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Hypocenters are generally determined by a method which focuses on onsets of P and/or S
waves. As the number, density and quality of seismic stations are recently enhanced, tremors
with small amplitude and large duration without any clear onsets of P and/or S waves have been
discovered. Epicenters of these events cannot be therefore determined precisely by conventional
methods of epicenter determination. New approaches for epicenter determination are required

without picking up onsets of P and/or S waves. In this study, we introduce a new method called
Relative Maximum Algorithm (#)ZA). This is a hybrid method of the Source-Scanning Algorithm
(8S4) (Kao and Shan, 2004) and the Network Correlation Coefficient (WCC) (Ohta and Ide,
2008). This utilizes the maximum of amplitude in each seismogram and determines its focal
point and origin time relative to those of a reference event. We determine focal points and their
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distribution of events without any clear phases by the three methods and compare their results
each other. The events used in this study are fourteen events located in a 15-35 km depth range,
that is, in the lower crust, beneath Tokachi-dake volcano located in the center of Hokkaido,
Japan, which occurred in November 2002. We used seismograms recorded at up to twelve Hi-
net stations around this volcanic region. We determine their focal points with precision of about 2
km in all the directions and about 0.5 sec in origin time. Although the accuracy of Hi-net report
appears better than that of RMA, we may enhance the accuracy of RMA by careful analyzes
of waveforms such as bandpass and time window filtering, considering each quality of observed
waveform data.

I.1Xx C & Ic

Hi-net ® X 5 72 ks B & 5 B OB LB G oD KO ICRo e 2 LT, fEkOME
WS TR RS THFMHERET2H LW A TOMBBRSZICONTHRMORIEEMEN K & <A
Wofz, Thibb, BHEOME TIIFVEIEONLS EXYPLTHEEL, TERHTLEET
NFY ZLBERSNTWZOITH LT, R TOMHBRLS BBV 0370 <, 6L E—ED
REEORICE S £ 9 2BI%L, BEO /A XLIEIRATEDL L9 IChoTz. &V biT,
74U BT L — h 3 A ARANEAIA TS THENR SR S 4L, £ ORI EFEL
<2252 (FlxiX, Obara, 2002; Tto et al, 2007). Z D X 9 72BN & DI T
TERDOHMBIEFELD L DI P SO D E3Y Ol GERR) 722 b EBIRAME & FERFA
DOWEITTET, FILWFEPLIEL 25, EloMENRICOW BRI EO = Xe—T D
FHAEAABE > DRERFZ OEZFH A, BRREZ1T-> TE . R TRRBORBRS AN TX
D M e R ENR OB ZE A R E D X 912725 T&E 7 (Maeda and Obara, 2009; Obara et al.,
2010). 5T, BS OIS > TS KIHIH TOKIIEHBNC OWTIE, B M
PERHIE 22 L 7212 DIRIBIT R D 2 TIHENROALE 2 RE T 5 HEBIRES N, —EDOMREZZEIT T
W% (Battaglia and Aki, 2003; Kumagai et al., 2010).

74 )BT L— MMCHE S MERC KILMEREN D X O 7@ OHIE L4 < Rp o TR 2 ek
T LA TIERWA, P SHEDNH ERY BIARRCTRWENEE & 72 5 BEHR S ZIUE T
KOPFERINTND., 2O XS RFEMERSEROFI L L TIE, BAFIBENTED > LE<
1980 EARE 2 B, THEBHLR THA T 2 HUSTREMEE KB S Tz, 18H ONEEHEE 2
E A ETA L RWRE 15km LT O FEIHIERICALE L, BRICE UL o KL T T% <3384
T L7, mEEHENAREL TWIFEbH-> T, KIUEREOFELRE S LLIEHI AT
72 (Ukawa and Ohtake, 1987; Hasegawa and Yamamoto, 1994). L 2>L, ZDOFEX D= LT
2200, PR EDOSH ERYBHEETRWEDIZ, BRBERIEE L KO LT, FHEDOEE
ZEI AT B E I+ IR STV 2R,

FIE T, Hinet B KS)T O —JobLE 2 EIC X > T, HARIIEGDOH G P LM TO T
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AR E I B AL —F VIR TE 2 K9 Icke o TE 7. &G - B4 (2009 TiE, Zo
XL TR E o T ARFE B O RARRK OB, TIrOHESNIBHFEBENLELOLNT
Wb, UL, ZTOREAD=XLOREERED DX, £ PIXBIRORZEM S0 2k X <
HRETLOHLEPD D, LR OWEROEFRREED LI, PESSEDONLD LR &k
a7 —4 L L THWD O TIde <, SN OB E AW ZH LW BRI EE % % -
HWHTRETH D,

