-5)

# A dI=2L > dr=rpg-rey 0 d0=01-0ks > A= 1= Pka °

FLB A5 H w8 (anti-normal vector) > Tk i3 Eh B 0 Fod 5N 3-4
fr;4 35 7 ¢
VUmia — (Vopmiq - Dt
IVVmia = (Vomia - DD
= (dr ', 1,,;qd0 , Tyig SIN Opig AP (3-6)

m=

IONATHL T B T3 pEd (R) AR T B 23T 0 Bl 1Y Qe I Ok

1
TR = (L2+R2)2[<vk1_1 =V1;1ew)+<vk1+1 :anew)] , (3.7)
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')"d? ¢ Vnew = Vmia + (rfﬁ : vaid)R - H ﬁé:’ E

1
A= —CVmia+1 [—cvmid+1 2 L2 ]2 , (3-8)
4cm-Vvy,ig 4cm-Vvy,ig 2CVmid
1 1
Y c=(—+—)/2-

Vk-1  Vk+1

Flp g Bz BAEL

4

r Tmid dr’
qr” = (9) = <9mid> +R (d@’) o (3-9)
2 Pmid ciqf

¥ {4 31 »~ F & (enhancing factor) - #-3% 3-9 :x @ =

r Tmid dr’
qi" = (9) = <9mid> + FR <d9’> : (3-10)
@ Pmia 6199’

VLR A e 0 Peid REF 3R (S R o

7

H-RRPE- Pz e A FE 58 REFITIEF5BReiy
(2274345 2:) 5 RTD )2k (109 &b )2 4 30 i 2 & jpl =k 4 pER A T AL AL »
AL A c B39 A FHRAEY B¢ - BB G T RN

B e

323 REEH:2
F-RFHRTESAEF - LE P ORTDPIsEE A - 2 it jpap
Bl il anende 2 A R R P 2RI A AR FL S| g
TEVERR F BRRE I BAELE O8N0
P = X1, |Dyj — Ry (3-11)
Ho i plabdhsh (5 Biplabt - $hdkhsh 1 5~10055) 5 )5 eteibi (&
22743458 ) SRiZERFER P IR FIFE L Djs TAEJEY P22 T
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PREEL D Bt R R 2 PR TR R e R P AL 0 1R 3-10
ROl BREREY B L LSDRE A% - BRERIEYDLF 4L FPHIE
Z53(PF) CEREAY F2L5ARE A B - BREEEIALSL
EoEAG L upgtigde o AR NS BRREAGFLE B IR AEFLE

gt BL WERERR ES N S8 PBE SR THLIE R E

A2 3 AG Aot N o
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Station distribution

A RTD (109)

25°00' ;
A
24°30'
—  24°00'
=2
=. g
C -
= F |
% 23°30' 1f L4
7,
S
23°00'
22°30' =
22°00'

-
[

120°00' 120°30' 121°00' 121°30' 122°00

Longitude("E)

B 36 7 &5 %h Ri#dp i (RTD) Rlzpa#
(BP =d =495, £109:) > B 59 FIE S Palert 3+ 77 & & siip|

b (X 543 zkL) o
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AE+

inputl @ & ¥kik &4 AL A

-

input? : B3ER EIRALE 0 E AN KIS

L |

kIS L2 3 E B etk €

4

FI AR B EF @R R ANEA S F RS ERIE

NO T febifs
IE B A8

0<|Ty)-TLH =P
(EBF£)

SRS BB AR

|}

Mk fe bz 3t H B At

0<|TW'")-TL"H =P
(£BH£)

NO

B R

Bl 3-7 m k¢ 74 43 702 (Pseudo-bending method ) & & B if
(2 p Umand Thurber, 1987 )
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q(r,0,9)

91

B 3-8 i 37k &g PR A 18 ot R B (Koketsu and Sekine, 1997)

Source location: 119.00 21.00 15.000d
OCrder Lon. Lat. elv(m) £t
1|] 120.74 22.01 20.0000 33.148426
2|| 120.31 22.57 20.0000 34.188713
3|| 120.90 22.36 8.0000 37.626863
4|| 120.20 23.00 14.0000 38.379166
S|| 121.55 22.04 324.0000 42.868443
6[| 119.56 23.57 11.0000 43.036629
7|] 121.15 22.75 9.0000 43.659008
8[| 120.43 23.50 20.0000 45.969227
9]| 121.36 23.10 34.0000 48.973957
10| 120.81 23.51 2413.0001 49.016243

Bl 3-9 TR E 3¢ 4 bR
LN AT REREEE (SRR SFR) CBERN A TR L E
R AT RIETER (GR ~5R ~B42) § APEN A7 PR AP
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Real rank

Event
order sta.
1 D
2 A
3 C
4 G
5 I
6 B
7 J
8 E
9 H
10 F

B GEFF RE L REAE 2L F AT B2

search

—>

Database

i order sta.

1 A
2 B |
3 c |
4 D |
5 E |
6 F
7 G
'8 H
K o
103

——————————————————

iordcr sta.
1
02

wn
AT w0 > T mom

rorder sta.

Pl D
) A
13 G
4 C
|5 K
6 B
17 ]
8 B
19 H
110 F

________________

Rl 3-10 #2L30% 2 7 & Bl

FTORE  HFEEEUREELLIEIRFLA] A HED
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Yr¥E - -F1+%
41 % - /WA — ] FFP RIFELS

411 BEFERLE

dETA o BAEE T R 2T S A DA E PR LAk Bren
PEERAFFFINAITER TP AP ST R AT AR AL
AR LRI > AT AU RAEF Y S aPd R 2 58 (Wuetal, 2007 (5% 3-1) ;
Hsiao et al., 2010 (5% 3-2) ; Chen, 2014 (5% 3-3) ) - Bl 4-1 % f1* ‘GifrL 5|50
R RIS 2 Bt L VPAdE T B F i 2 BPAR R SN A D kel ®
(Mpg)2 @ & F % b 4+ BB S 0 2R = B 2N 93 8 2 BB P A
Bl g oo AN IRE R Fl R duE Ao 0 d PtPalert® N E AP p
WEY AR LA pd G o FIPEAS € G A BIFHI RDRIEE T
PRI S IR % o Bl R el S 0% e
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M, =4.748 + 1.371log(Pd) + 1.883log(R) +0.18 M., = 3.905 + 2.198log(Pd) + 2.703l0g(R) +0.43

12 s
. &5
12} Xx 1&< gx:%z
®xF = X
10/ B
¥

10 %

©
o
S 5

Pd

6f 1 6. 0”‘ o ]
- Stations , Y - Stations
4l Mean || al S Mean
2 _* Stacking sl ¢ Stacking
4 6 8 10 12 4 6 8 10 12
M, M,

M, = 5.000 + 1.102log(Pd) + 1.737log(R)

11 ‘
10 . %*gﬁ%
.
© 8- A
o
= o O
™o
6_
5 " - Stations |
44 Mean
¢ Stacking
g 4 6 8 10

M,

Bl4-1 r| IR (52 Mpg 27 & 5 % B b B P 452 1 ]
(A) #* Wuetal. (2007) (B) % * Hsiaoetal. (2010) (C) % * Chen (2014)#+
N2 Mpgek 23 S BP ARG LIS ARG EELFER 2 2 FIER

B4 RS I| NAEIT 2 £ s Mpg 04 2 H 5] T My B o
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42 % = WA —FpEEL PRSP R
421 FHEP LEHRIE (Self-simulation test)

Ford Rl B (109 2k) F 7 » B BAEF L H X A B LR RITED s
KT AT B TR E p BRI (Self-simulate test) & i * w0 B LR
B PFEERSAPEES TR B AAELRTHEY 1 BLEK &
ERE ROTUZEZPEREZIFY RERE > I P2 REFZVCHT
R gy e R BN AL E 0 FL BARS A r U B EROHF S R
HEAR S > 2 FAFFAARL c AFFREFEDHS L0 10 £~ 15 &

2 20 Ll ER 2 p PECREPIRE (R 4-2) 0 g REEHFA 60T

* 10 L2 BIEEER 0 TE G LS & o

422 ¥ REER

PeiE 2013 11 2 2014 £ R HEA 450 BIRER LT A5Km & i 2
48 By REE (£ 41) - BAFTHIZ PEAFAEI T2 TR A
WY L F gk TR B4R kit (RTD) 2 ¥ & § % b ¥ 2 P 4 (catalog)
Wi F R R BRBERY - M2 SRR RFERARASY L1 RFE B

S H ks BRI S 32 RTD ks @ik R ¢ AR TR eSS (F

4-3) o @m» RiEdF ks (RTD) 2 @ =8 L9 pF (real-time) 2 p & it g {7
BRI FAEAAREE S REE L 1R 6 EAT L (Wuetal, 1997,
2000)

APy RN TREFA PR TR R SRS L F R R
Pl fided 4-1 2 Bl 440 R TEE L 69kmERLEL 7T5kme 4pk
FREET O EY LA A I T2 BRI (2412 845) 0 H

BETHLELLS6kmyERTHELE S 6.LKkm(FE w2 T T AT ) e
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%41 R A

V.S. CATALOG V.S.RTD
No. | R iie FALE SALGE FRALG RLAE FRALE SARLE FRLE
1 2.47 8.16 0.00 2.22 1.68 10.15 0.22 1.67
2 4.37 0.67 4.05 2.22 9.09 1.77 8.17 3.97
3 2.41 4.14 1.43 2.00 3.00 1.65 2.67 1.37
4 3.98 13.39 3.07 2.22 3.84 16.54 3.47 1.65
5 9.17 5.00 9.20 1.11 4.88 0.32 4.28 2.35
6 0.29 0.00 0.00 0.00 3.75 2.00 3.29 1.80
7 1.44 8.04 2.36 0.74 4.96 5.88 4.83 1.13
8 8.75 3.57 1.02 8.90 9.59 17.37 3.59 8.90
9 10.44 1.98 2.03 10.01 9.61 9.52 1.10 9.54
10 5.93 0.54 2.03 5.56 9.02 13.61 6.53 6.23
11 7.45 14.62 7.17 3.34 3.09 16.68 2.54 1.76
12 1.93 17.08 0.00 2.22 0.79 10.23 0.12 0.78
13 2.17 12.09 1.11 2.22 5.53 18.52 4.03 3.78
14 1.93 5.90 2.03 0.00 4.75 11.20 4.32 1.96
15 7.05 3.02 6.12 3.34 12.78 3.94 12.13 4.04
16 6.54 7.13 2.04 6.62 71.22 1.85 4.14 5.91
17 5.25 5.97 0.00 5.56 12.14 6.00 10.41 6.25
18 473 5.08 5.09 1.11 6.92 0.75 6.91 0.30
19 3.56 7.14 2.04 2.22 12.55 8.19 12.33 2.80
20 6.56 7.07 6.11 3.34 11.51 6.81 0.33 0.35
21 9.43 9.70 9.16 2.22 3.90 7.31 11.50 0.85
22 14.81 10.92 15.24 1.11 17.70 4.33 17.63 1.16
23* 6.59 8.87 6.45 2.12 9.45 10.50 9.41 0.88
24* 8.79 3.18 5.08 6.67 9.16 6.87 2.18 8.90
25* 0.68 1.77 0.15 0.50 2.89 2.70 1.35 2.55
26* 5.92 8.35 6.05 0.00 4.32 15.59 0.03 4.32
27* 2.45 0.67 1.02 2.22 6.02 3.09 5.54 2.34
28* 1.98 2.46 2.03 0.00 0.62 2.88 0.47 0.41
29* 1.46 6.02 1.01 1.11 1.22 8.54 0.19 1.21
30* 7.65 3.73 8.12 0.00 6.72 3.64 6.31 2.32
31* 3.59 3.44 3.25 0.89 4.10 1.74 4.10 0.24
32 3.46 2.98 0.00 3.34 4.84 5.03 3.25 3.58
33 3.16 7.79 1.02 3.34 6.51 7.33 4.88 4.30
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34 2.15 0.43 2.05 0.00 6.16 2.23 4.70 3.98
35 1.64 0.67 0.00 111 1.23 0.04 0.96 0.78
36 10.89 7.16 10.17 3.34 12.58 10.87 12.58 0.28
37 8.29 1.64 6.12 5.56 11.12 2.79 9.97 4.93
38 3.35 3.45 3.05 0.00 7.78 3.70 7.50 2.08
39 1.86 5.74 2.05 0.00 1.38 4.33 0.51 1.28
40 1.53 -0.96 1.02 111 3.08 0.91 2.17 2.19
41* 2.88 9.98 0.00 3.34 8.73 9.66 8.67 1.00
42* 3.42 18.58 3.09 111 4.72 7.85 2.95 3.69
43* 28.38 1.49 27.56 4.89 26.36 12.24 26.27 2.19
44* 1.79 5.46 2.31 111 7.39 12.72 7.17 1.80
45% 13.69 18.00 10.66 8.12 6.09 28.39 5.56 2.50
46> 3.86 3.39 1.02 3.56 7.58 2.81 5.42 5.30
47* 14.94 13.36 15.13 1.11 8.91 3.11 8.86 0.98
48* 3.63 3.98 3.58 0.73 6.77 14.70 2.25 6.39
= 5.60 6.10 4.23 2.57 6.94 7.48 5.58 2.89

*EB AT ATALF R CEAZ P AFRFEHEY Z O

AT o
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5 stations

15 stations|s"

o, kL T
- a

B 4-2 FALE p ¥ HEiplE (Self-simulate test )

EREEEE S Ao A B N L2 BHEERE (n=5-10~15+20) o o7y denle
RBf 2 PRBHAR S A 7 HHGEL EAR R OB N2 TR L

mE o EY A 10 L2 RIEPERETT G AF 2R REAR
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A RTD (109)]
e SP(66)
m BB (30)

25°00'

24°30'

24°00'

23°30'

23°00'

22°30'

22°00'

120°00" 120°30" 121°00° 121°30" 122°00'

B 4-3 & 3 ERLP| A
B¢ 2wz 8755 RTDRlsb > 4o d = 255 ¢ TR 2ok (BATS) -

BRI E Y L F hREEY e R (S13) o
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This study V.S. RTD

26

O This study
RTD

25

N
N

Latitude(N)

N
w

22

N
o
HENEEEEEE NN R

Depth(km)

Average Difference : 7.5 £ 6 km

60 IIIIIIIllIIllIIllIIIIIIIIIIIIIIIIIIIIII
119 120 121 122 123

Longitude(E)

Bl 4-4 2% % (RTD)
(A) sy ZEF A2 2L L@ 5 6.9km (£ 47km)

(B) =% %8 p R k2 JFR L@ 5 7.5km (+ 6.0km)
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This study V.S. CWB

26

O  This study
CWB

25

N
N

Latitude(N)

N
w

22

O—
€ 20—
= N
= -
‘g N
Q40—_
] Average Difference : 6.1 + 4.9 km
60 IIIIIIIIIIII!IIIIIIIIIIIIIIIIIIIIIIIIII
119 120 121 122 123
Longitude(E)

B 4-5 %_i= % %t (Catalog)
(A) T fd L g ohy RIS RLALEL 56km (£ 5.0km)

(B) 2i%%8° 4 g by RP&2FRLEL 6.1km (£ 49km)
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¥IF W
51% - 84 — | R B EFLIN L %0

5.1.1 22 834 sz fy

BERALVHFR  AFEERFTLIIVRE SR F 7 28 4T
PR L G2 R5E > a5 Pd R REELN (N51) Far:

M., =a+bxlog(Pd)+cxlog(R) (5-1)

Glcb 5 RBOE > B RRIRET PR  hllcc R By RADBILIE
By B o Tt ThBcb s CRPIEF R R BB T NP E RS oW
AR R 2K B . jﬁiff‘ﬁﬂta K3 IEE RS

My gl BESB L R GARELFFLEIE] (RIS1) » B

BE5 4B 53> BN 4o 5-2( F p53-1) 58 5-3(2E p st 3-2)
54 (2 ps33) B (SDV) #FIAJE 028 3] 042 2 F »

>

WP RIFER ke AR FEnEE

My = 3.479+1.370x log(Pd) +1.883x log(R) + 0.28 (5-2)
M, = 2.852+2.198x log(Pd) + 2.703x log(R) + 0.42 (5-3)
M oy =3.452+1.102 x log(Pd) +1.737 x log(R) + 0.31 (5-4)

