Joogtdbobogtdbootgdbo-ggubood
Juoogdbobguyn-

0 0o oo, 0o oo, od od
gog oodooooood. ggooon
[ 25

gag 85-94

googooogad

Earthquake Magnitude Estimated from Coda
Duration-Experimental Formulas for NOEV
Stations-

URL

http://hdl .handle._net/10232/00003936




RRBRFHARLE (b - £
No. 25, 85-94, 1992.

REEBREEIC L B~ =F 2 — F
— i P S5l = K IIBLRIT 12 351 ) B B —
KEGYY - AEEE - REMEZY

(19924£ 9 A10H =3)

Earthquake Magnitude Estimated from Coda Duration

Experimental Formulas for NOEV Stations

Koji Nacauama®*, Toshiki Kakura" and Kazuhiko Goro?

Abstract

Several experimental formulas were investigated for estimating earthquake magnitude at
five stations of Nansei-toko Observatory for Earthquakes and Volcanoes (NOEV), Faculty of
Science, Kagoshima University. On the basis of magnitudes determined by Fukuoka
Meteorological Observatory (FMO), we obtained convenient formulas for near earthquakes at
each station using coda durations 7r—p measured from P arrival times such as Mr-p=a log7r-p+
Blogts—p+ 7, Mr_p=at logtr_p+Brs—p+7 and Mr_p=a logTe—p+7, where Ts_p refers to S—P
time; coefficients «, B and 7y vary from station to station.

Both coefficients @ and B are rather large at TIR and AKN situated on the back arc side of
Kyushu while small at SIT on the oceanic side. Large values are also observed at KSM where
seismic waves are largely attenuated. They are probably useful for investigating a regional
distribution of attenuation factor.

Key words: coda magnitude, Kyushu-Ryukyu arc (Nansei-toko), attenuation factor
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I. 3UBHIC

KHRAFEE T 5 BEL LaiH» 5 BFEBOMEESH KT LEL THEES ST A F—Fvs
¥ — B4 (Mogi, 1969), H5WVIIRIESCHFEME L L, BEHBEFEH OB (X HETF M5
DIDDENGZFEOVDEDLE LTEZLNTEY, ZODIZLE L EFES X OEE L
OV ORI, LIS N BRI B A EARRAEIER & 2o T\ 5. HIZEEENSZ 4151213,
A DHBEIZOWTAEUETPHEBLOS g2 MRIECE2BEOBUAEEILETH
B, (GBI & BRHED G D IULTEE L NVASBIRTE A, L L, BRAEEEICEROD LA
WEIRE T, 172w LIS O AT UEIR Sk v/ S 2 B 52 AN B o0 [ 8 B9 K56
SEED L. KIEPIEEEIIEANSEED S—P HESH P OHEETEX LA, HroMEN< S
=ZF 2 — F2EHRE L LTmbiiE, ToX) 2@y 9 AOMEY O/ EH L~V DAL
*RAHZEDUEEICR B,

1B EOMERLE ) HHEONLEHRIE, BENIRET, P B LU S EORLERY & IR,
RARIRIE, T — ¥ OBFELKMAR, REBRE»S 2 4 AL )VIZHE NS T TOYREIHRERR C
HA). BABEXESRE (FMO) 1%, EMT & 5\ i EMT76 CEIM & N7z BT By O K KHE
BIREEZ AW, NERBEDY S =F 21— FE2RO TV A, BBl S NRKIREIC, EEO&
fAIFERIAAT ) R R ME xS OB I X AMETINZ, B2 KRR IRE L CER R
% S—PEFHIZEZ L, 1EESEOADOEHETSH - THREEETEE T HEE CHREAIZF]
HATELETTHE., LPLYAFI v 7Ly IS MHRTERVWY 27 A TIE, TR
72OIBE AT RESEIIE S O TR WHEIBICIRE SN TL T ). UKL, P JKEIEREL KL
L 7-iREh Ak e s (F—P BF) WA B Bl 21, Tsumura (1967) 7 &1 i, #fiEL T
BETLHED LZNVIZ—ENERHCTITYONL T AT LGB L2V OD, HETHHEH
BT 5b.