AW TIE, ZHhDHOHLWERIEEDOH T, =00 k& HUB R IR 8w #i5E o BRIk E
AL, EHERHEEDONATY v MREDVEZXDHLWFIEEZRET L., —DEhF4 - h =2
o — NHIF AL O UL AR B H T 1T 2 ENRE O BIRIR E 12 7212 Kao and Shan (2004) AMEZ%E
L 7z Source-Scanning  Algorithm (LAf%, SSA &MES) ThHDH. ZOHFHETIE, PEZREDNS |
MY RZORD VI, B S N HBIRIE ORI O R AME (SIEICHIET 2 LEZX D) oLl %
BRREDCT =2 L LTHWS., ZOfE, @ OBRREE & FEIC, BIRLE OHEHE %K
HD., b O —2DHFIE, Ohta and Ide (2008) H3HEZE L 7z Network Correlation Coefficient (PA
%, NCC LWE) THY, ZHEHABREOKEEREOMOMEMBORKEZRKD T, £0
A2 0 B BIR ORI RIE 2RO D FETH 5. AR TIE, SSA © X 9 KB O
BARMEORAZT—42 L L THWD R, MMMZRERME TIERL, b RMELRIER (X
B XN ERER) D DOEOEAKMEORA & O Z2 KB TRD, TOERO~ R Z —
A X2 DB ORI R BIRALE 23R 2 ikl A 5. T D Relative Maximum Algorithm (24
%, RMA EWES) L4fHT T ik, SSA &9 flifE & % NCC O X 5 I[HaxHH 72 BIRAL
EELTRDS,

EF, IOD 3OOFELMEHT DS, WiC, JbiEERIEOHBEHE &V O IEEIN R KILEO T
THE U T2 G R i LB 12 D\ T, JEE @ Hinet B TOEF e A HNT, 320K
ECERFEMEZHEL, BESLKEERE 2T 5. &EIC, THHEHIETO—E O HZEEE
KA HER OB E 3 DO HETRYD, Hinet DHAETHEFFERL &0 T, HERHL, Z
o OHBIEB OREZZH 5 b HHICE R T 5.

II. BRRED 3 DDFE

BN REICB N T P SIEON S B3 SR TR WEIROALE - FEZ O PFEIZDN
T, ST INETRESINTE L OOREKN R HFEEZE LD D, £Hid Kao and Shan (2004)
® Source-Scanning Algorithm &, Ohta and Ide (2008) ¢ Network Correlation Coefficient T &
L. HNT, TOZDOOHEDONATY v RIREHTLWERPED HELZIREL, T O Relative
Maximum Algorithm & FESJ7{EZfiF# 3 5.
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1. Source-Scanning Algorithm (SSA)

Kao and Shan (2004) ®SSA Ti&, PESLSEDONDL ERVIFL (WbwD, ERE) DOFEh
Y 238 U WETRIGEER T IV T, B BLI R T ORI RLEk DIRIE O Fc KB D REZ 2 BRIFRRE [ H
5. 25— O0OFRFICHL T, NEOBRATORBLES HFEONI LT D, ERNICTXTO
BRTRILFHIS AT A TH D Z L ZHIHR L T 545, oL AFHUY 27 ADMB R TR -
TWe e LT, ZOEEERMR ENH2BREDP> TSR biE, FUGHIRMEL 25 X5
(AR T DA IE & U 9 RITILEE 24T 2 X 2V, SRR C O3 Ro sk 2 IRIE O 5 KME THIk L 7z
%T, AR ERDD, ZIZTE, n FHOBMRIAOORKMEE u, () LT5. BIROMEx &8
R Z2EL T, T u, (1) 75 “brightness” EFFENDEEZUTO LS ICEFRET 5 ¢

1
N

br(x, o) = Zun(r+ t,) (1)

TIZT, L HRE LEBIRONE x 225 n FHOBREE TOL X b EE#RE T T L on
TOEKRTHD. SSA TRIFEOHKKMEEZF VD DT, WEIIEESKOERLLD, Db
ExLTtOBBELTT ey ML, ThRKERDGEY, BROME & BRI EHETS.
W OBIRIEE TP IR EOREDMABOS S LAY L, J72bbilkisk t Tilk
WITIRBIDMEE DEA 25— 2 L L THW S 72, BEESEIAT 25T « Bl 2RO T b DI
LT, SSA TIRHEZ TWDSEFEREDO T THRADIRE 2B L 72557 - K2l 2 B 3K
HDHZ LD, BRA D= AABETEREL AL TND, 7 r— 0 CMT ## (Ekstrom
et al, 2005) TRK®HOLNDALE - FEANCREAIC TG T 2.