= "f‘fé%w{m’ Nt 0 BB D15z BPARR A R A E ) & e

-t

MpgEE2 P & 5 % B B P 402 v =B (B 5-2) ’@““f”ﬁ'éfiﬁwiﬁl\ﬂpd

—\

Bk b gAY KSR AT £ 2 Mpg i~ T 35 Mpg B o e

B ot ek 2 A TR Bkl 2 R AR L (A5

028-042 % 031 BHRfHE =) m Hd x mig i p Wuetal (2007)2. = 3¢ (¢

5-2) F ¥ do| PRI L -
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512  pAjdpdeid R d 4k
d % 517 AT fpie2 {5l Ajsurkt (Signal to Noise Ratio)

B dp s g bk AUkt 2 8T 00 0 2 g 24T (12 2013 # 02 0 21
B RATAS HE B D bl ST o e 5 AU B B 8 % 3 & sk dp e B 3

B2 R FApRARS (B5-3) > i s 5 leis o 30 RAs

A

3y

Erh2 FRRL o R AR o

% 5-1~ &% 2wkt (S/Nratio) - i 4

Station 1|Station 2 |Station 3|Station 4|Station 5| Mean | Stack
18.97 9.73 19.68 16.49 16.32 16.24 20.70
9.65 4.75 8.07 8.68 12.72 8.77 10.33
11.07 12.59 12.09 7.11 10.81 10.73 15.82
33.86 23.86 32.65 34.76 35.52 32.13 35.63
9.56 5.64 10.65 10.01 13.12 9.80 13.02
17.23 15.34 19.60 18.31 16.94 17.48 19.71
12.25 17.43 13.20 Pl 0.00 13.91 18.17
13.86 6.11 10.16 11.35 0.00 10.37 11.38
17.01 13.48 13.83 15.34 21.05 16.14 23.16
19.67 18.18 23.25 19.22 22.25 20.52 20.42
27.90 25.14 28.58 0.00 0.00 27.21 29.28
13.70 18.33 21.16 22.18 0.00 18.84 25.03
20.40 17.43 20.41 19.05 22.64 19.99 22.83
10.25 7.09 11.14 8.26 10.45 9.44 11.21
20.35 10.26 22.44 20.05 20.25 18.67 23.68
19.16 26.68 22.71 12.74 18.05 19.87 20.16
12.21 18.43 10.20 8.13 8.69 11.53 12.82
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3mm— T 77 7 T

m— \Vu, 6=1.269, SDV=0.28
Hsiao, 6=1.053, SDV=0.42

— Chen, 8=1.548, SDV=0.31

25}

SDV

B 5-1 @0 % feaf 3 S RS i S L R
Bz Bm AN Z PARRONTRIEEERBGE (5510 E) B3

BB B LG Pl E] o T @R AT BT B4 A7enPd R RSN
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M, = 3.479 + 1.371log(Pd) + 1.883log(R) #0.28
Qe T

x % A
¢

{ &) x A |

8 ot : 10} ;§g§ . ]
* .4.’ ’»"‘;/‘ ‘ﬁ( - , |

¥ g i

M, = 2.852 + 2.198log(Pd) + 2.703I0g(R) #0.42

7 ,; ., | £, - |
5t 40’:.?*. ] 6 ”” ]

. - Stations .4 < Stations |
a4 o Mean - al —~ ’ ¢ Mean |
‘ ¢ Stacking e ¢ Stacking |

3 4 5 6 7 8 Y 10 4 6 8 10 12

MPd
(o2}
3

M, = 3.452 + 1.102log(Pd) + 1.737log(R) #0.31

MPG’
[ee]
¥
X
N

- Stations
Mean
+ Stacking

4 6 8 10

M.

W B o @ N
@,

B 5-2 2 K,fzéﬁ#ész),@%éiMpdﬁ Pk kA R 2 VR
(A) 2 :zp Wuetal. (2007) (B) 2 :z p Hsiaoetal. (2010) (C) 2 :z p Chen
(2014) 7 12 Mpg sk 5% S BlP G L1& - MG iRE L R 2

FIB 547 A S 7|25 2B 2. & PIEMpg (B 12 2 H 5 T $5Mpy (B o
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30

— Individual |
—Stacking !

2013/02/21 M 4.8

Stacking
20r Individual | |

Acc.(gal)
Spectral Amplitude
=)

20

130 131 160 1(')1
f, Hz

3928 127 8 129
Time(sec)

Bl 5-3 A 477 4 B
122013 # 02 7 21 p o RHCA8 F A BT B R L] Bl 2
Pk 2 A BRI BRI LAEL TS

AR Tl e (8 AUELa R BAp ARE T B K] 3 L Rlbdp e @ R ) 5 R
2
(g

SR S ST SR R

B2% - MA —FREAPFAESM B2 EEES

521 p P HELRAH

75



EEORE R LAERGE (B14-2) ¢ 7 g AR TR AERA

AT s BRI R T A X FlREE A F 478288 > v d Voronoi cells (Sambridge,

1999) 2 PR 4 kS o H kit R RIS T OB A G2 B Rl
FE_ KA Bplxbnt LA - B 5 #3548 (T Voronoicell) 0 @ A%

B A o R 2RI EE AW RT] > B 54 51 RTD plabs # 97ig W2
Voronoi cells & @ f> v 12 “Fl I whia e % G - ke Sk Voronoi cell 2

oo

522 Zi~%% A

d %5252 B55F NHER AFFEA KNS U e SR E FRTFLE
Wi AFRDETFLAEPR ISR ZRAE T fii“ﬂ‘v\##@ﬁ*ﬁ
Fro2md RERFL LAY - DR RF B 2 REA

de b L LR R EH Y s Rl RIS A AT o T e B

EARRE T W AR PRFZREEERs A e LT o RPIER
Ed a0l $SLFRMLCLEEPE IR ERL WL B

3
g2 o drB56(A) AFFTEY L F AP RAISVRT > CRLAES
FRABAZABRE S ZP RTED L LR REATE (SR LE246km- 5
BAE49km; & 4-1> %% 43 ~2014/09/10 ~ 5447~ 2 >0 8 fFiTis ) o
AWS6(B)RALRE 2 REEHL Ll FREATE (SARLE:00
m-~ %A £ E:00km; % 4-1> %% 6~2013/03/07 ~ 2L}-5.9~ i % +ki%)
FOLFERFRIEE S TR B EFRAFr RS AGRE FR AL T
Febod 25284 4k RECRARLE BRFARZ TL B}
AMEPR 2P REE RFLFL B2 REERRRESF G AW L
i

F i S S E TR RIS N L SLE
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5.2.3 3 B mE it
AEET W FE R E N R RR AL R RERY o
B BRI HE > TEFRIRIEE > LR RS PN R ERTT D

- L ER O BEFRRE T PETEAFEIS RTZZIER T

T

R AEE R LRI BREE A AT EY 2B BE Y > B Lplak T
PR g s 45 22 (B 5-7) o Palert 3¢ & & suipl=b 4 % % & X 5 RTD Rlk A
AR5 R (M3-6)  Palert g & ki) 22 Rl R A2 RESF A kFE
- P AR R 3R 0% 40~ Palert 3+ B ik 5L o 2 Palert 3+ 2 5F # LR

.?:}%;i;\;’.,gf#,zfgjv,rwg»snfx;fiﬁig}g,J,‘wﬁﬁﬁj BRIPED

# 52~ TimA BV i

1o s e 4 sn Inland Offershore

R =F WA 4 R (km) (km)
oy Catalog 5.06 6.57
al RTD 6.87 7.12
e Catalog 5.87 6.63
R RTD 6.83 8.65
< B Catalog 3.44 5.68

- RTD 5.52 5.69
- Catalog 2.78 2.21
RTD 2.97 2.76
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(a) This study V.S. Catalog

BMLlon.:42+51km = ]
14 1 Lat.:2.6+2.5km 1

12 1

10 o . .

Difference (km)

0 5 10 15 20 25 30 35 40 45
No.

(b) This study V.S. RTD

16 rTTTTTTTTT T T T T T T T T T T T T T
MLlon.:56£5.0km = [ ]
14 ] Lat.:2.9+2 4 km T
12 1 1
IS "
X 107 o - 1
o = =
g 8 a m] 4
@ »
| -
(0] = a”
L = = n J
= 6 o u] - o
O a L o
4rm 1
. o o o w00 O, O om
o (H0gH " anO0gm WOO Og ] ] o 4
.DEI. ] m] o .iD.D iDD.DD
OM@E%MM—LL

BI55GRZ2 TR TTLEVR
AU R EREFRTELE () AFETEY L F RS RPHLERT
PALEL 42 £+ 51km-FRTELEL 26 £+ 25km (b) 477 &2 RTD %

Bz gRTIELE556+50kmFRITHLIES 29 + 24Km
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; U RTD Station
4|® Firstten Arrival
] |* Epicenter

245
] *
1
B ".
235 -'ﬁ :
*
1 .=
225
25 50
km
21.5 —epepepe—p—p——r—— T T B
119.5 120.5 121.5 122.5
255

J© RTD Station
1™ Firstten Arrival

1* Epicenter
24.5—
2354
T
1 =
22,5 -
25 50
km
21.5 —[=r—rr—rrr—r=r-r T T T TTrTrrTr-T
119.5 1205 1215 122.5

(A) SRAEfrFRLIE > L2 & 20 REED L LFREL T B
(% 4-1> %% 43 ~ 2014/09/10 ~ 2B 4.7 ~ 3 4 30 % fFiTis )

(B) SALZE o ALE LR |25 RE R 5L 4705 pA T

(% 4-1- %% 6~ 2014/03/07 ~ 3LH-5.9 ~ 3 4 »0 {28 % k%)

80



Epicenter Distance (km)
W & [8)] D ~ co
o o o o o o

N
o

-
o

—13

(0os) awl] |aABI |

|
[ ]
I
= N W s OO N @

Average Distance : 45+9.3km —
IIII|IIII|IIII|IIII|IIII|IIII

4.0 4.5 5.0 5.5 6.0 6.5 7.0
M,

BI57 £ ¥ RE PSS 22 PR e
IPES - L2 Pl TIOR AR A5 2L o Ap gt PR A 754 (K

P 3 B2 ki 5 6.0km/s)

81



AFPTAWRBIFEAHA > L2 v Ry RIPELS] - FiELS
PR TG kA zﬁ‘-r[/r'r'%rr ; T3 TL*;‘Q%L’” 1S o "‘)L“‘“ﬁjﬁ Hag

cAREE RELSZ PDd R 0 BRI RER BRI R L G

BRI AR - BIATORE T T Roe e [ wpE 4]
R RTEZ ) B 60 S8 T2 R REEHAIZ pid 3T MG P
% (Pseudo-bending method ) » @& A P2+ 8 { HFxr > ¥ BB % {HE o

A BA e Biean BAAPIEACE  FE A ETHE
F-LFP RS  WHFRRELS TAHLTE TERPIREBL FE RS T

m &
CEAR FEATL LS BT B LRI AL R

82



342

Alcik, Hakan, Ozel, Oguz, Wu, Yih-Min, Ozel, Nurcan M., and Erdik, Mustafa
(2011). An alternative approach for the Istanbul earthquake early warning
system. Soil Dynamics and Earthquake Engineering, 31, pp. 181-187.

Allen, Rex V (1978). Automatic earthquake recognition and timing from single
traces. Bulletin of the Seismological Society of America, 68, pp. 1521-1532.

Allen, Richard M (2004). Rapid magnitude determination for earthquake early
warning. The many facets of seismic risk, pp. 15-24.

Allen, R. M., P. Gasparini , O. Kamigaichi, and M. Bdse (2009), The status of
earthquake early warning around the world: an introductory overview,
Seismological Research Letters, 80, 682—-693, doi:10.1785/gssrl.80.5.682.

Allen, Richard M, and Kanamori, Hiroo (2003). The potential for earthquake early
warning in southern California. Science, 300, pp. 786-789.

Aoi, Shin, Kunugi, Takashi, Nakamura, H, and Fujiwara, Hiroyuki (2011).
Deployment of New Strong Motion Seismographs of K-NETK-NET and
KiK-net. Earthquake Data in Engineering Seismology. Springer, pp. 167-186.

Bakun, William H, Fischer, Fg, Jensen, Eg, and Vanschaack, J (1994). Early

warning system for aftershocks. Bulletin of the Seismological Society of

83



America, 84, pp. 359-365.

Brune, James N (1979). Implications of earthquake triggering and rupture
propagation for earthquake prediction based on premonitory phenomena.
Journal of Geophysical Research: Solid Earth (1978 -2012), 84, pp.
2195-2198.

Chen, D. Y., Hsiao, N. C., & Wu, Y. M. (2015). The Earthworm Based Earthquake
Alarm Reporting System in Taiwan. Bulletin of the Seismological Society of
America, doi:10.1785/0120140147.

Chung, Jk, Lee, Whk, and Shin, Tc (1995). A prototype earthquake warning system
in Taiwan: Operation and results. IUGG, IASPEI XXI General Assembly,
Abstract Week A, 406.

Cooper, Jd, 1868, San Francisco Daily Evening Bulletin. November, 3, p. 1868.

Ellsworth, William L, and Beroza, Gregory C (1998). Observation of the seismic
nucleation phase in the Ridgecrest, California, earthquake sequence.
Geophysical Research Letters, 25, pp. 401-404.

Ellsworth, WI, and Beroza, Gc (1995). Seismic evidence for an earthquake
nucleation phase. Science, 268, pp. 851-855.

Espinosa-Aranda, Juan Manuel, Jimenez, A, Ibarrola, G, Alcantar, F, Aguilar, A,

84



Inostroza, M, and Maldonado, S (1995). Mexico City seismic alert system.
Seismological Research Letters, 66, pp. 42-53.

Espinosa-Aranda, Juan Manuel, Jimenez, A, Ibarrola, G, Alcantar, F, Aguilar, A,
Inostroza, M, Maldonado, S, and Higareda, R (2003). The seismic alert system
in Mexico City and the school prevention program. Early Warning Systems for
Natural Disaster Reduction. Springer, pp. 441-446.

Geiger, L. (1912). Probability method for thedetermination of earthquake epicenters
from the arrival time only (translated from Geiger's 1910 German article),
Bulletin of St. Louis University, 8(1), 56-71.

Heaton, Thomas H (1985). A model for a seismic computerized alert network.
Science, 228, pp. 987-990.

Hisada, Yoshiaki, and Bielak, Jacobo (2003). A theoretical method for computing
near-fault ground motions in layered half-spaces considering static offset due
to surface faulting, with a physical interpretation of fling step and rupture
directivity. Bulletin of the Seismological Society of America, 93, pp. 86
1154-1168.

Horiuchi, Shigeki, Negishi, Hiroaki, Abe, Kana, Kamimura, Aya, and Fujinawa,

Yukio (2005). An automatic processing system for broadcasting earthquake

85



alarms. Bulletin of the Seismological Society of America, 95, pp. 708-718.

Holland, A. (2003), Earthquake Data Recorded by the MEMS Accelerometer,
Seismological Research Letters, 74, 20-26, doi:10.1785/gssrl.74.1.20.

Hsiao, N. C., Y. M. Wu, T. C. Shin, L. Zhao, and T. L. Teng (2009), Development of
earthquake early warning system in Taiwan, Geophysical research letters, 36,
d0i:10.1029/2008GL036596.

Hsiao, N. C., Y. M. Wu, L. Zhao, D. Y. Chen, W. T. Huang, K. H. Kuo, and P. L.
Leu (2011), A new prototype system for earthquake early warning in
Taiwan, Soil Dynamics and Earthquake Engineering, 31, 201-208,
doi:10.1016/j.s0ildyn.2010.01.008.

Huang, H. H., Wu, Y. M., Song, X., Chang, C. H., Lee, S. J., Chang, T. M., & Hsieh,
H. H. (2014). Joint Vp and Vs tomography of Taiwan: Implications for
subduction-collision orogeny. Earth and Planetary Science Letters, 392,
177-191, doi:10.1016/j.epsl.2014.02.026.

Johnson C.E., Bittenbinder A., Bogaert B., Dietz L., Kohler W. (1995), EW: a

flexible approach to seismic network processing, IRIS Newslett, 14 (2) ,pp. 1 -

Kanamori, Hiroo, Hauksson, Egill, and Heaton, Thomas (1997). Real-time

86


http://dx.doi.org/10.1016/j.epsl.2014.02.026�

seismology and earthquake hazard mitigation. Nature, 390, pp. 461-464.