—#%IZ, 1 OOBEMETIE, 1 D2D0EEA LT ITXTCOBBEICERL v/ =F 21— FEEHE
L, BEICL o B S OMIEEEMZ, ThePY L HRETIHEND S =F 21— F&
T5. LaL, BEErER2NIERROBIEIF U CHREA RS L1, IRBICG/HT 58
HIHECIE, HIEFTCHBREEE OBV E ML C, BB IR R A RSN D 5.

DX TIE, IREREGRER, S—P EERIZE R 5 X -y —LFT 0L OpDT = F 21— F
EFRAIZDWT, FMO DD 7 =F 2 — F (Memo) (JHERLL, BEE B K ZFHR 220 I8 me G
EolhE X ILERIET (NOEV) Offl # OEM S IR E KD, EBZRNOBEEMEL & L IRBD
Wil c oW T EET 5.

I. 57— %

FLAZH 7L 512, WMNEZFORABICERE A/ ED~ 7 =F 2 — FOETEIZ, FMO &
TROKXEFHNTNS !
Mrmo=logA,+1.64 logd+7
Z 2T Az 13 EMT & %\ id EMT76 CEBIHl S 7z E BN O R EEENE (H4713 10~°m/s),
A ZEIREEEE (EA7IZkm), 7 IZEET EMT 122\ Ti30.22, EMT76TI30.44Th A (RS
X&54H, 1991). 4 OHWED Mevo 1, SEHSEICZOREEH L CTRO S N7 MEOELM
FHTH D, BROZELHE, WEICL > TIRHEBNAMTE LI BIIRENELLI LD
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Fig.1. NOEV stations used for the present study.

HAH. LH»L, NOEV Bl ZI2B1) A/ EICET 2RI Z ED 5 720 O 7%
L LTHWADIZ, KRELFTENDH A LITEZ LN,

BT ERIL (CYS), MAMR (AKN), PE&B (SIT), &M (KSM), ¥R (TIR) #5 KT
HY (Fig. 1), EHOE=F —fLHFLTETHORKIEE (4,), F—P B (), BL
S—P B (rs-p) ZHRMEITS. IR TNTEAFL 1T, CYS DAI IS, ZOfid
ETE 1S OADOENTHS. 72, CYSDE=Y —iC8kiE 3ch DBV ERMLI— % —,
AKN, SIT, KSM ® 3 fHid1ch Ay 7 EESRFMLI—%—, TIR DA M) F—FXKDH—
TNFy NN r—b, TUoIrA4 20T AT LK ETRRLD (AHITZD,
1991), =2/ =F 2 — FEHEROEHKIIZEBEIIRDLDT, FOBVWVIEKHIZOAEIND
T eIl Ah.

FEATICIE, 19914F 2 AH 5 9 A DHAR, dtf28° 22534°, HAE129°30" 42 5133° D#iFHIZFEE
L7 ET0mlEDHIE X FH 2. Whd NOEV Bl 52 & B BEBE300km D &EPH 12 B 5 B
T, &7—%ty MIBITAH Mo DEIFHIE Table 1a B L Table 2d IZRLTHAH. 4B,
Table 3 DEHEIZ3 MR 720 DVEHSEOHERTH 5.

I. vJ=Fa2—FE&ERXDHRE

(1) BAIRBICEB~YI=Fa—FK
FMO IZf¢vy, ETBEhFiskm A AIRE (A) & S—P Bl (ts-p) ZHWVT
Ma,=logA ,+ Bo logTs—p+ 70 (1)
EFTIUE, Bo 1 ZIETE DORATFEAILAYY R EATWRILE D BRI IKTF T HERR, 710 (JEH S
AT LEIZERT ABUSEREOERE LS.
RARIRNE X, FCGRAERN 72D @A AR 2 HEHEA TR E S, (ERHERC it 0B %
ZURTOWAREREEEZONSED, Ma, & Menmo & DM IZILEAE VY (Table 1a). 72
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Table 1. Coefficients for the formulas of Ma,; 7 refers to the correlation coefficient between My,
and Mrmo. An unbiased estimate of the variance is given by %= XZ(Ma. — Mruo)?/fua,
where f; is the number of degrees of freedom. The range of Mrmo in a data set of each
station is listed in the last column of the first table.