COFEEAVDEIC, —2OMEIIERET TOHEREIC L2 EFEOENMTH S, i
RGN EIET D HIEL 72 & O 25T 2 MBI ITBELSI R IC X - T, b B2 BNt
T 5 R KIERZ 2 RZ B ERERE L & D ICENLTOWSERPE LN TS (Saito et al.,, 2005).
Thb, BREHSISIER CBREORERELAVD 720 2 EMBEITRWD, SEIERE
REEBEOFIEEZ E LD THVWDHAITIE, T X5 REHMHIC X 28I % BB ICITHEL Z2n e n
Frpv, L, REREREE L P2 IE OB RIIMB IR O AR B IR <RFFET D72, Zo
FEEBEH LI TIIBEE SN TEL T, A THRROFEL T2 22 JITMHFEEL T
<.

2. Network Correlation Coefficient (NCC)

Ohta and Ide (2008) ® NCC Ti&, F—BAIETO=>DA X hORFEFEEKOFH EAHRE Z
FAHEL, TORKEEZRLMHEZRET S LT, =201 X b ORI EIRME & 55E
A ZRD DD THD. &4, Z2PDAXUE (LW RTFEMTLET D) OEFLeHK
MNEOBHETHEOND L, iIZHOA RV MEHEHEL LT, THICHT D/ FEBHOA R
b ORIRALE & RERAN 2RO B, 1 FHOA R MCOWTn F H OB TORF S " ()
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BTV XL TELN M EORRGNIE, LT X IcEbHd :
ur=u" (4 t,+ (m—16t)  (m=1,.,M) 2

T, Ot XF Y H NG ORME, o 3 BEOA XY N ORERL, ¢, 13 FHOA
N FHOBRRETOEZTWOMMOERTH S, ZOERIMEHRT 5 HEHEZ
(7 L CHRINCEET 5. FREC, jERHOA XY FoWFREgu" @) TonTiE, BT E

E &z T

W=+, At (m—16t)  (m=1,..,M) 3

IT, AtIF=20A Ry b ORERLOE A, &, ZODA XY Mirba FROBRNET
@%ﬁ@%A%&@ﬁf%é.A%i:O@4NVF@%ﬁ®ﬁ%@ﬁﬁ%ﬁ%A%U$E#
57 BA~OBFRMELFESNY bV) ICXoTHRES.

ZOLT, nBHOBRATO DDA Xy b6 OEFEEOMAMMEE, LLTO XS ITE
#TD

Zm in ]n
/Z,n(u:zfzm(ui:)z
FTRTOHBEICONWTOHEFBEOFEEMEIL, —oDA X hOEBROME L FERL O
(Ax, & Ar,) OB¥E72%

CC,(AD)=

(4)

NCC(Ax; At;) = i) ®)

Z O % Network correlation coefficient, NCC & M5 (Ohta and Ide, 2008). NCC 3Kk L 72 %
Ax; & Az, 3, TZTROESELTWL/BHOARY MTHT D/ FHOA N2 - ORI
REBIRONE & FBRANCHINT 5. SSA IPHERIi 72 BIR OALESCHBIRA 2k 5 DIcxt L T,
ZODA R N ORI RPLESCHA RO TS, 2ERBIE, BERASEHNETOZS0
WRRANEIFILB RO T, ZOMORIRFE (HERMIE) CBRSE TOY A MR L &M
HEPHEE SN, A 2EREVBEEICRDD ZLBTEOINLTHS.