Kanamori, H., Maechling, P., & Hauksson, E. (1999). Continuous monitoring of
ground-motion parameters. Bulletin of the Seismological Society of
America,89(1), 311-316.

Kamigaichi, Osamu (2004). JMA earthquake early warning. Journal of Japan
Association for Earthquake Engineering, 4, pp. 134-137.

Kanamori, Hiroo (2005). Real-time seismology and earthquake damage mitigation.
Annu. Rev. Earth Planet. Sci., 33, pp. 195-214.

Kilb, D, and Gomberg, J (1999). The initial subevent of the 1994 Northridge,
California, earthquake: Is earthquake size predictable? Journal of seismology, 3,
pp. 409-420.

Koketsu, K., & Sekine, S. (1998). Pseudo-bending method for three-dimensional
seismic ray tracing in a spherical earth with discontinuities.Geophysical
Journal International, 132(2), 339-346,
doi: 10.1046/j.1365-246x.1998.00427 .x

Lee, W. H. K. and J. C. Lahr (1972). HYPO71: A computer program for determining
hypocenter, magnitude, and first motion pattern of local earthquakes, Open

File Report, U. S. Geological Survey, 100 pp.

87



Lee, W. H. K. and J. C. Lahr (1975). HYPO71 (Revised): A computer program for
determining hypocenter, magnitude, and first motion pattern of local
earthquakes, U. S. Geological Survey Open File Report 75-311, 113 pp.

Lee, Whk, Shin, Tc, and Teng, Tl (1996). Design and implementation of earthquake
early warning systems in Taiwan. Proc

Lee, W. H. K. and Y. M. Wu (2009), Earthquake monitoring and early warning
systems, in Encyclopedia of complexity and systems science, R. A. Meyers
(Editor), 11 volumes, Springer, New York, 10370 pp.

Lin, T. L. and Y. M. Wu (2010a), Magnitude determination using strong
groun-motion attenuation in earthquake early warning, Geophysical Research
Letters, 37, doi:10.1029/2010GL042502.

Lin, T. L. and Y. M. Wu (2010b), Magnitude estimation using the covered areas of
strong ground motion in earthquake early warning, Geophysical Research
Letters, 37, doi:10.1029/2010GL042797.

Lin, T. L., Y. M. Wu, D. Y. Chen, N. C. Hsiao, and C. H. Chang (2011), Magnitude
estimations in earthquake early warning for the 2010 JiaSian, Taiwan,
earthquake, Seismological Research Letters, v. 82, no. 2, pp. 201-206,

doi:10.1785/0120100153.

88



Nakamura, Y (1989). Earthquake alarm system for Japan railways. Japanese
Railway Engineering, pp. 1-7.

Nakamura, Y, and Tucker, Brian E (1988). Japan's Earthquake Warning System:
Should it be Imported to California?, National Emergency Training Center.

Nakamura, Yutaka (1988). On the urgent earthquake detection and alarm system
(UrEDAS). Proc. of the 9th World Conference on Earthquake Engineering. pp.
673-678.

Nakamura, Yutaka (2004). UrEDAS, urgent earthquake detection and alarm system,
now and future. Proceedings of the 13th world conference on earthquake
engineering.

Nakamura, Yutaka, Saita, Jun, and Sato, Tsutomu (2011). On an earthquake early
warning system (EEW) and its applications. Soil Dynamics and Earthquake
Engineering, 31, pp. 127-136.

Odaka, Toshikazu, Ashiya, Kimitoshi, Tsukada, Shin'ya, Sato, Shinji, Ohtake,
Kazuo, and Nozaka, Daisuke (2003). A new method of quickly estimating 88
epicentral distance and magnitude from a single seismic record. Bulletin of the
Seismological Society of America, 93, pp. 526-532.

Olson, Erik L, and Allen, Richard M (2005). The deterministic nature of earthquake

89



rupture. Nature, 438, pp. 212-215.

Sato, Tamao, and Hirasawa, Tomowo (1973). Body wave spectra from propagating
shear cracks. Journal of Physics of the Earth, 21, pp. 415-431.

Sambridge, Malcolm (1999). Geophysical inversion with a neighbourhood
algorithm—I. Searching a parameter space. Geophysical Journal International,
138, pp. 479-494.

Satriano, C., Y. M. Wu, A. Zollo, and H. Kanamori (2011), Earthquake early
warning: Concepts, methods and physical grounds, Soil Dynamics and
Earthquake Engineering, 31, 106-118, doi:10.1016/j.s0ildyn.2010.07.007.

Shieh, Jang-Tian, Wu, Yih-Min, and Allen, Richard M. (2008). A comparison
oftcandtpmaxfor magnitude estimation in earthquake early warning.
Geophysical Research Letters, 35.

Shin, Tc, Tsai, Yb, and Wu, Ym (1996). Rapid response of large earthquakes in
Taiwan using a real-time telemetered network of digital accelerographs. Proc.
11th World Conf. Earthg. Eng., Paper.

Um, J., & Thurber, C. (1987). A fast algorithm for two-point seismic ray
tracing.Bulletin of the Seismological Society of America, 77(3), 972-986.

Teng, Ta-Liang, Wu, Ludan, Shin, Tzay-Chyn, Tsai, Yi-Ben, and Lee, William Hk

90



(1997). One minute after: strong-motion map, effective epicenter, and effective
magnitude. Bulletin of the Seismological Society of America, 87, pp.
1209-1219.

Tsukada, S, Odaka, T, Ashiya, K, Ohtake, K, and Zozaka, D (2004). Analysis of the
envelope waveform of the initial part of P-waves and its application to quickly
estimating the epicentral distance and magnitude. Zisin, 56, pp. 89 351-361.

Wald, David J, Quitoriano, Vincent, Heaton, Thomas H, and Kanamori, Hiroo
(1999). Relationships between peak ground acceleration, peak ground velocity,
and modified Mercalli intensity in California. Earthquake spectra, 15, pp.
557-564.

Wu, Y. M., T. C. Shin, C. C. Chen, Y. B. Tsai, W. H. K. Lee, and T. L. Teng (1997),
Taiwan rapid earthquake information release system, Seismological Research
Letters, 68, 931-943, doi:10.1785/gssrl.68.6.931.

Wessel, P. and W. H. F. Smith (1998), New improved version of Generic
Mapping Tools released, Eos Trans. AGU, 79, 579, doi:10.1029/98EO00426.

Wu, Y. M., W. H. K. Lee, C. C. Chen, T. C. Shin, T. L. Teng, and Y. B. Tsai (2000),
Performance of the Taiwan rapid earthquake information release system (RTD)

during the 1999 Chi-Chi (Taiwan) earthquake, Seismological Research

91



Letters, 71, 338-343, doi:10.1785/gssrl.71.3.338.

Wu, Y. M and T. L. Teng (2002), A virtual subnetwork approach to earthquake early
warning, Bulletin of the Seismological Society of America, 92, 2008-2018,
doi:10.1785/0120010217.

Wu, Y. M.and H. Kanamori (2005a), Experiment on an onsite early warning method
for the Taiwan early warning system, Bulletin of the Seismological Society of
America, 95, 347-353, doi:10.1785/0120040097

Wu, Y. M. and H. Kanamori (2005b), Rapid assessment of damage potential of
earthquakes in Taiwan from the beginning of P-waves, Bulletin of the
Seismological Society of America, 95, 1181-1185, doi:10.1785/0120040193.

Wu, Y. M. and L. Zhao (2006), Magnitude estimation using the first three seconds P
-wave amplitude in earthquake early warning, Geophysical Research
Letters, 33, doi:10.1029/2006GL026871.

Wu, Y. M., H. Kanamori, R. M. Allen, and E. Hauksson (2007), Determination of
earthquake early warning parameters, tc and Pd, for southern California,
Geophysical Journal International, 170, 711-717,
doi:10.1111/j.1365-246X.2007.03430.x.

Wu, Y. M. and H. Kanamori (2008a), Development of an earthquake early warning

92



system using real-time strong motion signals, Sensors, 8, 1-9,
doi:10.3390/s8010001.

Wu, Y. M. and H. Kanamori (2008b), Exploring the feasibility of on-site earthquake
early warning using close-in records of the 2007 Noto Hanto earthquake, Earth
Planets and Space, 60, 155.

Wu, Y. M., D. Y. Chen, T. L. Lin, C. Y. Hsieh, T. L. Chin, W. Y. Chang, W. S. Li,
and S. H. Ker (2013), A high density seismic network for earthquake early
warning in Taiwan based on low cost sensors, Seismological Research
Letters, 84, no. 6, 1048-1054, doi:10.1785/0220130085.

Wu, Y. M. and T. L. Lin (2014), A test of earthquake early warning system using
low cost accelerometer in Hualien, Taiwan, Early Warning for Geological
Disasters (pp. 253-261). Springer Berlin Heidelberg.

Yamada, Masumi, and Mori, Jim (2009). Using tc to estimate magnitude for
earthquake early warning and effects of near - field terms. Journal of
Geophysical Research: Solid Earth (1978 -2012), 114.

Zollo, Aldo, Amoroso, Ortensia, Lancieri, Maria, Wu, Yih-Min, and Kanamori,
Hiroo (2010). A threshold-based earthquake early warning using dense

accelerometer networks. Geophysical Journal International, 183, pp. 963-974.

93


http://dx.doi.org/10.3390/s8010001�

Fa x> 1999 3 BRAp M E AN FE - SBE% 7 L A ek

FREE 02013 I =P L EAR B Y e s RELR] K S H AR RAFE
2 > WA EE TREFT R 2k 0 2 107 F oo
B2 AL 20070 5T pEsE B B BRI BIEE 2 5t o ¢ 4 X B P gk e gn g

i EeHme 0 £ 118 F

B

ZAES TR~ F b 02000 S R RER AN ZFE O F AERS

45 % > %4 % - 1-15 F -

94



W4k~ FPalert 3¢ FE& i Suplzb o #

LA+ % K Ek X SR =R AL | T EER
("N) ("E) (m)

LOO01 < B 1 22.98 120.25 31 2012/8/31
L002 AT R 1 23.02 120.25 41 2012/8/31
LO03 ~ R 1 23.02 120.20 39 2012/8/31
LOO04 ATE R | 1 22.98 120.20 31 2012/8/31
LO0S SRR 1 23.00 120.22 31 2012/8/31
LO10 Wit B | 3 22.65 120.52 26 2014/3/25
LO11 LA R 2 22.59 120.49 16 2014/3/25
LO12 PR 2 22.61 120.61 87 2014/4/8
LO13 WARE ] il 22.20 120.71 55.8 2014/4/1
LO14 R B | 1 22.47 120.55 8.2 2014/4/1
LO15 R 2 22.78 120.52 43.2 2014/4/1
LO16 % o B 1 22.74 120.73 841 2014/4/3
LO17 FrE B 1 22.52 120.45 5.5 2014/4/3
L020 e 1 22.72 120.44 46 2014/3/25
L021 T ARE ] 1 23.15 120.63 | 438.6 2014/4/2
L022 L o 1 22.63 120.32 8 2014/4/2
L023 AR 1 22.89 120.24 13.4 2014/4/8
L024 ™ B 1 22.80 120.30 8 2014/417
LO025 AR 1 22.61 120.40 35.3 2014/417
w001 Z AR 1 23.43 121.35 96 2011/417
w002 P ESRE] 2 23.99 121.63 44 2011/3/29
WO003 AR ] 2 23.84 12151 70 2011/3/31
WO004 =R 1 23.41 121.32 134 2011/417
WO005 <R 2 23.66 121.42 131 2011/4/6
WO006 EE R 2 23.90 121.53 67 2011/3/30
WO007 = TR 2 24.10 121.61 26 2011/3/28
WO008 x EF) 1 23.94 121.58 47 2011/3/30
WO009 WE R 1 23.49 121.39 85 2011/417

95




WOO0A <~ ER) 2 23.75 121.47 99 2011/3/31
W00B B 2R 1 24.05 121.61 35 2011/3/29
WO00C FER] 2 23.87 12151 63 2011/3/30
WO00D T R 1 23.82 121.47 116 2011/3/31
WOOE mER ] 2 24.01 121.62 30 2011/3/29
WOOF AR 1 23.98 121.62 23 2011/3/29
WO010 ES B 1 23.34 121.31 213 2011/417
w011 RTE B/ 1 24.13 121.65 54 2011/3/28
W012 F R 1 24.21 121.48 955 2011/3/28
w013 i F* B -] 1 23.97 121.49 180 2011/3/30
W014 % HE) 2 24.12 121.62 62 2011/4/13
WO015 AR 1 23.71 121.41 111 2011/4/6
WO016 <% Rl 1 23.61 121.39 185 2011/4/6
WO017 + £ R 1 23.50 121.45 150 2011/4/12
WO018 Sl i 2 23.47 121.50 26 2011/4/12
WO019 L 2R I 23.30 121.27 213 2011/4/8
WO1A L7 F) 1 23.21 121.28 248 2011/4/8
WO01B =i B/l ! 23.46 121.50 86 2011/4/12
WO01C ® 7 B 1 23.38 121.36 240 2011/4/12
WO01D kR 2 23.78 121.56 41 2011/4/13
WO1E 5P R 1 23.45 121.39 121 2011/4/12
WO1F B 2] 1 23.17 121.25 253 2011/4/8
w020 TR 1. 23.28 121.32 194 2011/4/12
w021 FTALB | 1 23.65 121.54 26 2011/4/13
w022 P B 1 23.87 121.56 33 2011/4/13
W031 R 2 24.33 121.74 56 2012/1/9
W032 &5 B] 1 24.47 121.78 46 2012/1/9
WO033 Bk 2 24.60 121.53 336 2012/1/16
WO034 < JER) 1 24.94 121.89 14 2012/1/19
WO035 =~ R 1 24.68 121.61 111 2012/1/13
WO036 HIER] 2 24.82 121.77 28 2012/1/18
w037 ZA2R) 1 24.67 121.65 110 2012/1/13
WO038 LER 1 24.52 121.83 26 2012/1/10
W039 Ef 33 H ) 1 24.86 121.83 80 2012/1/19
WO03A FIE R 1 24.67 121.83 12 2012/1/11

96




w03B 1 24.70 121.81 7 2012/1/11
WO03C 1 24.63 121.79 4 2012/1/12
WO03D 1 24.45 121.78 41 2012/1/9
WO3E 1 24.47 121.80 50 2012/1/10
WO040 2 24.61 121.69 159 2012/1/12
W041 1 24.68 121.76 41 2011/4/19
W042 1 24.75 121.75 24 2011/4/19
w043 1 24.49 121.43 875 2012/1/16
W044 1 24.76 121.81 5 2012/1/18
W045 1 24.83 121.82 23 2012/1/19
WO046 1 24.78 121.74 13 2012/1/17
WO047 2 24.44 121.38 1151 2012/1/16
w048 1 24.58 121.87 50 2012/1/10
W049 1 24.72 121.76 15 2012/1/17
WO4A 1 24.67 121.71 52 2012/1/12
Wo04B 1 24.97 121.93 98 2012/1/19
W04C 1 24.74 121.79 6 2012/1/18
wo04D 1 24.75 121.75 19 2012/1/17
WO4E 2 24.62 121.83 21 2012/1/11
WO4F 1 24.59 121.84 13 | 2012/3/21-30
WO051 1 22.88 120.66 269 2011/3/7
W052 2 22.97 120.54 189 2011/3/10
WO053 1. 23.18 120.78 622 2011/3/9
W054 1 23.08 120.59 603 2011/3/10
WO055 1 22.88 120.53 141 2011/3/7
WO056 1 23.16 120.77 620 2011/3/9
WO057 1 2291 120.72 267 2011/3/7
W059 1 23.00 120.63 267 2011/3/8
WO5A 1 23.03 120.66 297 2011/3/8
WO05B 1 22.89 120.58 141 2011/3/7
WO05C 1 23.11 120.70 368 2013/7/30
WO05D 1 23.25 120.82 780 2011/3/9
WOSE 1 22.78 120.41 89 2013/8/6
WOSF 1 22.73 120.35 43 2011/11/2
WO060 22.66 120.36 31 2011/11/2