(a) Maz=logA .+ Bo logTs—p+ 70

Station Bo 7o 7 o? Range of Mrmo
CYS 2.49%0.24 —0.861+0.31 0.79 0.0904 2.0—4.0
AKN 3.23 0.23 —2.37 0.27 0.79 0.0968 1.1—-35
KSM 2.03 0.15 —0.54 0.18 0.84 0.0515 2.0—3.8
SIT 2.18 0.18 —1.08 0.20 0.71 0.0706 1.4—3.4
TIR 256 0.23 —1.14 0.28 0.85 0.0908 2.2—4.7

(b) Ma,=a; logA .+ B logTs—p+ 11

Station o B 7 r o o?

CYS 0.62+0.06 2.31£0.21 —0.40£0.27 0.81 0.0675
AKN 0.77 0.10 3.07 0.24 —1.92 0.32 0.79 0.0927
KSM 0.84 0.11 1.94 0.17 —0.25 0.26 0.84 0.0504
SIT 0.76 0.10 1.99 0.20 —0.57 0.29 0.71 0.0676
TIR 1.06 0.25 2.57 0.24 —1.21 0.40 0.85 0.0925

Bo \ZB L Cid, HIMEIOEMIA CYS, AKN B X TIR THTHIIZKE L, KFEMD KSM &
SIT TlI/NS 2 ESBE S, BE (1955) 25968 L7o & ) 2BE IKIFE T 5 L& 2 51 b R/
EAR NS,

L (1971) & EBIOR

Mp.=ay logA;+ B logTs—p+ 11 (2)
ZTHWTY, Mo L OHBIIES T, 25 61 OMBER DA T HEANL B LIFEALHL
T&HAH (Table 1b). TR a 1L TIE, TIR TIRIFTLIZE LWL DD, FOMOEN S
Tl XYW /h&EL 5.

YT ZF 2= N —EORREEICBITLIRRIREOE Axfs LTEZEIT L a=1, E
B TORKIERD 2 FlZHBT 2 EB AV F— L OMIZ logE=1.5M+11.8 LD & T#H1
Ean=4/3 £, R (1971) 2RI #REVHT O L TEEERIEZ AV TRDOL ay=
1.18 I3 #DHRIcH 5.