T 2 =20 A XV b OBIROMHXH 2200 Ax, & n &R OB E TOEROZE AL O
BRI, Aoki (1974) @ FEZAWS. Figl it ko, (/BB L/ EHDA R s DEEA
Bz P (x,y,2) LP (x,y,2) &L, S, ZnZHOBRA LTS, P, L P OIS, ®
TORBICHERTHRTNSNE LT, ZADEROLMITIZLAERLTHL ERRL, £D
HERTHEOBMAY M %A= (nn,n) ET5. T5E, ZAROWKR (PS, L PS,)
DREDFE (6L,) &, 2H8MO7 MV AX, L n ORFETEE SN ¢
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Sh

n=(nx, Ny, m
oL, (nx, Ny, mMz)

Fi (xi, i, 2) €% Fi 04 y1. 2)

Fig.1. Geometry of two adjacent sources with one receiver. S, is the location of the n-th receiver on the
earth's surface. P; and P; are the locations of the two events whose distance, ‘Axij,

is sufficiently small
compared with the lengths of ray paths, P;S. and P;S,. The direction cosines of the ray paths from S,
to the source region are given by n=(n,, n,n,) , and the difference of two rays is 6L in length.

6L, ~n-Ax;=n,(z;—z) +n,(y;—vy) +n,(z,—z) (6)

— 5T, ZARDEHMDOESDEF, ZODA Xy MTOWTBHI SN D ERFOE AL) & BRI
DHE v (P ETNT S PORE) DOFERDT,

6L, =v-(t,—t,)=v-At; @)
£oT, Ax; & A FEITOBERICGEETE S ¢

(x;—x,) . (y,—y) o, (z;—2) ®)

At,.=n
v Yoo v

WAROBIRCTOHEOEALRY hvniL, TOHIROBEHERNREERE, +72bb—RkuuEEH
EHEETADPOHESNIETHFAREETSHS. 295 LT, NCC ORMOBHETIFHHETE,
ZORKMEL 2D Ax,; & At ZRdIT R,

3. Relative Maximum Algorithm (RMA)

A TIRBT 55 3 OFEEL, KO ODOHETH S SSA & NCC Dfi#ix £ L oAbt
LOTHD., SSA TIRHBHIIIE ORKIREORZ 27— % & L THXTI R BIRONLE & FERE
ANaRDIDB, NCCDEIChHA Ny b EEEL LT, 22000 REBIROME &5
BEZEZRD D L5 IEBIETS. (1) D brightness DEFZDR D VI, i FHDOA X N OFRE
Bl o R ML LB A 0K BIEE TO/ZBBEOA Ry FOBEIETEEELADES L



WIR72 7 = — ZA 7RO HIEE OB LW IR E IR © 1B KL R o0 Mg R AR R i e~ D 73

T, ZOHA D brightness ZEFET 5. BRS L LFFEICNEE L, NCC ERFEICZ2>DA
RV b OBIREOLEOZE L BIFRAI D% Z Ax, L At L30T, HL <EFES D brightness 1%
DUFoX5icks:

N

br(Ax;, At = Z

n 1

P, 9)

22T, XD, EFRERIT, ¢, X/ BAOAXRY I Hn FBHOBRNETOERTHS., —
DDARY NPHOEROETHD A 1X, REQ@) ICL-TROLND, A" 1% n & H OB
EAROHEHRTSH D, ZOTETIL SSA RIS, SBIHNEIY LD KA ORZ] 0> b BRIk
EZITO. BIROBEP TOMMAREENEIC X 5HE R EDOFEICEY, MBEFIIKEL<EDY,
Y o TIEMEREKR L 72 2RI EN 0 DBE L, TOREBMEENRELR D, Fio, HIKICX 2E NI
MAT, DFLTHEMREEPIEDLD LELERDARELH L. ZbiE, HEHERSICE
> TRBAIZRIFFERDIEE > TWD b DD, {4 DIETEFFRIT OV TRILANTEHME 3 2 BRI I3 =
STV (il 21E, Saito et al, 2005; Takahashi et al., 2009).

X (9 OIS ICEET D2 =DODA XU FDOEBELERDDT, 0O X5 REEAEIC X 2 RKIR
g & 72 2 BEZI OBBIEDFED L IV R 2N TE S, LiL, BHEETTOZOLH %2
B & ORI BR A B TR, ZOFETHLETOREBIIELIOT, ZoREE A" L
WORIEHZEA T2 Z & T, BIRRECEMMREZELRIZTIOL O RIREZMIKRIZ L
MTEDLEEZRD, iZAHDAR N (HHELRDZOT, DBETAZ—A XU N EESR) |
TOBBR COMEINDERL, (n FHOBRIRDOSGS) ZMIELTZE T, RRIPRKL R
DL BB EICHIE L, CHNEBRSMIEE A CHEETS. AN RIS L TROET, J
HRHIZKT D/ FBOA NV hOfLE & BIFEIEZ 2, 2 (9) 12XV brightness 23K & 72 % 8 &
L TRed T L,