97




WO061 B R 1 22.92 120.45 70 2013/7/31
W062 W R 1 22.74 120.33 43 2011/11/2
WO063 & ) 1 22.80 120.37 56 2011/11/2
WO064 =R 1 22.70 120.35 46 2011/11/2
WO071 ¥R 1 23.98 120.69 205 2011/5/6
WQ072 BRG] | 1 23.93 120.99 927 2011/5/3
WO073 TR ]| 2 23.64 120.87 780 2011/5/10
w074 R AL B /] 1 23.84 120.90 745 2011/5/4
WO075 1 23.56 120.93 1152 2011/5/10
WO076 2 23.97 121.11 930 2011/5/3
WOQ77 1 23.77 120.71 188 2011/5/11
w078 1 23.79 120.94 393 2011/5/4
w079 2 23.89 120.89 189 2011/5/12
WO7A 2 23.74 120.77 552 2011/5/11
WO07B 1 23.78 120.86 392 2011/5/5
WQ07C 2 23.94 120.93 491 2011/5/4
wo07D 1 24.12 121.16 983 2011/5/2
WO7E 4 23.94 120.70 182 2011/5/6
WO7F 2 23.92 121.05 728 2011/5/3
w080 1 23.65 120.66 243 2011/5/9
w081 2 23.71 120.65 119 2011/5/9
w082 2 23.71 120.87 731 2011/5/10
w083 2 24.09 121.22 1466 2011/5/2
w084 1 23.89 120.97 663 2011/5/4
WO085 1 23.93 120.69 106 2011/5/12
W086 2 23.53 120.86 1197 2011/5/11
W087 1 23.59 120.89 780 2011/5/10
WO088 2 24.02 121.13 1141 2011/5/2
W089 1 23.83 120.79 236 2011/5/5
WOBA 2 23.87 120.68 206 2011/5/5
W08B 1 23.70 120.72 734 2011/5/9
wWo08C 1 23.91 120.64 415 2011/4/26
wWO08D 1 23.93 120.73 150 2011/4/26
WOBE 2 23.81 120.72 210 2011/4/27
WO8F 2 23.90 120.68 211 2011/4/27

98




W090 =R 1 24.03 120.92 682 2011/4/29
W091 Ag B 1 24.01 120.82 262 2011/4/28
W092 ¢ B R 1 24.01 120.96 468 2011/4/29
WO093 3 R 1 24.06 120.97 478 2011/4/29
W094 ERal2 N 2 23.98 120.70 177 2011/4/28
WO095 7 R 1 23.84 120.63 416 2011/4/27
WO096 + A B /| 1 24.09 120.89 381 2011/4/28
w097 HER| 1 23.94 120.67 102 2011/4/26
W102 Frei & T g 1 24.73 121.16 229 2011/3/24
W103 = S 1 23.12 121.23 270 2011/7/3
W104 2N S 1 22.65 120.60 52 2011
W105 Z e o 1 23.61 120.57 184 2011
W106 FRIER]) 1 24.60 121.84 22 2011
W107 LAl e 1 23.38 120.57 362 2011
W108 R 4 2 24.97 121.20 31 2011/2/22
W109 A ) -3 2 25.04 121.61 24 2011/3/31
W10A yERESAE. 4 1 25.15 121.77 53 2011/3/9
W10B R kAR ! 25.01 121.54 17 2012/7/1
W10C U 3 25.02 121.54 78 2010
W10D R AT 1 24.98 121.51 18 2012/9/21
W10E - o 1 25.04 121.51 18 2012/10/26
W10F L& g 4 23.90 121.55 58 2013/5/1
W111 IR 1. 22.81 121.09 121 2011/10/27
W112 Frit B ) 1 22.38 120.86 483 2011/10/25
W113 % B 1 22.97 121.12 284 2011/10/28
W114 ?r R ) 1 23.00 121.29 92 2011/11/3
W115 ENNt 1 22.61 121.00 24 2011/10/26
W116 ""‘ W 1 22.88 121.23 89 2011/11/2
W117 %ﬁ‘-b’? B -] 1 23.41 121.48 40 2011/11/2
W118 CER) 1 22.89 121.06 241 2011/10/28
W119 <5 E) 1 22.38 120.91 49 2011/10/25
W11A &7 R 1 23.33 121.44 151 2011/11/3
W11B A 1 22.36 120.91 30 2011/10/25
Wi11C % 5P B ) 1 22.29 120.87 40 2011/10/25
W11D AR 1 22.70 121.03 62 2011/10/27

99




WI11E < ER) 1 22.46 120.94 12 2011/10/25
WI11F FERE] 1 22.53 120.95 31 2011/10/26
W120 o B ) 1 23.08 121.35 69 2011/11/3
W121 # €| 1 23.19 121.40 25 2011/11/3
W122 RN 1 22.80 121.19 38 2011/11/2
W123 R | 1 22.75 121.15 32 2011/11/2
W124 HR B ] 1 23.04 121.15 302 2011/10/28
W125 L] 1 22.90 121.15 162 2011/10/27
W126 A7 F B ) 1 22.77 121.06 105 2011/10/27
W127 A B B -] 1 22.86 121.09 169 2011/10/27
w128 ¥RER] Bl 22.75 121.14 33 2011/11/2
W129 e R 1 22.48 120.91 236 2011/10/26
W12A & 5 R 2 23.13 121.18 351 2012/3/30
W12B =R 1 22.73 121.11 21 2012/3/30
W12C R 1 23.17 121.04 911 2012/3/30
W12D ki N I 2899 121.02 1037 2012/3/30
W131 EEMa N 1 22.59 120.63 53 2012/12/16
W132 42 R ! 22.43 120.63 33 2012/12/16
W133 R B 2 22.70 120.64 135 2012/12/16
W134 THERY 1 22.77 120.50 55 2012/12/16
W135 2 1 22.67 120.60 74 2012/12/16
W136 TEH 2 22.46 120.62 33 2012/12/16
W137 B E ) 2 21.94 120.80 20 2012/12/16
W138 FER] 2 22.84 120.64 214 2012/12/16
W139 ATE R 2 22.86 120.63 122 2012/12/16
W13A x EF) 2 22.55 120.54 32 2012/12/16
W13B v ] 2 22.53 120.63 99 2012/12/16
W13C FER] 2 22.74 120.64 134 2012/12/16
W13D R 2 22.13 120.78 303 2012/12/16
W13E iR ¢ 3 22.02 120.84 42 2012/12/16
W13F = TR 1 22.02 120.72 29 2012/12/16
W140 TR 2 22.82 120.64 163 2012/12/16
W141 3% F 1 22.63 120.59 50 2012/12/16
W142 Se ik B ] 2 22.33 120.62 10 2012/12/16
W143 2% R 2 22.01 120.75 46 2012/12/16
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W144 1 4@ 1 22.72 120.49 57 2012/12/16
W145 T ALR] ] 2 22.77 120.64 134 2012/12/16
W146 R 1 22.18 120.84 302 2012/12/16
W147 B 1 22.07 120.72 14 2012/12/16
W148 AR 2 22.65 120.63 70 2012/12/16
W149 PR 2 22.37 120.63 61 2012/12/16
W14A % L R 1 22.12 120.85 184 2012/12/16
W14B 4R 2 22.24 120.80 270 2012/3/30
Wi151 EE R 2 24.44 120.87 254 2012/2/16
W152 RER| 1 24.57 120.94 136 2012/2/15
W153 Ef 5 B P 1 24.58 120.85 38 2012/2/20
W154 SRR 1 24.50 120.83 131 2012/2/20
W155 A B 1 24.34 120.77 374 2012/2/22
W156 ERnAAN 1 24.42 120.91 625 2012/2/16
W157 v B 1 24.49 120.79 169 2012/2/21
W158 NEE I 24.71 120.92 105 2012/2/13
W159 e 1 24.30 120.85 358 2012/2/22
W15A <% B ! 24.41 120.90 374 2012/2/16
W15B R 1 24.55 120.81 96 2012/2/20
W15C B R 2 24.39 120.97 827 2012/2/17
W15D EHE 1 24.48 120.89 132 2012/2/15
WI15E BN 1 24.69 120.96 105 2012/2/14
W15F ERE N 2 24.41 120.77 337 2012/2/21
W160 b N 1 24.54 120.92 132 2012/2/15
w161 R AEE 1 24.62 120.95 104 2012/2/13
W162 TER) 1 24.38 120.76 391 2012/2/22
W163 @ W P 1 24.40 120.87 381 2012/2/17
W164 PR 1 24.60 121.04 271 2012/2/14
W165 R 1 24.40 120.77 340 2012/2/21
W166 B R 1 24.60 121.00 2178 2012/2/14
W167 S kR 1 24.71 120.90 52 2012/2/13
W168 % § B-) 1 24.36 120.95 831 2012/2/17
W16A < "R 1 24.35 120.63 58 2014/1/9

w16B - 2R 2 24.30 120.71 213 2013/12/27
W16C | (i%+)AT& K| 1 24.20 120.66 128 2013/12/27
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W16D TR B/ Bl 24.20 120.55 48 2014/1/9

W16E & P B 1 24.11 120.62 39 2014/1/9

WI16F | (# = )AT& | 1 24.20 120.73 197 2013/12/27
W170 RN 1 24.21 120.84 420 2012/7/17
W171 &+ R 1 24.21 120.70 420 2012/7/17
W172 &R 1 24.17 120.72 140 2012/7/17
W173 ¢ Ae®) 1 24.16 120.83 500 2012/7/17
W174 H L] 1 24.25 121.26 2000 2012/7/17
W175 2R 1 24.27 120.81 328 2012/7/17
W176 by R) 1 24.33 120.65 143 2012/7/17
W177 pd R 1 24.29 120.91 500 2012/7/17
W178 Fok B 1 24.27 120.57 50 2012/7/17
W179 ¥R 2 24.25 120.72 250 2012/7/17
WI17A ~ ) 2 24.10 120.69 55 2012/7/17
W17B T 2R ) 2 24.32 121.29 1601 2012/7/17
W17C B Hi R I 2411 120.73 110 2012/7/17
W17D FEYR) 2 24.03 120.70 100 2012/7/17
WI17E ZRRZ R ! 24.18 120.93 600 2012/7/17
W17F FE J® ) 2 24.06 120.70 100 2012/7/17
W180 =2 FY 1 24.31 120.70 210 2012/7/17
w181 LF R 1 24.12 120.80 278 2012/7/17
w182 fo = B -] 1 24.19 120.81 500 2012/7/17
W183 # € R 2 24.18 120.98 700 2012/7/17
W184 =~ FE ]| 1 24.22 120.65 139 2012/7/17
W185 FEE] 1 24.33 120.92 568 2012/7/17
W186 ¢ PR 1 24.24 120.88 500 2012/7/17
W187 LER Y 1 24.21 120.84 450 2012/7/17
W188 ¢l B 1 24.25 120.83 370 2012/7/17
W189 A5 A R ] 1 24.16 120.88 600 2012/7/17
W18A [ R 1 24.20 121.01 800 2012/7/17
W18B o B ) 1 24.17 120.90 600 2012/7/17
wW18C BRI B 1 24.12 120.75 190 2012/7/17
wW18D LI 3 4 23.57 120.48 76.2 2014/3/19
W18E £ feR] 1 23.51 120.31 13 2014/3/18
W18F AR R 23.34 120.17 5.6 2014/3/18
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W190 ARG IR 1 23.48 120.62 728 2012/8/31
W191 =i R| 1 23.29 120.59 251 2012/8/31
W192 ZER] 1 23.56 120.48 110 2012/8/31
W193 <= B 1 23.56 120.55 174 2012/8/31
W194 =~ R 1 23.46 120.24 10 2012/8/31
W195 iz B 1 23.40 120.51 112 2012/8/31
W196 TR 1 23.45 120.33 18 2012/8/31
w197 T EBE) 1 23.54 120.63 773 2012/8/31
W198 oA R 1 23.56 120.43 31 2012/8/31
W199 *E ®) 1 23.53 120.74 820 2012/8/31
W19A AN 2 23.58 120.59 382 2012/8/31
w19B =+ B| 1 23.47 120.25 10 2012/8/31
W19C =K B] 1 23.38 120.53 179 2012/8/31
W19D 7 A ] 0] 1 23.52 120.55 141 2012/8/31
WI19E LR 1 23.58 120.75 T 2012/8/31
W19F ERLCIRL 1 23.52 120.81 2203 2012/8/31
W200 LB 1 23.30 120.67 419 2012/8/31
W201 oAt B 1 23.59 120.55 140 2012/8/31
W202 x ER) 1 23.48 120.70 1393 2012/8/31
w203 % R 1 23.56 120.67 1526 2012/8/31
W204 e - 1 23.38 120.67 504 2012/8/31
W205 PR 1 23.44 120.60 245 2012/8/31
W206 AR 1. 23.43 120.56 177 2012/8/31
w207 kbt me 1 23.42 120.40 28 2012/8/31
W208 G ST 2 23.47 120.70 1181 2012/8/31
W209 % H R 1 23.55 120.58 390 2012/8/31
W20A TR A 1 23.58 120.63 1057 2012/8/31
W20B J TR 1 23.49 120.56 132 2012/8/31
W20C F 2R 2 23.45 120.75 | 969.6 | 2014/3/19
wW20D A F R | 23.49 120.43 36.9 2014/3/19
W20E 2LH ) 1 23.47 120.44 39 2014/3/18
W20F ~ TR 1 23.48 120.49 124 2014/3/18
w210 3R] 1 23.34 120.47 139 2012/11/30
W211 R 1 23.35 120.42 42 2012/11/30
W212 < TR 1 23.37 120.41 39 2012/11/30
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w213 v P K] 1 23.35 120.41 39 2012/11/30
w214 AR 1 23.29 120.36 23 2012/11/30
W215 A= 1 23.40 120.44 35 2012/11/30
W216 R 1 23.26 120.37 26 2012/11/30
W217 Ll ) 1 23.32 120.41 56.2 2012/11/30
W218 TR 1 23.19 120.34 20.3 | 2012/11/30
W219 R B ) 1 23.08 120.30 153 | 2012/11/30
W21A L bR 1 23.10 120.36 33.4 | 2012/11/30
W21B Ais B 1 23.04 120.31 65.7 2012/11/30
w21C TRILE] ) 1 23.07 120.35 110 2012/11/30
wW21D =R 1 22.97 120.30 62.6 | 2012/11/30
W21E Foua B 1 22.96 120.36 93.2 2012/11/30
W21F F B 1 22.90 120.35 43 2012/11/30
W220 (R AL 1 23.03 120.27 8.4 2012/11/30
W221 AR B B ] 1 23.03 120.26 26.2 2012/11/30
W222 RN I 23.01 120.26 154 | 2012/11/30
W223 # € R 1 22.99 120.21 39.6 | 2012/11/30
W224 mER ] 1 22.98 120.24 21.7 2012/11/30
W225 o B 1 22.95 120.23 30 2012/11/30
W226 & B] 1 23.19 120.25 1.4 2012/11/30
W227 i8R 1 23.19 120.19 4.4 2012/11/30
w228 A LR 1 23.05 120.17 15.4 | 2012/11/30
W229 R 1. 23.27 120.25 0 2012/11/30
W22A e B 1 22.96 120.24 36.2 2012/11/30
wW22B ok B) 1 23.34 120.32 23.8 | 2012/11/30
wW22C X R 1 23.06 120.40 73.1 2012/11/30
w22D g B-) 2 23.28 120.31 143 | 2012/11/30
W22E AR 1 22.96 120.25 29.6 | 2012/11/30
W22F 7 € R 1 23.10 120.23 9.4 2012/11/30
W230 R R B ] 1 23.08 120.43 73.3 | 2012/11/30
W231 R 2 23.05 120.45 79 2012/11/30
W232 2 v F| 1 23.04 120.47 | 100.2 | 2012/11/30
W233 =N 1 23.07 120.52 71.9 2012/11/30
W234 E R 1 23.12 120.46 71.3 | 2012/11/30
W235 THE R 1 23.17 120.60 | 233.1 | 2012/11/30
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W236 o B 1 23.17 120.49 | 989 | 2012/11/30
W237 R 1 23.28 120.47 | 130.2 | 2012/11/30
W240 SR 1 24.68 121.06 | 208.7 | 2012/12/24
w241 g 3 R 1 24.63 121.12 429 | 2012/12/24
W242 Z %R 1 24.72 121.00 | 169.7 | 2012/12/20
W243 ZER 1 24.77 121.06 | 153.2 | 2012/12/21
W244 ¥R 1 24.74 121.02 82 2012/12/21
W245 2R 1 24.69 120.99 | 104.7 | 2012/12/21
W246 RN Rk 1 24.74 121.09 | 131.5 | 2012/12/24
W247 Fel B 1 24.58 121.11 | 523.5 | 2012/12/24
W248 SRR 1 24.77 121.08 139 | 2012/12/21
W249 = F) 1 24.80 121.00 51 2012/12/29
W24A ZH R 1 24.90 121.04 | 74.4 2013/1/2
W24B 2 1 24.71 121.20 | 335.2 | 2013/1/7
W24C XE R 1 24.73 121.23 | 354.7 | 2013/1/7
W24D EX Rl i 24.62 121.29 | 841.4 | 2013/1/9
W24E & L) 1 24.77 121.22 | 210.1 | 2013/1/8
W24F 3% B 2 24.66 121.30 | 728.6 | 2013/1/8
W250 F7k B /) 1 24.58 121.30 | 1600 2013/1/9
W251 IR 1 24.80 120.97 | 41.9 2013/1/3
W252 SRR ) 1 24.80 121.14 | 1345 | 2013/1/3
W253 LR 1 24.80 120.94 | 24.4 2013/1/3
W254 3775 R 1 24.80 12097 | 21.4 2013/1/4
W255 3785 H) 1 24.73 120.97 | 29.7 | 2012/12/20
W256 £ % | 1 24.89 121.09 | 169.5 | 2013/1/2
W257 TR 1 24.88 121.06 | 1025 | 2013/1/2
W258 FER]) 1 24.78 121.01 | 99.6 2013/1/2
W259 2 5 ) 1 24.73 12093 | 14.3 2013/1/2
W260 I %R 1 24.86 121.36 | 171.5 | 2013/4/1
W261 &4 ) 1 24.87 121.40 | 169.7 | 2013/4/1
W262 R 1 24.85 121.44 | 2445 | 2013/4/1
W263 LER) 2 24.96 121.33 | 128.5 | 2013/4/1
W264 M FR] 3 24.96 121.39 38 2013/4/1
W265 I BRE 1 24.97 121.44 23 2013/4/1
W266 EE R 1 24.93 121.45 94 2013/4/1
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W267 ~ FRE) 25.00 121.42 38.2 2013/4/1
W268 = SR 25.02 121.41 105 2013/4/1
W269 + BB 25.02 121.41 21 2013/4/1
W26A 2R 25.03 121.44 29.5 2013/4/1
W26B pER 25.04 121.43 12 2013/4/1
W26C Ea k) 25.06 121.43 22 2013/4/1
w26D s B 25.07 121.43 27 2013/4/1
W26E I R 25.08 121.44 40 2013/4/1
W26F o B 25.08 121.39 | 279.6 2013/4/1
W270 EFR) 25.11 121.34 | 182.8 2013/4/1
W271 ~ 2R 25.15 121.40 22.2 2013/4/1
W272 = AR 25.10 121.45 7.7 2013/4/1
W273 AR 25.08 121.47 15.6 2013/4/1
W274 A AR B 25.08 121.48 17 2013/4/1
W275 BHER 25.05 121.48 13.8 2013/4/1