NOEV THEIHl S N 7-ME X, KEBDVEEHOW I EHBR T A/ ETH Y, REE LY D
EREIELETHAHLHIICRZ L. CRTHESNSE M PERE </ =F 22— F Mg THo T,
Bl 21X log E=5.84+2.4Ms DSV D & TMIE a1=0.83 £ 2B, L72AoT, B a 51 &Y
INEVWZ EIIEHBTEZITHA. 72751, TOHRBETE, B a 3TXTOEHE2ELT
—ETHDBH. BN, AEKESBDF RECTIE, ei=0.83H5W0iT =1 ZdHAHA,
CYS T y=1.33 T, ZOEIIFEELALZER .
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(2) IRENSEEFRICKB YT =Fa—F
— M2, REZHEIT CREMEGREE (tr-p) 2SR 2B, L7225 TR E DFEUT
MF_P:(IZ IOgTF_p+‘Bz IOgTs_p+ T2 (3)
EL7RBANEZOND., TNEHWS L, My, IZHXT, SHONMEH#EBIIRE EAL,
Mrmo V2339 AAHBIIEE %2 % (Table 2a). WEIDBMFERYLAT) ZhE & ARWIHE D BEIKF
THEEZONDLER B &, FENISKFEHEE OERH S SIT THATHIZ/NE L, FIMElo AKN
BLXOTIR TRELZoTWA, By bHWIE By DHAER & (X, CYS TEIZZRYD KSM TKA &
BEZELZENRLSTWS, LaL, AEIFA (1991) (2L E, KSM IEAFEEE T D
FEORELFRETHY, KSM T B PRKEL DI LRI FELEZVWEEZEZLNS. CYSICH
THED B, FHlEREY RNIAEETIERL, BEOEENI I TIREHRTELIZE/INE
RIREN 5.
EEkEER~ 7 =F 2 — FE LT—H&IfFEDLN TSR, (Hermann, 1975) 12, #H&EICBEd
HBRHBAN A=k rsp 2fRATHE
Mr_p=0a3 10gTF—P+.33 Ts—pt 73 (4)
PHROND., ZONXNEERHA LR (Table2b) &, ML 220087 X =% — 15.p & 15p &
W723)IZ &L 54 (Table 2a) & EbDTRLAPTWAS, T4bh, BEEHE TREOKE S
T L L, B, DAL, B 1L CYS TIHEENEHPTETIZAY, AKN & TIR, BL
O KSM THIXBIIC K E 2fEXRT. F72/88 as & o ZIREZDHFTVEL 2,
—F, —REELETVTCEa—F<r=F 22— F M &
Mc.=ci logt.+cytotcs (5)
THz oMb (187, 1991; Michaelson, 1990). ¢ (XEERD Sl 5 72 ST — ¥ OFFBE,
oy W OB FHLAD ) ITHKFT AE R (Aki and Chouet, 1975), ¢; IZWINIT & 5 B =
BT 2R TH Y, FEEEf DWIZOWT
2= (27f/Q)loge
Thh.
CZCt % PIkER & mp PHWVWTERZ, t.=tpp 1+tp/te-pl & BIFIE, EIEHE200
~300km LFOEEHET to 1L t5p D1 ~BHD1BETH L0, M. DIPAE LT
Mrp=0ay 1OgTF—P+.B4 Tr-p 1T 74 (5)
PEINL, LrL, TOXNETHVE L, BEKaDE B HETOXRNEIRIE tsp ZHVZHE
CIERRD, $/2SIT BEIWARKN T B B E % o TRE L O3FI b &SN\ (Table 2¢).
CDRDINTG A= =L t5p DATH B, T aw & By HEER RO BHI2IE, logrrrp &
Trp DEGEZ DT HLEND D, ZHIEIEL 25 B0 DOIEV#HFIZD7: > TH/mT 5
Trp LB LA, LL, BllSNT— 7 OKEF1E205 560 D&EHIZH - T, ZD5E
iz s nTnzwv., L7edT5 T, Mo EDHBEIZEWVWL OO, HHED~ I/ =F 21— F
XHEET 72901 Table 2c DHEREZRATHDITMIFAHENRENVEEZLNS.

(3) BBEHER

Table 2a % 2b % R AR, NOEV BB CIZALE 2HOKRE B DK X S IITFE L IR
HAE N DD, R 2 EHEBEORM/NEICIRE TIUL, 5 2HOMHFHRFIRITSIIZEREL
R, Wz, (3)~6G)THMLE 2 HORE % BT E, Tsumura (1967) ASFIHKILA N
REAPTIZ B A ERFEEE200km L FOMEIZOWTHW R L RO
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Table 2. Coefficients for various formulas of Mr-p; 7 is the correlation coefficient between Mp_p
and Mpmo. An unbiased estimate of the variance is given by o2= Z(Mr-p — Mrmo)?/f,
where f; is the number of degrees of freedom. The range of Mrmo in a data set of each
station is listed in the last of this table.