. hERAMERIBMEDRMEHERAVEERRERE - TEMOLHEK

Ol X 5, Tk CRAET D IEAE N ME (ow-frequency earthquake, LA#%1% LFE
ERES) X, 1FEAEPNEFRKLOETFICIMEL TRV, JbEg b 2o X 2 2@
5 (EfEE2e, 1999). A CIERIEI CMHLL 72 3 SO BIRREEZ, JbifEEHREOKF L
WD 5L, fbIFEI 22 HREEKILAE T OB E 15-35 km T 2002 4 11 HIZF84E L 72 LFE #HiC
IS 5. Fig2 \cfE A+ 2 LFE I 2W T, Hi-net BIRE L e BIRME #7T. Fiz, T OMHEH
P Hi-net ORI S & ZDORELE %, Tablel & Fig3 ek L5, BIRIE ZR AT 14 @ LFE
[Z2WT, Hi-net DAIZ XA BIRFERIL Table 2 1I2F LD 5., THHIT@EF OMEIZ EHAK T
X723, ERFOFAIY B TELERE TOWRIE LD P 723 SEOBERZ» LIRE S
2bDTHD.
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141 14z 143 144 143 00"

Fig.2. Epicenters of low-frequency events that occured in a depth range of 15-35 km in November 2002 in the
Tokachi-dake, Hokkaido, region. (a) Broad area, (b) close-up of the epicenter area and (c) the area including
the investigated events.

Table 1. Hi-net stations in and around the Tokachi-dake region used in this study.

Station Name Latitude ( N) Longitude (' E)
N.BEWH 43.5113 142.3906
N.BEEH 43.5038 142.6006
N.NFRH 43.3841 142.5245
N.FRNH 43.3697 142.3409
N.SKNH 43.3337 142.9448
N.AYWH 43.2708 143.4317
HU.TKD 43.2388 142.9308
N.SKSH 43.1739 142.9176
FURANO 43.1660 142.5897
N.SMPH 43.0406 142.6562
N.MMRH 42.8920 143.0603
N.SHZH 42.8742 142.8830

ZOHITIE, £34O0DLFE (event 2, 3, 9 & 12) 12OWT, 3ODERFEELELZISHL, H
EREROKEE - LEMER E 2T 5. Table2 @ event 1122\ T, LFE O Szl it
O —fl & LT Figd(a) 1ZRT. ZAVUTARPFIETHWIZA R hOFTHRARLDT, oA X
v (Bl& LT, FighlZevent 2 OBUAIKIEGLH ZRT) ITHARIVL PSS IO ER A HEL
FIRCTH D Z L b, FHXHRBIFRMEOREICRWTITEEL R~ A F—( XU ML TH
w5,

DIz, AificHlRY Eif7e 3 2OERFEE 2SO LFE I L IR 2R L, &ZicE
B OFER % Hi-net THAESNTZHERLED T, LTS,
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Fig. 3. Locations of the Hi-net stations represented by triangles, as listed in Table 1, with the
reference event (event 1) represented by the star.

Table 2. Locations and origin times of deep crustal events beneath Tokachi-dake volcano in November 2002
after the values reported by Hi-net (A#tp./www.hinet.bosai.go.jpl ).

No. Month/Day Time (JST) Latitude ('N) Longitude ('E) Depth (km)
1 11/24 01:30:59.810 43.1632 142.7383 22.3
2 11/24 01:31:51.290 43.1617 142.7458 26.3
3 11/24 01:32:07.290 43.1702 142.7260 24.8
4 11/24 17:28:46.420 43.1452 142.7453 26.5
5 11/24 18:18:17.840 43.1462 142.7412 22.1
6 11/24 19:41:20.400 43.1562 142.7348 244
7 11/24 22:36:17.600 43.1718 142.7488 30.2
8 11/27 20:14:40.390 43.1832 142.6848 254
9 11/27 20:44:30.600 43.1963 142.7270 21.6
10 11/27 22:52:30.200 43.1795 142.7805 251
11 11/29 19:02:37.500 43.2073 142.7427 234
12 11/29 19:03:11.000 43.1963 142.7242 24.7
13 11/30 21:41:06.530 43.1720 142.7168 20.1
14 11/30 23:34:35.000 43.1578 142.7308 248