W276 £ 1R B 25.02 121.48 53 2013/4/1

War7 e R 25.00 121.46 28 2013/4/1

25.00 121.52 39.5 2013/4/1

W279 s W) 24.95 121.49 99.3 2013/4/1

W27A Ay * B 24.92 121.55 59.8 2013/4/1

W27B  NEE R 24.90 121.55 66.7 2013/4/1

w27C & KRR 24.86 121.55 163 2013/4/1

wW27D  FR ) 25.15 121.46 22 2013/4/1

W27E LT8R ] 25.16 121.48 280 2013/4/1

W2T7F Z 7R 25.26 121.50 63 2013/4/1
W280 = PR 25.29 121.57 1.9 2013/4/1
W281 L R 25.24 121.63 73 2013/4/1
W282 & LR 25.22 121.64 18 2013/4/1
W283 = 25.22 121.60 70 2013/4/1
W284 < ] 25.17 121.64 354 2013/4/1
W285 2R 25.18 121.69 29 2013/4/1

W286 = B 25.11 121.80 120 2013/4/1

w287 AR 25.12 121.92 34 2013/4/1

w288 fr % B 25.08 121.91 25 2013/4/1

|
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W289 R 25.05 121.92 5 2013/4/1
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W28A AR B ) 1 25.02 121.99 28 2013/4/1
W28B AR 2 25.03 121.87 54 2013/4/1
W28C HARE] 1 25.02 121.80 112 2013/4/1
W28D TIER) 2 25.03 121.74 228 2013/4/1
W28E AR Z_F ] 1 25.01 121.69 145 2013/4/1
W28F R | 1 24.99 121.66 134 2013/4/1
W290 vz R 2 25.05 121.62 60 2013/4/1
W291 7k ) 1 25.07 121.66 18 2013/4/1
W292 2R 2 24.95 121.64 569 2013/4/1
W293 ZHE] 3 24.94 121.71 217 2013/4/1
W294 PR ] 1 25.00 121.62 18 2013/4/1
W295 R B ) 1 24.95 121.54 60 2013/4/1
W296 AL B ) 1 24.78 121.50 425 2013/4/1
T001 i 2 25.01 121.54 19 2013/10/3
T002 bR A 3 25.02 121.55 18 2013/10/3
T003 bR B1 25.02 121.54 19 2013/10/17
D001 LA AR 2 23.89 121.54 41 2013/11/28
D002 | K #x7v &Ik 1 23.90 121.54 40 2013/11/28
D003 LERE 4 1 23.90 121.54 46 2013/11/28
D004 | K EHB 2R 1 23.89 121.55 37 2013/11/28
D005 | ® E8 4 F# 1 23.90 121.54 45 2013/11/28
¢
W300 AR P A 2 25.13 121.75 19 2014/1/9
W301 B AP 5 25.15 121.78 13 2014/1/9
W302 g R-ank 2 25.11 121.67 33 2014/1/23
W303 rAER) 1 25.14 121.71 76 2014/1/22
W304 FEP B | 2 25.10 121.75 39 2014/1/23
W305 IR 2 25.13 121.78 79 2014/1/23
W306 LR 1 25.12 121.76 35 2014/1/23
W310 e W) 2 24.98 121.58 87 2014/4/22
w311 T 2@ 2 25.03 121.57 16 2014/4/23
W312 & B 1 25.03 121.57 19 2014/4/23
W313 IR 1 25.05 121.55 14 2014/4/22
W314 ¥l ) 1 25.05 121.58 13 2014/4/23
W315 < @R 1 25.09 121.60 29 2014/4/23
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W316 1 25.08 121.57 12 2014/4/22
Wa317 1 25.11 121.56 224 2014/4/22
W318 1 25.13 121.58 405 2014/4/22
W319 1 25.17 121.54 656 2014/4/22
W31A 1 25.12 121.54 31 2014/4/22
W31B 1 25.09 121.53 10 2014/4/22
W31C 1 25.07 121.51 8 2014/4/22
W31D 1 25.12 121.51 10 2014/4/22
W31E 1 25.14 12151 67 2014/4/22
W31F 1 25.13 121.47 18 2014/4/22
W320 1 25.08 121.57 | 14.00 2014/7/30
W330 1 25.01 121.21 |108.00 | 2014/7/30
W331 1 25.01 121.14 | 75.20 2014/7/30
W332 1 24.97 121.10 | 92.70 2014/7/30
W333 1 25.04 121.08 | 36.00 2014/7/30
W334 1 24.97 121.08 | 20.00 2014/7/30
W335 1 25.09 121.19 | 22.10 2014/7/30
W336 1 24.92 121.14 |150.80 | 2014/7/30
Wa337 1 24.92 121.25 |196.00 | 2014/7/30
W338 1 25.10 121.27 | 23.80 2014/7/30
W339 2 24.66 121.40 |880.00 | 2014/7/30
W33A 2 24.94 121.08 |118.00 | 2014/7/30
W33B 2 24.88 121.30 |189.20 | 2014/7/30
W33C 1 24.85 121.17 |184.90 | 2014/7/30
W33D 1 24.87 121.23 | 227.00 | 2014/7/30
W33E 3 24.84 121.25 |169.40 | 2014/7/30
W33F 1 24.80 121.31 | 351.00 | 2014/7/30
W340 1 24.80 121.36 |317.50 | 2014/7/30
W341 2 2491 121.18 |208.70 | 2014/7/30
W342 1 24.99 121.29 |132.90 | 2014/7/30
W343 1 25.05 121.31 |112.00 | 2014/7/30
W344 1 24.67 121.37 | 697.70 | 2014/7/30
W350 1 23.85 120.32 6.5 2014/10/28
W351 1 24.15 120.48 7.7 2014/10/30
W352 1 24.09 120.48 16.7 2014/10/21
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W353 AR 1 24.06 120.44 3.6 | 2014/10/21
W354 CRCRE 1 24.01 120.42 10 2014/10/21
W355 = FTH] 1 23.98 120.39 16 2014/10/14
W356 Frd B 1 23.94 120.40 | 12.6 | 2014/10/14
W357 PR 2 23.90 120.37 16 2014/10/29
W358 e SR 1 23.88 120.42 | 13.3 | 2014/10/22
W359 7 M) 1 23.85 120.49 | 37.3 | 2014/10/24
W35A ¥ EE ) 1 23.89 120.48 | 23.3 | 2014/10/22
W35B R 1 23.92 120.50 | 34.6 | 2014/10/27
W35C ¢EBRE| 1 23.95 120.44 7.9 | 2014/10/22
W35D EiP R 1 23.97 120.49 | 22.1 | 2014/10/27
W35E PR 1 24.00 120.49 7.7 | 2014/10/29
W35F TR ) 1 24.10 120.53 20 2014/10/21
W360 e 1 24.07 120.55 43 2014/10/15
W361 5 7 B] 1 24.05 120.54 28 2014/10/15
W362 ZH5R) I 24.02 120.57 31 2014/10/15
W363 H 4 ) 1 23.99 120.59 | 453 | 2014/10/21
W364 E S Ag=Y 2 23.97 120.60 41 2014/10/15
W365 BHe® v 1 23.96 120.56 | 24.6 | 2014/10/20
W366 RER ] 1 23.92 120.60 | 34.7 | 2014/10/16
W367 Lfe®] 1 23.87 120.61 | 50.4 | 2014/10/24
W368 NN 23.81 120.62 85 2014/10/16
W369 = 7 1 23.83 120.55 | 42.4 | 2014/10/20
W36A B 4L | 1 23.89 120.56 37 2014/10/20
H001 Raged o B1 24.78 121.00 115 2014/11/6
H002 7 A PR 1 24.78 121.01 95 2014/11/6
H003 GBS ] B1 24.78 121.01 97 2014/11/6
H004 ER SR 1 24.77 121.00 108 2014/11/6
H005 W R 1 24.77 121.01 103 2014/11/6
H006 2 1 24.77 121.02 103 2014/11/6
H007 T 1 24.76 121.02 131 2014/11/6
HO008 R 9 24.78 121.00 100 | 2014/12/15
H009 % 54 5 24.78 121.00 100 | 2014/12/15
HO010 RME¥ T % B1 24.78 121.00 100 | 2014/12/15
W370 Ak E e 1 23.58 120.30 9.3 2014/12/9
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Wa371 1 23.71 120.27 16.1 2014/12/5
Wa372 1 23.54 120.19 1.1 2014/12/5
W373 1 23.71 120.19 7.7 2014/12/2
Wa374 1 23.74 120.22 3 2014/12/2
Wa375 1 23.60 120.18 3 2014/12/2
W376 1 23.64 120.18 5 2014/12/2
Wa377 1 23.77 120.46 32.9 2014/11/27
W378 1 23.82 120.41 17.9 2014/11/27
W379 1 23.79 120.36 15.6 | 2014/11/27
W37A 1 23.80 120.27 10 2014/11/27
wW37B 1 23.66 120.35 17 2014/11/26
W37C 1 23.62 120.32 11 2014/11/26
W37D 1 23.65 120.27 11.5 | 2014/11/26
W3T7E 1 23.72 120.34 12.5 | 2014/11/26
W3T7F 1 23.72 120.53 53.3 | 2014/11/25
W380 1 23.68 120.51 474 | 2014/11/25
W381 1 23.74 120.51 445 | 2014/11/25
W382 1 23.65 120.57 | 112.4 | 2014/11/21
W383 1 23.69 120.59 84 2014/11/21
W384 1 23.76 120.62 90 2014/11/21
W385 1 23.77 120.56 52.4 | 2014/11/21
W386 1 23.74 120.40 25.2 2014/11/24
w387 1. 23.71 120.44 38.7 2014/11/24
W388 2 23.65 120.46 39.1 2014/11/21
W389 1 23.63 120.40 20 2014/11/24
W38A 1 23.60 120.24 8 2014/12/10
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ez 23 RF 25N AR S8k

2013/2/2 Lat. : 23.75 Lon.: 12198 Depth(km): 35 Magnitude: 5.6
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 130.29 0.72 118.83 21.56
W046 131.39 0.46 122.10 8.37
W049 130.29 0 115.96 22.91
wo04C 130.29 1.04 117.36 26.91
W04D 130.29 0.63 119.21 18.83
2013/2/21 Lat. : 24.31 Lon.: 121.44 Depth(km): 6.4 Magnitude: 4.8
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 126.98 0.33 58.20 8.05
W046 128.45 0.07 60.97 5.61
W049 127.71 0.65 56.84 9.96
wo4C 128.45 0 60.09 9.57
WO04D 128.45 0.15 59.07 11.04
2013/3/6 Lat. : 24.61 Lon.:122.1 Depth(km): 69.8 Magnitude: 4.7
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 96.12 0.01 79.90 9.91
WO046 95.75 0.17 80.75 7.98
W049 96.12 0 78.70 13.67
wo4C 96.12 0.6 77.89 8.97
WO04D 96.48 0.33 79.67 7.97
2013/3/7 Lat. : 24.3 Lon.: 12146 Depth(km): 5.6 Magnitude: 5.9
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 116.32 0.29 58.02 84.85
WO046 115.96 0 60.87 40.82
W049 116.69 0.08 56.54 111.89
WO04C 117.06 0.35 59.75 165.24
WO04D 115.96 0.13 58.88 109.25
2013/3/7 Lat. : 24.34 Lon.: 12145  Depth(km): 6 Magnitude: 4.6
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
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W042 92.08 0.15 54.82 9.93
WO046 92.08 0.25 57.57 5.24
W049 91.34 0.52 53.52 8.99
wo4C 90.24 0.34 56.79 9.37
WO04D 91.34 0 55.71 9.41
2013/3/20 Lat. : 24.45 Lon.: 12195 Depth(km): 12.1 Magnitude: 4.6
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 67.83 0.34 40.90 26.01
WO046 68.56 0 43.87 12.65
W049 66.36 0.93 37.88 33.34
wo04C 67.09 0.49 38.27 25.62
W04D 67.46 0.42 40.99 17.30
2013/3/27 Lat. : 23.9 Lon.: 121.05 Depth(km): 19.4 Magnitude: 6.1
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 Failed
WO046 100.53 0 122.04 12.38
W049 100.16 0.26 118.31 20.88
wo4C 100.89 0.27 121.57 15.08
WO04D 100.859 0.02 120.36 10.35
2013/4/21 Lat. : 24.41 Lon.:122.34 Depth(km): 70.6 Magnitude: 5
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 Failed
WO046 125.88 0 101.51 18.32
W049 126.25 0.37 98.04 7.97
WO04C 125.88 0.31 97.15 7.22
WO04D 125.88 0.05 99.76 10.21
2013/5/21 Lat. : 24.28 Lon.: 121.77 Depth(km): 14.5 Magnitude: 4.9
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 118.16 0 54.17 7.80
WO046 119.26 0.53 57.50 8.20
W049 Failed
wo4C 117.06 0.17 53.47 30.30
W04D 116.69 0.14 54.68 10.63
2013/6/2 Lat. : 23.86 Lon.: 120.97 Depth(km): 14.5 Magnitude: 6.5
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
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W042 86.28 0.55 127.19 16.66
WO046 86.28 0.66 129.72 16.48
W049 85.54 0 126.11 13.97
WO04C 86.28 0.23 129.43 15.34
WO04D 86.28 0.39 128.10 20.81
LOO1 86.28 0.3 102.79 27.17
L002 85.54 0.65 110.86 31.81
LO03 84.07 0.34 100.55 7.11
LO04 85.54 0 108.66 5.2
LO05 86.13 0.37 122.89 17.84
2013/0607  Lat. : 23.98 Lon.: 122.65 Depth(km): 35.3 Magnitude: 6.2
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 Failed
WO046 Failed
W049 81.14 0.18 @5l 7 37.93
wo4C 81.87 0.08 126.54 43.09
W04D 81.14 0 129.92 7.32
2013/6/28  Lat. : 24.03 Lon.: 122.24 Depth(km): 19.8 Magnitude: 5.7
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 Failed
W046 126.62 0.46 99.32 10.12
W049 127.36 0.62 93.21 24.74
wo4C 126.62 0.6 93.49 22.43
WO04D 126.62 0 96.39 34.68
2013/7/16 Lat. : 24.28 Lon.: 1215 Depth(km): 4.9 Magnitude: 5.5
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 105.35 0.37 58.03 27.07
WO046 103.15 0 61.02 2.92
W049 103.88 0.79 56.33 16.71
wo4C 102.41 0.2 59.43 2.16
W04D 103.15 0.21 58.86 2.31
2013/9/18  Lat.: 24.64 Lon.: 122.09 Depth(km): 15.1 Magnitude: 4.5
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 84.73 0 39.70 6.408
WO046 86.56 0.35 41.10 8.0986
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W049 85.46 0.02 37.52 10.3661
WO04C 83.27 0.12 35.69 6.7418
WO04D 84.36 0.01 39.21 9.5185
2013/10/31  Lat. : 23.57 Lon.:121.35 Depth(km): 15 Magnitude: 6.4
Station Pick time Delay time(sec) | Distance(km) Pd(cm)
W042 153.77 0.44 137.95 40.3167
WO046 153.04 0 141.15 12.1138
W049 152.3 0.86 135.85 21.5942
wo4C 153.047 0.28 138.63 32.8485
WO04D 153.04 0.3 138.71 29.6381
LO01 155.24 0.42 112.65 10.21
L002 153.04 0 116.07 8.66
LOO03 156.7 0.3 112.02 9.2
LO04 157.44 0.05 118.55 7.99
LO05 155.24 0.37 132.02 6.85
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ik ¢ L F kB E RE4E 55 (RID) Rlaks 4
RIE NS R LA RAT FRAL LR RO RIEF R
ALS P24 | EARRR (P2 .L58)120.8134 | 23.50828 | 2413
ANP el AP | A3 E 1215292 (2518265 | 826
BAC i A | WM ® | 121.4418| 24.99747 5
CHK > ¥ £ ARk | 4 | 121.3728(23.09775| 34
CHN1 iR £33 | #d % |120.5285(23.18503| 360
CHN3 Fri $a7® | L% |120.3647|23.07558 | 50
CHN4 3L E&B | HER | 120594 |23.35128 | 205
CHN5 ) ZHREE | v SR | 120.6773]23.59728 | 840

CHN7 A M| EA&ERL | A %rR | 120.2395 | 23.48342 6
CHY | £&%7% | £&%7 & % |120.4326 | 23.49606 27
EAS % 5 £ A Bk | Zi=5% | 120.8568 | 22.38143 | 445
ECB £ & £ LR | EJR#R | 121.4511 | 23.31636 63
ECL SR | A ARR | £ 5% | 120.9619 | 22.59606 70
ECS w2 £ AR | 4 3R 1121.2192(23.09528 | 278
ECU A A £ K 2% | % 3% | 121.0916 | 22.85969 | 229
EDH e £ A Bk | KPR | 121.3047 | 22.97161 | 42
EGA Tz fCEER | F &8 121.5626 | 23.97304 | 37
EGC % TCEER | ®IRSR | 121.547523.70792 5
EGF k4R TCEER | kMR | 121.4826|23.68458 | 110
EGS & E | mREL | PR 4L | 121.9437 | 24.84204 2
EHP fo-T fCERL | A HRS% | 121.7489 | 24.3075 24
EHY L F iRy | B %% | 121.3279]23.50383| 237
ELD g | & LEL | A:R4% | 121.0251| 23.187 1040
ENA % 2 ¥R | 2R | 121.749 | 24.42589 | 113
ENT 2P| B FR | = 5% 1215736 |24.63728 | 280
ESF = iR | & ¥R |121.5073 | 23.87069 28
ESL g e CHEERL | B ASR | 121.4415|23.81181| 178
ETL S EF | IR | A HRR | 121,623 | 24.15819 | 415
ETM & TEERL | % 4R3R | 121.4928|23.96556 | 190
EYL b4 CEE | ¥R | 121.602 | 23.9036 71
HEN 12 % Bk | 2% 4E | 120.746 | 22.00367 22
HSN A FreBh | M T | 121.0142 24.82814| 34
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HSN1 | #7+ % | #7+# L% |121.0183| 24.7785 102
HWA | &3 | =gk | &% | 121.6135]23.97523 16
HWAP | f=iis | =ikt | =i+ | 121.6198 | 23.97966 60
ILA EHY | BWRE | BT | 121.7561|24.76356
KAU | #:27% | $27% | %4% |120.3158 |22.56625
KLUP | A% | A+ | =€ % |121.7406|25.13286| 36
KNM & £MEL | &34 |118.2893|24.40739| 44
LAY Bee | & LBR | B | 1215581 22.0373 | 324
LDU K AR | %5 #R | 121.4693 | 22.6733 9
MSU 5 i d@irkh | @ ¥ % |119.9231| 26.1695 85
NCU ] FeFIF | P MR | 121.1944 | 24.96728 | 134
NGL % Frad | FF % |121.9228 | 25.03831 12
NHD 3T 3T | AT F | 121.5534 | 24.90231 60
NHY | %% | #4473 | £ &% |121.5692|25.04084| 37
NLD B ¥R | BA 4L | 121.7728 | 24.67336 3
NML | & &7+ | &8 | w87 |120.8257|24.56497| 45
NNS @ L TR | < B PR | 121.3814 | 24.43747 | 1140
NOU | #M7* | AMB+ | ¢ 1% |121.7731|25.14931 50
NSD g Wk Bk | FESR | 120.9206 | 24.53997 | 210
NSK z % FFH | 2% |121.3666 | 24.67378| 682
NST | # &L | w ikt | & &% |121.0086|24.62942 | 164
NSY & Wk Rk | = &% |120.7688 | 24.4144 | 311
NWF | I 44 | #7473 | 3% % |121.7806|25.07171| 765
PNG 5o EPE | B 2% | 119.5636 | 23.56502 11
SCK =g £33 | %% |120.0861|23.14681 13
SCL E3:] 3% | #2 % |120.201823.17344 7
scz S B ¥ By | %P #% |120.6282|22.37031 74
SEB sHEH | BAR | 44 | 120.8552 | 21.90094 33
SGL 440 | BARE | 4 40#% | 120.4986 | 22.72376| 30
SGS LAY ®d | 7 W% | 120.5906 | 23.08042 | 278
SML YR | a4kBh | As #% | 120.9082 | 23.88144| 1015
SPT Bds | BdR: | B4 |120.4959|22.67676 25
SSD | =¥ ™ | BAE |Z ¥ 4% 120.6402 | 22.7443 148
SSH L a3 | L% |120.2882]23.13614 13
STY FeiR ®®d | FYRE | 120.7658 | 23.16074 | 640
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TAI1 R R $a73 | XETR |120.2367 | 23.03803 8
TAI2 sed | a7 | ¢ F % |120.2097 | 22.98603 20
TAP opts | Apd | ¢ 1% |121.5138 | 25.03765

TAW ok £ LRk | < #5% |120.9036 | 22.35579

TCU R R A% | 120.684 | 24.14562 84
TCUP | ~¥ & | £¢ 7 | 1% |120.5234 |24.25647 28
TTN okd | 2 AE | 4 LS | 121.1547 | 22.75222 9
TWA | 48 % | 4473 | L% [121.5921|24.97781| 260
TWB1 | =% 4% | #3747 | E% % [121.9971|25.00689| 130
TWC IR ¥ WL | FRIB4E | 121.8594 | 24.60811 20
TWCP | #RiRiE | ¥ Wik | FRB4L | 121.8571|24.59715| 1147
TWD ES S TR | AT R | 121.6048 | 24.08106 30
TWE S FWEL | B L#R | 121.6829|24.71808 20
TWF1 12 fCEERL | 2 245 | 121.3053(23.35103| 260
TWG LA K EL | % 3% |121.0799|22.81764| 195
TWK1 - B ¥ B | 5% 45 | 120.8138 | 21.94006 90
TWL Lo £33 | L% |1205023|23.26381| 590
TWML | 4 B zd | ELFE | 1204306 | 22.8215 340
TWQL1 | s 4% | w &8 | < #5% |120.7808 | 24.34647 | 260
TWS1 I | ATAW | 1% % | 121.4234| 25.1015 60
TWT (1 47 % | foT % |121.1615|24.24897 | 1500
TYC b B L Bh | A ##% | 120.8697 | 23.90508 20
WCH | §;i% | 5t 8% | §5iv % |120.5569 | 24.08164 17
WDD <8k | 4¢3 | X3L% |120.5568 |24.13458 | 30
WDG | &% 5§ | #E#e | 2% |119.6678|23.25718| 33
WDS &1 7% | L4 % |120.8305|24.25853| 357
WGK v ¥ | ZHER | v PR | 120.5704 | 23.68452 75
WHF | &L | s 48k | i858 | 121.2724 | 24.14344 | 3395
WLC | ‘] zezk | BELR: | Zi3ks% |120.3692 | 22.34672 38
WNT Z R 2 R | LE#R120.6925 | 23.87664 | 110
WNTL1 | s47 | #4458 | =47 |120.6799|23.90681| 115
WPL wa 3 EL | H 24 | 120.9572|24.01242 | 190
WSF V Z HBL | P #R | 120.2298 | 23.63636 6
WTC X §514 8L | < $5% |120.2891 | 23.86147 4
WTP * E£&FL | Ay % | 120.6223|23.24369 | 560
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WYL B4k | 351 8% | B k42 | 120.5799 | 23.9605 25
WYP o 4¢3 | ¢ty % |120.6533 |24.33314 | 106
WWF 5% 19 | fHETF [120.6982|24.04267 | 116
WES ey §5i 8% | = k% | 120.618 | 23.81197| 75
NTY | ++B5 | #+F3 | #F% |121.2976 [ 24.99973| 94
NIN ¥ WA R | % a4 | 120.8703 | 24.68361 5
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it T

S R A

CATALOG RTD #_ix *ET AR
P # 5
Yo ERE) | HFAN) |FRKM) | HEARE) SR (N) A (km) £R(E) FRWN) | FEAR(KM)
1 2013/2/6 45 | 121527 | 24.102 21.160 121.532 24.095 23.154 121.530 24.080 13.000
2 | 2013/2117 | 46 | 121.449 | 24317 6.330 121.491 24.336 5.230 121.410 24.300 7.000
3 | 2013/2/19 | 46 | 120553 | 23.353 15.140 120.562 23.356 12.650 120.536 23.368 11.000
4 | 2013/2/19 | 47 | 120.600 | 22.913 15.610 120.604 22.905 12.460 120.570 22.890 29.000
5 | 2013/2/22 | 48 | 121.391 | 23.228 20.000 121.438 23.199 14.680 121.480 23.220 15.000
6 2013/3/7 59 | 121457 | 24.301 5.550 121.493 24.316 4.000 121.460 24.300 6.000
7 2013/3/7 46 | 121449 | 24.336 5.960 121.474 24.344 8.120 121.427 24.333 14.000
8 | 2013/327 | 6.2 | 121.053 | 23.902 19.430 121.075 23.900 5.630 121.040 23.980 23.000
9 | 2013/327 | 45 | 120997 | 23.929 14.020 121.031 23.934 6.480 121.020 24.020 16.000
10 | 2013/6/2 6.5 | 120.974 | 23.862 14.540 121.014 23.854 0.390 120.950 23.910 14.000
11 | 2013/5/17 | 4.6 | 120913 | 22.973 6.380 120.955 22.984 4320 120.980 23.000 21.000
12 | 2013/7/16 | 55 | 121.497 | 24.277 4.920 121.501 24.267 11.770 121.500 24.260 22.000
13 | 2013/8/24 | 4.7 | 121.050 | 23.883 18.910 121.080 23.866 12.480 121.040 23.900 31.000
14 | 2013/9/30 | 4.7 | 120959 | 23.847 11.100 120.983 23.832 5.800 120.940 23.850 17.000
15 | 2013/10/31 | 6.4 | 121.349 | 23.566 14.980 121.409 23.564 14.060 121.290 23.600 18.000
16 | 2013/10/31 | 4.6 | 121.401 | 23.584 9.130 121.421 23.587 3.850 121.380 23.640 2.000
17 | 2013/10/31 | 4.6 | 121.383 | 23.593 9.970 121.482 23.584 10.000 121.380 23.640 4.000
18 | 2013/10/31 | 5.1 | 121.426 | 23.631 10.080 121.448 23.637 5.750 121.380 23.640 5.000
19% | 2013/11/1 | 45 | 121.405 | 23.677 17.140 121.500 23.675 18.190 121.380 23.700 10.000
20* | 2013/11/1 | 4.8 | 121.437 | 23.693 14.070 121.493 23.717 13.810 121.380 23.720 7.000
21* | 2013/11/3 | 4.6 | 121469 | 23.678 10.200 121.417 23.692 7.810 121.380 23.700 0.500
22% | 2013/11/4 | 4.9 | 121465 | 23.950 25.920 121.494 23.955 19.330 121.320 23.940 15.000
23* | 2013/1/2 47 | 121.738 | 23.970 7.130 121.769 23.997 5.500 121.676 23.989 16.000
24* | 2013/1/4 45 | 121.731 | 23.984 6.820 121.702 24.000 3.130 121.680 23.920 10.000
25% | 2013/1/4 47 | 121730 | 23.992 6.770 121.715 24.009 2.300 121.729 23.986 5.000
26* | 2013/1/17 | 5.1 | 121.979 | 24.439 13.650 121.920 24.479 6.410 121.920 24.440 22.000
27* | 2013/3/4 46 | 121.330 | 23.000 14.670 121.394 22.999 17.090 121.340 23.020 14.000
28* | 2013/5/21 | 4.9 | 120771 | 24.279 14.460 121.785 24.284 9.120 121.790 24.280 12.000
29* | 2013/6/26 | 45 | 121.871 | 24.791 9.980 121.862 24.789 7.460 121.860 24.800 16.000
30* | 2013/11/7 | 4.6 | 121.635 | 24.061 9.730 121.622 24.081 9.640 121.560 24.060 6.000
31* | 2013/11/7 | 45 | 121.623 | 24.078 11.440 121.628 24.074 9.740 121.588 24.072 8.000
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32 2014/1/15 5 120.984 23.861 14.980 121.012 23.862 6.970 120.980 23.830 12.000
33 2014/1/15 5.1 121.081 22.894 8.290 121.118 22.881 7.830 121.070 22.920 0.500
34 2014/1/15 5.1 121.081 22.882 8.430 121.106 22.844 10.230 121.060 22.880 8.000
35 2014/1/15 45 121.083 22.895 8.330 121.089 22.873 8.960 121.080 22.880 9.000
36 2014/1/25 4.7 121.483 23.794 11.840 121.504 23.823 8.130 121.380 23.820 19.000
37 2014/4/26 4.6 121.348 23.548 17.640 121.388 23.556 13.210 121.290 23.600 16.000
38 2014/5/21 4.7 121.433 23.735 16.450 121.474 23.721 16.700 121.400 23.740 13.000
39 2014/5/25 5 121.162 23.064 12.740 121.185 23.072 2.670 121.180 23.060 7.000
40 2014/6/15 4.6 121.529 23.751 6.040 121.541 23.760 7.910 121.520 23.740 7.000
41* 2014/5/4 5.2 121.645 23.936 35.980 121.735 23.919 35.660 121.650 23.910 26.000
42* 2014/7/17 5.3 121.350 22.267 19.080 121.349 22.247 8.350 121.320 22.280 0.500
43* 2014/9/10 4.7 122.063 24.336 19.510 122.047 24.364 8.760 121.788 24.384 21.000
44* 2014/9/21 5 121.556 23.593 31.540 121.610 23.584 24.280 121.540 23.600 37.000
45* 2014/9/25 5.3 121.268 22.792 18.000 121.320 22.740 7.610 121.374 22.717 36.000
46* 2014/10/8 5.2 121.580 23.639 33.390 121.623 23.624 27.190 121.570 23.672 30.000
47* | 2014/11/20 5.2 122.058 24.904 13.860 121.998 24.901 3.610 121.910 24.910 0.500
48* | 2014/12/14 4.6 121.470 23.132 43.020 121.527 23.079 32.300 121.505 23.137 47.000
R A AT B RE
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e IR A AT SACH 4 B

(1) Waveforms cross-correlation

*HHZ.TW.-- % read the files.

pl % pbt be waveform.

rtr % emove he trend.

rmean % emove he mean.

bp % bad-pass filtered

cutt;t, % cut the waveform time window between t; & t,
apk % auto p-phase picking.

ppk % manual p-phase picking.

wh % ad he pck vdue nto he header fle.
W over % ewrite e file.