1. SSA

Z ZTIEET Table 2 D event 2 12 2WT, SSA ZHWTEIRILEZ1T 5. Figh ICITE SR
DN BB F~, AEHRE COBEREER#k 27T, Fighla) DEEFEHED S B, /A Xk
NTEEBPRKENVWLI~SH DAY RRRT 4 VE =250 %2 L% T Figh(b), b
N NEWEHNT, ERE 0K LRSS (Figh(c)). TR (1) O FHOBIEIS TD
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Fig. 4. Seismograms of event 1 in Table 2 used as the reference event with the starting time of this
figure to be at 01:30:44.000 on 24th November 2002. (a) Observed waveforms, (b) bandpass filtered
seismograms with 1-5 Hz, and (c) their envelopes.

@ CH ©
\JN\MMWMH' o,
KSH WM
bl o e sl vl
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Normalized Amplitude
3
gz § =
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Normalized Amplitude

N, H N.B
V1 A (i i s e WM@L
0 10 0 20 4 B o 1‘[) 20 30 40 L o 10 20 0 40 50
Time (s) Time (s)

Time (s)

Fig.5. Same as Fig.4 except for seismograms of event 2 with the starting time to be at 01:31:39.000 on
24th November 2002.

w,(t) LD, BRPOERSE TOER 1X, Table3 O#iAIEA (1988) 733K 7 kg Hl;
DOPWHD 1 RTEERHIEE TV ERAVD. SSA [TBRINE Y Lk O IRIE S ok & 7 5 BEZ & v
DOT, ZOHREICIEESESHIET S LHEETEHDOT, V,/V OH%E 173 &L TS EH
EMEETNVELT, WETHEFRME X 2OBHNRETOER, 23HHT 5. 2L T, X
TOBREPS D u, ) %2, (1) O XD ICEFEAE x & FERZ] ¢ OBI% L L T brightnessa
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Table 3. Velocity structure of Hokkaido used in this study (Suzuki et al., 1988)

Depth (km) V, (km/s)
0.0 5.8
30.0 6.8
35.0 7.6
405.0 9.0

DOHAFEELTRD D, TDevent 2 122V TIE, Hi-net OWE S NIBHREHR 2 2EIC, BIFAL
B X Ak A3 LR 43.063 2~ 5 43.263 [ E T, A HAE 142.638 72 5 142.838 F, X A3 123
N5 323km £T, FERL 220024 11 H 24 B 1K 31 9 39 &2 HEHEICH 50005 250 %
T, WO ZNENOHPANT, brightness DI KEZZEL T <,

Fig.6 IZBIRALE x % Table 2 DfE & L 7256 OEIRIEZ] © 1267 % event 2 @ brightness D234l
RS, DIE, FRERBICRB VT, fEfiE brightness D KEIS K4 B AT RMEE RS, 20
7> 5 BRI Z) 1T brightness 23Kk & 725 15238 4%, &ig, Fig7(@) DA TFTORDOMRMRET
RLTICZOEFEFREL ZBEE L T, BIRALE x DBI% & L T brightness ® 3 It 4 % Fig.7 (a)
WRd. RERHEID I, BE RS, BE—HEE, 2L THES —EE O brightness D KE (IR
DEH) TOWEICL D 9MXZRT. Z O brightness DA DA 72 D S SBIRALE L HEE
IND. BAMERD X ITZ—20FICEFLTRY, BEEBICEEXZOMICRTREIC
TR TE D, BRTHL KBS 5725, Hinet THE SNOBRIRMLE 2 A GO RERITRY. Fig?
(b) 1TiE, FERSEOWFEREO MBI L T, T X 51Tk LN ERAE & BB

7\ i

[V

<
R

Mormalized Brightness
MNormalized Brightness

oo 08 |
15 20 2 130 135 140 145 150 155 168.0 165 17
Origin Time (s) Qrigin Time (s)

Fig. 6. Variations of brightness of SSA with respect to the origin time for event 2 (a) from +5.0 to
25.0 sec after 01:31:39.000 on 24th November 2002 and (b) from 13.0 to 17.0 sec as indicated in the
square of (a), assuming the focal location listed in Table 2.
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Fig.12. Same as Fig. 9 except for variations of brightness of RVA for event 2 and difference in time
At around 01:31:54.810 on 24th November 2002 (a) from -15.0 to 5.0 sec and (b) from -5.0 to
-1.0 sec.
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