Ih % Ist he header fle.

cut of % trn he ime wndow of.

w append .pick % Save as filename.pick.

correlate Master n % Do the cross-correlation among the files.
xlim x -x % Dom n

xlim off

(2) Waveforms stacking
SSS % 9dgnal Stacking Subprocess n SAC
addstack filel.*sac be 0.0 end 600.0 de 0.12 di 0.0
addstack file2.*sac be 0.0 end 600.0 de 0.01 di 0.0
addstack file3.*sac be 0.0 end 600.0 de 0.17 di 0.0
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addstack file4.*sac be 0.0 end 600.0 de 0.08 di 0.0
addstack file5.*sac be 0.0 end 600.0 de 0.00 di 0.0

('be : begin time; end : end time; de : delay time; di : distance )

timewindow 0.0 60.0 % et he time window
liststack % Ist he fle hat have ben gacked.
sumstack o on % no normalize

writestack filename.STACK % Save as filename.STACK
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W= 12 b A A TR ERNE (FORTRAN 95)

ITravel time database
Module ray
parameter(maxnlat=100)
parameter(maxnlon=100)
parameter(maxndep=50)
120150130_Let the matrix be allocatalbe to safe the memory.
real*8, ALLOCATABLE :: lat_c(:), lon_c(:), dep_c(:)
real*8, ALLOCATABLE :: vel_p(:,:,:),vel_s(:,:,:)
real*8 bld3,bld4,ro
integer nlat_c,nlon_c,ndep_c,nxyz_c,nxy_c,nx_c,ips
parameter(ilatdeg=1000000)
parameter(ilondeg=1000000)
parameter(idepkm=1000000)
real*8 latl_c,lonl_c,depl_c
integer ilonloc_c(ilondeg),ilatloc_c(ilatdeg),ideploc_c(idepkm)
End Module ray

module observ
parameter (maxsta=3000)
parameter (maxobs=3000)

character*4 stn(maxsta)

integer Itds(maxsta),Inds(maxsta)

real sltm(maxsta),sInm(maxsta),stc(3,maxsta)

real pcor(maxsta),scor(maxsta),spcor(maxsta)

integer isto(maxobs),ifm(maxobs),inten(maxobs),isp(maxobs)

real secp(maxobs,2),epdis(maxobs),azimuth(maxobs),takeoff(maxobs)

real wa(maxobs),xpga(maxobs),xweio(maxobs,2),res(maxobs,2),xmls(maxobs)
real wal(maxobs),xmis1(maxobs)
end module observ

program main

use ray

implicit real*8 (a-h,0-2)
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parameter (msg=16384)

real*8 w(3,msg+1)

integer np

real*8 tt

REAL :: tempo(3), temp
REAL(8),ALLOCATABLE :: evlo(:), evla(:), evdp(:)
REAL(8),ALLOCATABLE :: stlo(:), stla(:), stel(:)
REAL(8),ALLOCATABLE :: afs_stlo(:,:), afs_stla(:,:), afs_stel(:,:)
REAL(8),ALLOCATABLE :: evt_la(:), sta_la(:)
REAL(8),ALLOCATABLE :: ptt(:,:)

INTEGER :: num_sta, num_sou

call input_vel

I Read input data
num_sta=0
num_sou=0
OPEN(11,status="old" file="sou_location.txt")
OPEN(12,status="old" file="sta_location.txt")
DO WHILE ( .NOT. eof(11) )
READ(11,*) tempo(:)
num_sou = hum_sou +1
END DO
REWIND(11)
DO WHILE ( .NOT. eof(12) )
READ(12,*) tempo(:)
hum_sta=num_sta+1
END DO
REWIND(12)

ALLOCATE( evlo(num_sou), evla(num_sou), evdp(num_sou) )

ALLOCATE( stlo(num_sta), stla(num_sta), stel(num_sta) )

ALLOCATE( afs_stlo(num_sou,num_sta), afs_stla(num_sou,num_sta),
afs_stel(num_sou,num_sta) )

ALLOCATE( evt_la(num_sou), sta_la(num_sta) )

ALLOCATE( ptt(num_sou,num_sta) )
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DO i=1,num_sou
READ(11,*) evlo(i), evla(i), evdp(i)
evt_la(i) = geog_to_geoc(evla(i))
END DO

DO i=1,num_sta
READ(12,*) stlo(i), stla(i), stel(i)
stel(i) = -1.d0*stel(i)/1000.d0
sta_la(i) = geog_to_geoc(stla(i))
END DO

ips=1
DO i=1,num_sou
DO j=1,num_sta
call pbr(evt_la(i),evlo(i),evdp(i),sta_la(j),stlo(j),stel(j),w,np,tt)
write(*,'(a,f10.4)') ' P wave travel time: ',tt
ptt(i,j) = tt
END DO
END DO

ips=2
DO i=1,num_sou
DO j=1,num_sta
call pbr(evt_la(i),evlo(i),evdp(i),sta_la(j),stlo(j),stel(j),w,np,tt)
write(*,'(a,f10.4)") ' S wave travel time: ',tt
END DO
END DO

! Bubble sorting and output
DO i=1,num_sou
afs_stlo(i,:) = stlo(:)
afs_stla(i,:) = stla(:)
afs_stel(i,:) = stel(:)
DO j = num_sta-1,1,-1
DOk =1,j
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IF ( ptt(i,k) > ptt(i,k+1) ) THEN
temp = ptt(i, k)
tempo(1) = afs_stlo(i,k)
tempo(2) = afs_stla(i,k)
tempo(3) = afs_stel(i,k)
ptt(i,k) = ptt(i,k+1)
afs_stlo(i,k) = afs_stlo(i,k+1)
afs_stla(i, k) = afs_stla(i,k+1)
afs_stel(i, k) = afs_stel(i,k+1)
ptt(i,k+1) = temp
afs_stlo(i,k+1) = tempo(1)
afs_stla(i,k+1) = tempo(2)
afs_stel(i,k+1) = tempo(3)

END IF

END DO
END DO
END DO

OPEN(21,file="RESULTS.txt")

DO i=1,num_sou
WRITE(21,"(A4,2F10.4,F11.4,A13)") "0", evlo(i), evla(i), evdp(i), "10.00"
DO j=1,num_sta
WRITE(21,"(14,2F10.4,F11.4,F13.6)") j, afs_stlo(i,j), afs_stla(i,j),
afs_stel(i,j)*(-1000.d0), ptt(i,j)
END DO
END DO

end program main

real*8 function geog_to_geoc(xla)
implicit none
real*8 xla,RAD_PER_DEG,B2A_SQ
RAD_PER_DEG=0.0174532925199432955
B2A_SQ=0.993305521
geog_to_geoc = atan(B2A_SQ*tan(RAD_PER_DEG*xla)) / RAD_PER_DEG
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return

end function geog_to_geoc

real*8 function geoc_to_geog(xla)
implicit none
real*8 xla,RAD_PER_DEG,B2A_SQ
RAD_PER_DEG=0.0174532925199432955
B2A_SQ=0.993305521
geoc_to_geog = atan(tan(RAD_PER_DEG*xla)/B2A_SQ) / RAD_PER_DEG
return

end function geoc_to_geog

subroutine input_vel
use ray
implicit real*8 (a-h,0-2)
open(1,file="MOD_H13",status='old’)
read(1,*)bld3,bld4,nlon_c,nlat_c,ndep_c
120150130_Allocate the matirx size.

ALLOCATE(lat_c(nlat_c),lon_c(nlon_c),dep_c(ndep_c),vel_p(nlon_c,nlat_c,ndep_c),vel_s(
nlon_c,nlat_c,ndep_c))

read(1,*)(lon_c(i),i=1,nlon_c)

read(1,*)(lat_c(i),i=1,nlat_c)

read(1,*)(dep_c(i),i=1,ndep_c)

l-- read P velocity model
do k=1,ndep_c
do j=1,nlat_c
read(1,*)(vel_p(i,j,k),i=1,nlon_c)
enddo
enddo
l-- read S velocity model
do k=1,ndep_c
do j=1,nlat_c
read(1,*)(vel_s(i,j,k),i=1,nlon_c)
enddo
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enddo

close(1)
call bldmap
nxyz_c=nlon_c*nlat_c*ndep_c
nxy_c=nlon_c*nlat_c
nx_c=nlon_c
nxyz2_c=(nlon_c-2)*(nlat_c-2)*(ndep_c-2)
nxy2_c=(nlon_c-2)*(nlat_c-2)
nx2_c=nlon_c-2
ave=0.0
doi=1,nlat_c

ave=ave+lat_c(i)
enddo
ave=ave/real(nlat_c)
ro=earthr(ave)

end subroutine input_vel

subroutine bldmap
use ray
implicit real*8 (a-h,0-2)

real*8 lon_now,lat_now,dep_now

1-- for crustal velocity

lonl_c=bld3-lon_c(1)

ilonmax=(1e-10)+(lon_c(nlon_c)+lon1_c)/bld3

latl_c=bld3-lat_c(1)

ilatmax=(1e-10)+(lat_c(nlat_c)+lat1l_c)/bld3

depl_c=bld4-dep_c(1)

idepmax=(1e-10)+(dep_c(ndep_c)+depl_c)/bld4

if ((lonmax.gt.ilondeg).or.(ilatmax.gt.ilatdeg).or.(idepmax.gt.idepkm)) then
print*,"Error, model dimension out of range!"
stop

endif

ilon=1

do i=1,ilonmax
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ilonl=ilon+1
lon_now=float(i)*bld3-lonl_c
if (lon_now.ge.lon_c(ilon1)) ilon=ilon1
ilonloc_c(i)=ilon

enddo

do i=ilonmax+1,ilondeg
ilonloc_c(i)=0

enddo

ilat=1

do i=1,ilatmax
ilatl=ilat+1
lat_now=float(i)*bld3-latl_c
if (lat_now.ge.lat_c(ilat1)) ilat=ilatl
ilatloc_c(i)=ilat

enddo

do i=ilatmax+1,ilatdeg
ilatloc_c(i)=0

enddo

idep=1

do i=1,idepmax
idepl=idep+1
dep_now=float(i)*bld4-depl_c
if (dep_now.ge.dep_c(idepl)) idep=idepl
ideploc_c(i)=idep

enddo

do i=idepmax+1,idepkm
ideploc_c(i)=0

enddo

end subroutine bldmap

subroutine intmap_3d(lon,lat,dep,ip,jp,kp)
use ray
implicit real*8 (a-h,0-2)
real*8 lon,lat,dep
ip=int(1e-10+(lon+lon1_c)/bld3)
jp=int(1e-10+(lat+lat1l_c)/bld3)
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kp=int(1e-10+(dep+depl_c)/bld4)

if ((ip.le.0).or.(jp.le.0).or.(kp.le.0)) then
print*,"Error,lon,lat,dep out of range!"
print*,"lon=",lon,"lat=",lat,"dep=",dep
print*,"ip,jp,kp",ip,jp,kp
120150130_Take "stop" away and skip the calculation.
GOTO 130

endif

ip=ilonloc_c(ip)

jp=ilatloc_c(jp)

kp=ideploc_c(kp)

if ((ip.eq.0).or.(jp.eq.0).or.(kp.eq.0)) then
print*,"Error,crust lon,lat out of range!"
print*,"lon=",lon,"lat=",lat,"dep=",dep
print*,"ip,jp,kp",ip,jp,kp
120150130 Take "stop" away.

endif

130 return

end subroutine intmap_3d

function velocity(r,pa,ra)
use ray
implicit real*8 (a-h,0-2)
real*8 lat,lon,dep,shiftlo
real*8 r,pa,ra,r2d
real*8 v,velocity
common /coord/ shiftlo
r2d = 90./asin(1.)
lat=geoc_to_geog(90.0-pa*r2d)
lon=ra*r2d+shiftlo
dep=ro-r
call vel3(lon,lat,dep,v)
velocity=v
return

end function velocity
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subroutine vel3(lon,lat,dep,v)

use ray

implicit real*8 (a-h,0-2)

real*8 lon,lat,dep,v

real*8 lonf,lonfl,latf latf1,depf,depfl

real*8 wv(2,2,2)

common /weight/ wv,ip,jp,kp

call intmap_3d(lon,lat,dep,ip,jp,kp)

ipl=ip+1

jpl=jp+1

kpl=kp+1

if((ip1.gt.nlon_c).or.(jpl.gt.nlat_c).or.(kpl.gt.ndep_c))then
print*,"Error, ip1,jpl,kp1 out of range!"
print*,"ip1=",ip1,"jp1=",jpl,"kp1l=",kpl
120150130_Take "stop" away and skip the calculation.
GOTO 140

endif

120150130_Add jugdement to avoid "out of range".

if ((ip.le.0).or.(jp.le.0).or.(kp.le.0)) then
GOTO 140

end if

lonf=(lon-lon_c(ip))/(lon_c(ip1)-lon_c(ip))

latf=(lat-lat_c(jp))/(lat_c(jp1)-lat_c(jp))

depf=(dep-dep_c(kp))/(dep_c(kp1)-dep_c(kp))

lonf1=1.0-lonf

latf1=1.0-latf

depfl=1.0-depf

wv(1,1,1)=lonfl*latf1*depfl

wv(2,1,1)=lonf*latf1*depfl

wv(1,2,1)=lonfl*latf*depfl

wv(2,2,1)=lonf*latf*depfl

wv(1,1,2)=lonfl1*latf1*depf

wv(2,1,2)=lonf*latf1*depf

wv(1,2,2)=lonfl*latf*depf

wv(2,2,2)=lonf*latf*depf

if(ips.eq.2)then
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v=wv(1,1,1)*vel_s(ip,jp,kp)+wv(2,1,1)*vel_s(ipl,jp,kp) &
+wv(1,2,1)*vel_s(ip,jpl1,kp) +wv(2,2,1)*vel_s(ipl,jpl,kp) &
+wv(1,1,2)*vel_s(ip,jp,kpl) +wv(2,1,2)*vel_s(ipl,jp,kpl) &
+wv(1,2,2)*vel_s(ip,jp1,kpl)+wv(2,2,2)*vel_s(ip1,jpl,kpl)
else
v=wv(1,1,1)*vel_p(ip,jp,kp)+wv(2,1,1)*vel_p(ipl,jp,kp) &
+wv(1,2,1)*vel_p(ip,jp1,kp) +wv(2,2,1)*vel_p(ipl,jpl,kp) &
+wv(1,1,2)*vel_p(ip,jp,kpl) +wv(2,1,2)*vel_p(ipl,jp,kpl) &
+wv(1,2,2)*vel_p(ip,jp1,kpl)+wv(2,2,2)*vel_p(ip1,jpl,kpl)
endif
140 return

end subroutine vel3

subroutine pbr(evla,evlo,evdp,stla,stlo,stel,w,np,tk)
use ray
implicit real*8(a-h,0-z)
parameter (msg=16384)
real*8 w(3,msg+1)
real*8 r(msg+1), a(msg+1), b(msg+1)
integer ni,i
real*8 shiftlo
real*8 aas,bbs,hs,aar,bbr,hr
real*8 xfac,flim,mins
real*8 dpi,r2d
real*8 velocity,rtim
real*8 tk
real*8 as,ar
real*8 bre,bso,dlo
real*8 ad,rs,rr
real*8 x1,y1,z1,x2,y2,z2,x3,y3,z3,dx,dy,dz
real*8 rl,al,bl,r2,a2,b2,r3,a3,b3
real*8 x,y,z,acosa,sina,cosa,to,tp
real*8 dn,ddn,dr,da,db
real*8 dseg,ddseg
real*8 vi,v2,v3

real*8 upz,dwz
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real*8 vrl,vr2,vr,vb1,vb2,vb,val,va2,va
real*8 pr,pa,pb

real*8 vrd,rvr,rva,rvb,rvs

real*8 cc,rcur,rdr,rda,rdb,rpr,ap,bp
real*8 adV,bdV,rdV

real*8 RNULL

common /coord/ shiftlo
data RNULL /0.0e10/
! right now force the receiver at elevation of 0

aas=evla
bbs=evlo
hs=evdp
aar=stla
bbr=stlo

hr=stel

ni = msg+l
xfac =15

nl =2

n2 = msg
nloop =12800
fim =1.e-4/100.
mins =2,

dpi = asin(1.)/ 90.
r2d = 90./asin(1.)

I-- Check coordinates

if(aas.LT.-90.0R.aas.GT.90.)then
write(*,*)'Latitude of source is out of range'
stop

endif

if(aar.LT.-90.0R.aar.GT.90.)then
write(*,*)'Latitude of station is out of range'
stop

endif
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if(bbs.LT.-180.0R.bbs.GT.180.)then
write(*,*)'Longitude of source is out of range'
stop

endif

if(bbr.LT.-180.0R.bbr.GT.180.)then
write(*,*)'Longitude of station is out of range'

stop
endif

l-- longitude and latitude range from 0 to 180.
1-- This program does not work with angles

l-- greater than 180.

1-- Pass from latitude to colatitude

as = (90.00-aas) * dpi
ar = (90.00-aar) * dpi

if(bbr.LT.0.0)then
bre=360.+bbr
else
bre=bbr
endif

if(bbs.LT.0.0)then
bso=360.+bbs
else
bso=bbs
endif
dlo=abs(bso-bre)

if(dlo.LT.180.)then
shiftlo=0.0e10
if(bso.LT.bre)then
shiftlo=bso-(180.-dlo)/2.
bbs=(180.-dlo)/2.
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bbr=bbs+dlo
else
shiftlo=bre-(180.-dlo)/2.
bbr=(180.-dlo)/2.
bbs=bbr+dlo
endif
else
dlo=360.0000-dlo
shiftlo=0.0e10
if(bso.LT.bre)then
shiftlo=bso-(dlo+(180.-dlo)/2.)
bbs=(180.-dlo)/2.+dlo
bbr=bbs-dlo
else
shiftlo=bre-(dlo+(180.-dlo)/2.)
bbr=(180.-dlo)/2.+dlo
bbs=bbr-dlo
endif
endif

bs = bbs * dpi
br = bbr * dpi
ad=(as+ar)/ 2.
rs=ro-hs
rr=ro-hr

I *** jnitial straight ray ***
! ni : number of ray segments
ni=nl
x1 = rs*sin(as)*cos(bs)
y1 = rs*sin(as)*sin(bs)
z1 = rs*cos(as)
X2 = rr¥*sin(ar)*cos(br)
y2 = rr*sin(ar)*sin(br)
z2 = rr*cos(ar)
dx = x2-x1
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dy =y2-yl
dz =z2-z1
dlen=sqrt(dx*dx+dy*dy+dz*dz)
if (ni.lt.2) ni=2
dx = (x2-x1) / ni
dy = (y2-y1) / ni
dz = (z2-z1) / ni
do j=1,ni+1
x = x1 + dx*(j-1)
y =yl +dy*(j-1)
z=121+dz*(j-1)
r(j) = sqrt(x**2 + y**2 + z**2)
acosa=z/r(j)
if(acosa.LT.-1.)acosa=-1.
if(acosa.GT.1)acosa=1.
a(j) = acos(acosa)
acosa=x/r(j)/sin(a(j))
if(acosa.LT.-1.)acosa=-1.
if(acosa.GT.1)acosa=1.
b(j) = acos(acosa)
if(y.LT.0.00000)b(j)=360.00000*dpi-b(j)
enddo
to = rtim(ni+1,r,a,b)
tp=to
do i=1,ni+1
w(1,i) = r(i)
w(2,i) = a(i)
w(3,i) = b(i)
enddo
1 *** number of points loop ***
loops =0
do while(ni .le. n2)
I ¥** interation loop ***
do I=1,nloop
loops =loops + 1
do kk=2,ni
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I-- see um & thurber (1987) p.974.
if(mod(kk,2) .eq. 0) then

k=kk/2+1
else

k = ni+1 - (kk-1)/2
endif
rl =r(k-1)
al=a(k-1)
bl = b(k-1)
x1 = r1*sin(al)*cos(b1)
y1 =rl1*sin(al)*sin(bl)
z1 =rl*cos(al)
r3 = r(k+1)
a3 = a(k+1)
b3 = b(k+1)
x3 = r3*sin(a3)*cos(b3)
y3 =r3*sin(a3)*sin(b3)
z3 =r3*cos(a3)
dx =x3-x1
dy=y3-yl
dz=23-z1
x2 = x1 + dx/2
y2 =yl +dy/2
22 =z1 +dz/2
r2 = sqrt(x2**2 + y2**2 + 22**2)
acosa=z2/r2
if(acosa.LT.-1.)acosa=-1.
if(acosa.GT.1)acosa=1.
a2 = acos(acosa)
sina = sin(a2)
cosa = cos(a2)
acosa=x2/r2/sina
if(acosa.LT.-1.)acosa=-1.
if(acosa.GT.1)acosa=1.
b2 = acos(acosa)
if(y.LT.0.00000)b2=360.00000*dpi-b2
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dn = dx**2 + dy**2 + dz**2
ddn = sqrt(dn)
dr=(r3-r1) / ddn
da =(a3-al) / ddn
db = (b3-b1) / ddn
1-- Begin find the gradients and velocities
I-- first find the length of segment
dseg=sqrt((dx/2)**2+(dy/2)**2+(dz/2)**2)
ddseg=dseg/2.
! Now ddseg will be a distance to find dV
I along the coordinates
I Determine velocity at 3 points
vl = velocity(rl,al,b1)
v2 = velocity(r2,a2,b2)
v3 = velocity(r3,a3,b3)
1-- Begin to determine coordinates
1-- of pints surroundibg point a2,b2,r2
I-- at the distance ddseg
upz = r2+ddseg
dwz = r2-ddseg
if(upz.gt.(ro+10.0))then !--- | guess it should be ro+10.0
upz=ro+10.0
dwz=upz-dseg
endif

if(dwz.le.0.)then
dwz=0.00000001
l-- set to ro, mistake?
upz=ro
endif
I-- The following if-endif is just for P & S, thus comment out for SKS & PKP !!!
l-- This gives the lowermost mantle Vp in the outer core
vrl = velocity(upz,a2,b2)
vr2 = velocity(dwz,a2,b2)
vr=(vrl-vr2)/dseg
call km2deg(a2,b2,r2,ddseg,RNULL,adV,bdV,rdV)
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vb2 =
call
vbl =
vb=-1
call
va2 =
call

val =

velocity(rdV,adV,bdV)
km2deg(a2,b2,r2,-1.*ddseg,RNULL,adV,bdV,rdV)
velocity(rdV,adV,bdV)

.*(vb1-vb2)/dseg
km2deg(a2,b2,r2,RNULL,ddseg,adV,bdV,rdV)
velocity(rdV,adV,bdV)
km2deg(a2,b2,r2,RNULL,-1.*ddseg,adV,bdV,rdV)
velocity(rdV,adV,bdV)

va=-1.*(val-va2)/dseg

1-- spherical

1-- vel
l--va

l--vb

ocity gradient

=va/r2

=vb /r2/sina

I-- (tangential vector) = (slowness vector) / s

pr=d

r

pa=r2 *da
pb =r2 * sina * db

vrd = pr*vr + pa*va + pb*vb

rvr = vr - vrd*pr

rva = va - vrd*pa
rvb = vb - vrd*pb

rvs = sqrt(rvr*rvr + rva*rva + rvb*rvb)

if(rvs .eq. 0.) then
r(k) =r2
a(k) = a2
b(k) = b2
else
rvr =rvr / rvs
rva=rva/rvs
rvb =rvb / rvs
cc  =(1./vi+1./v3)/2.

rcur = vr¥rvr + va*rva + vb*rvb

Tut esli rcur < 0.0 proishodit hernia
poetomu postavilen abs. Ne yasno mozhno li eto delat
ili net no rabotaet. Obichno oshibka poyavliaetsia

ochen redko v nekotorih tochkah
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I v etom sluchae abs prosto ne daet oshibki y posledniaya iteraciya
I uzhe ne imeet rcur negativnim y podgoniaet normalno reshenie
I ( mozhet bit)
if(rcur.LE.0.0)then
write(*,*)'Negative'
rcur=abs(rcur)
endif
rcur = (cc*v2+1.) / (4.*cc*rcur)
rcur = -rcur + sqrt(rcur**2+dn/(8.*cc*v2))
rdr = rvr * rcur
rda =rva * rcur
rdb =rvb * rcur
rpr =r2+rdr
ap =a2+rda/r2
bp =b2+rdb/(r2*sina)
r(k) = (rpr-r(k))*xfac + r(k)
I if r(k)>6371 then force it to the surface.
if (r(k).gt.(ro+10.0)) r(k)=ro+10.0
a(k) = (ap-a(k))*xfac + a(k)
b(k) = (bp-b(k))*xfac + b(k)
endif
enddo
idstn=ni
do j=1,ni+1
w(L,j) = r(j)
w(2,j) = a(j)
w(3,j) = b(j)
enddo
ni=idstn
tk = rtim(ni+1,r,a,b)
if(abs(to-tk) .le. to*flim) go to 310
to =tk

enddo

310 continue
to=tk

I-- skip increasing of segment number if minimum length
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I-- of segment is exceed or maximum number of segments
l-- was reached
if(dseg.lt.mins.or.ni.ge.n2) then
igood=1
go to 66666
endif
l-- double the number of points.
ni=ni*2
do i=1,ni/2+1
r(i*2-1) = w(1,i)
a(i*2-1) = w(2,i)
b(i*2-1) = w(3,i)
enddo
do k=2,ni,2
rl =r(k-1)
al=a(k-1)
bl = b(k-1)
x1 = r1*sin(al)*cos(b1)
y1 = r1*sin(al)*sin(b1)
z1 =rl*cos(al)
r3 = r(k+1)
a3 = a(k+1)
b3 = b(k+1)
x3 = r3*sin(a3)*cos(b3)
y3 =r3*sin(a3)*sin(b3)
z3 =r3*cos(a3)
dx=x3-x1
dy=y3-yl
dz=23-2z1
x2 = x1 + dx/2
y2 =yl +dy/2
z2 =271 +dz/2
r2 = sqrt(x2**2 + y2**2 + 22**2)
acosa=z2/r2
if(acosa.LT.-1.)acosa=-1.
if(acosa.GT.1)acosa=1.
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a2 = acos(acosa)
sina = sin(a2)
acosa=x2/r2/sina
if(acosa.LT.-1.)acosa=-1.
if(acosa.GT.1)acosa=1.
b2 = acos(acosa)
if(y.LT.0.00000)b2=360.00000*dpi-b2
r(k) =r2
a(k) = a2
b(k) = b2
enddo
tk = rtim(ni+1,r,a,b)
l-- here i change tp and put to
if(abs(to-tk) .le. to*flim) then
igood=1
go to 99999
endif
to =tk
enddo
99999 continue
idstn=ni
do i=1,ni+1
w(1,i) = r(i)
w(2,i) = a(i)
w(3,i) = b(i)
enddo
ni=idstn
66666 continue
I-- Return coordinates to the origin
idstn=ni
do k=1,ni+1
w(1,k) = ro-w(1,k)
w(2,k) = w(2,k)*r2d
w(2,k) = geoc_to_geog(90.0-w(2,k))
w(3,k) = w(3,k)*r2d+shiftlo
if(w(3,k).It.0.)w(3,k)=360.+w(3,k)
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enddo
ni=idstn
np=ni+1
l-- convert ray point to cartesion coord.
return
end subroutine pbr
subroutine km2deg(ala,alo,adp,dx,dy,bla,blo,bdp)
implicit real*8(a-h,0-z)
real*8 ala,alo,adp,dx,dy,bla,blo,bdp
real*8 dpi,dps
I-- This subroutine calculate position of new point
l-- in polar coordinates basing on the coordinates
I-- of main point in radians ( la is colatitude) and dx and dy in kilometers
dpi = asin(1.)/ 90.
dps=adp*SIN(ala)
blo=alo+atan2(dx,dps)
bla=ala+atan2(dy,adp)
if(bla.gt.(180.*dpi))then
bla=360.*dpi-bla
blo=blo+180.*dpi
endif
if(bla.It.0.)then
bla=abs(bla)
blo=blo+180.*dpi
endif
if(blo.It.0.)blo=360.*dpi+blo
if(blo.gt.(360.*dpi))blo=blo-(360.*dpi)
bdp=sqrt(adp**2+dx**2+dy**2)
return
end subroutine km2deg

function rtim(m, r, a, b)
implicit real*8(a-h,0-z)
real*8 x1,y1,z1,x2,y2,z2,d|
real*8 rv2,sm,rvl,rtim
parameter (msg = 16384)
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real*8 r(msg+1), a(msg+1), b(msg+1)
integer m
if(m.GT.(msg+1))write(*,*)'*'
rtim =0.
rvl = 1./velocity(r(1),a(1),b(1))
do j=1,m-1
x1 = r(j)*sin(a(j))*cos(b(j))
y1 = r(j)*sin(a(j))*sin(b(j))
z1 = r(j)*cos(a(j))
x2 = r(j+1)*sin(a(j+1))*cos(b(j+1))
y2 = r(j+1)*sin(a(j+1))*sin(b(j+1))
22 = r(j+1)*cos(a(j+1))
dl = (x1-x2)**2 + (y1-y2)**2 + (z1-z2)**2
rv2 = 1./velocity(r(j+1),a(j+1),b(j+1))
sm=(rvl+rv2)/2.
rtim = rtim + sqrt(dl)*sm
rvl =rv2
enddo
end function rtim

real*8 function earthr(xlat)
I this routine establishes the short distance conversion factors
I given the origin of coordinates
I the rotation angle is converted to radians also
I common block variables:
I local variables:
double precision dIt1,dxIt,drad,drlt,xlat
data re/6378.163/, ell/298.26/
drad=1.7453292d-2
drlt=9.9330647d-1
dxlt=dble(xlat*60.0)
I conversion factor for latitude
ditl=datan(drit*dtan(dxIt*drad/60.d0))
earthr=re*(1.0-sngl(dsin(dlt1)**2)/ell)

end function earthr
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N BRI ELIEF 4255 (FORTRAN 95)

I search the best fit grid

integer i,ii,ip,posi,id,k,posi_wei

real f

integer:: minv(1)

integer,parameter::n=5549610 Isource numbers
integer,parameter::m=10 Istation numbers
real(8)::database(n,4), real_rank(m,5),rank_diff(m,n/110) ,source(n/110,3)
integer :: diff_sum(1,50451)

Illlread database
OPEN(10,status="old" file="database.txt")
doi=1,n
read(10,*)(database(i,j),j=1,4)
end do

Iread real sta. rank
OPEN(11,status="old" file="real.txt")
do i=1,m
read(11,*)(real_rank(i,j),j=1,4)
end do

Ifind the rank difference of each source
doii=1,m
doip=1,n
if (database(ip,3)==real_rank(ii,3)) then
f=ip/110.0 I find souce point
k=ceiling(f) ! returns the least integer greater than or equal to f
posi = mod(ip,110)-1 ! find position
if (posi==-1) then
posi=109
end if
rank_diff(ii,k)=abs(posi-ii)
end if
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end do
end do

I comput the sum of the different of each sources

do id=1,n/110
diff_sum(1,id)=sum(rank_diff(:,id))

end do

Ifind the index(source location)
OPEN(21,status="old" file="sou_location.txt")
do i=1,n/110

read(21,*)(source(i,j),j=1,3)
end do

minv=minval(diff_sum(1,:))
write(*,*) 'the minima value is: '
write(*,*) minv
write(*,*) 'and their source are:'
do i=1,n/110
if(diff_sum(1,i)==minv(1)) then
write(*,*) i
write(*,*) source(i,:)
end if
end do
end
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