(a) MF_p=a2 IOgTF_p+Bz lOgTs_P+ T2

Station o B2 T2 7 o?
CYS 2.25%£0.10 —0.12£0.10 —0.76£0.20 0.94 0.0260
AKN 2.42 0.14 0.55 0.18 —1.95 0.28 0.91 0.0361
KSM 2.55 0.16 0.43 0.18 —1.83 0.29 0.92 0.0399
SIT 2.01 0.09 0.28 0.10 —0.82 0.18 0.94 0.0195
TIR 3.07 0.15 0.77 0.11 —2.52 0.22 0.84 0.0480
(b) Me—p=ax3 logTe-p+ B3 Ts-p+ 73
Station as Bs 73 7 o?
CYS 2.23+0.11 —0.001£0.003 —0.85£0.19 0.93 0.0266
AKN 2.39 0.15 0.021 0.006 —1.58 0.23 0.91 0.0357
KSM 2.54 0.16 0.016 0.007 —1.57 0.27 0.92 0.0402
SIT 2.01 0.09 0.011 0.004 —0.66 0.16 0.94 0.0194
TIR 2.78 0.16 0.031 0.004 —1.67 0.22 0.84 0.0454
(C) Mr_p=0aty lOgTF—P+.34 TF—P+74
Station ay B T4 ¥ ot
CYS 2.14£0.30 0.000£0.001 —0.731£0.44 0.94 0.0265
AKN 3.47 0.58 —0.009 0.004 —2.73 0.74 0.90 0.0406
KSM 1.17 0.58 0.009 0.003 0.43 0.79 0.92 0.0391
SIT 2.45 0.37 —0.004 0.003 —1.06 0.46 0.93 0.0215
TIR 2.85 0.41 0.004 0.002 —1.55 0.53 0.91 0.0729
(d) Mp_p_—'as IOgTF_P“l" Ts
Station as Ts r o? Range of Mrmo
CYS 2.23%+0.10 —0.861+0.18 0.94 0.0261 2.2—4.7
AKN 2.48 0.15 —1.49 0.24 0.89 0.0412 1.6—3.8
KSM 2.63 0.15 —1.54 0.27 0.91 0.0434 2.2—4.7
SIT 2.02 0.09 —0.56 0.16 0.93 0.0214 2.1—3.6
TIR 3.43 0.16 —2.26 0.26 0.91 0.0735 2.2—59
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Mr-p=a5 logTr-p+ 75 (6)
MEohb.
D5 % NOEV Bl SI#EH L7724 EA Table 2d TH 5. A 0% T — 2 ITERERTS &
EZONALER oy ICIZELRDLLDVHED, asd ay X as IZT538 L, T2 Me—p & Mpno &
DHEBEIETENZ &0 b, B)~URDIEPA L % T b T L HHFETH 5.

(4) {RY) OHgICBIT 5445

AEE (1991) X, UMNERBICHET AHMRBEHEICONWT, KERAEEICFIE I N
FMO %7 =F 12— F20DRY (AM) LERKRZE (AT) OMOEELZMHE*REBL, ot
ERAER ECOREIGERTARRE L E 2 /2. EEBEICHL TL D L) LR OEEN
HELBHETNE, SBBEAEICHEESNDS Me_p 121F, R VBEREBICL LR EHLNS
RN D 5.

YT ZF 2= FORY) OBENIE T — ¥ BD % WED H 525, (6)IC X AR TIE, KED
A —0.1SAM=0.112H Y, BIZIESIT I2BWT AM 252 O#FIC A A HEKIZ, BEHOH#
R2VEFI6ME, BE#ETIX19EF14E T - 72, HEBDTISE KRG TIES D &0 H D H#bific
BWTYH, PR d50%IxF0HFBICASL. LzdAoT, Mpp ICEHL CIZHIERAEIC L S
YT Fa—FORYIFERLTRWEEZOLNS.

V. % &

PREYHEFERE R Mp_p (2T, Ma, (X Memo & OAHBIZK {, SO RIEEM D K E .
Mp, DFRZEDPRELS ZHERE LTIE, BEBBOMIZ, SARIREA BTSRRI NS HE
DI EHIRICBE S NS L THL I L DHEENEZ ONS. Mo BRILTHoThH, HEKD
FISR AR ZNWTEBRT AEIIRECELR Y, KRBT b B2 2565 Uik LISEIHE
ENBEH, MOKRELHWEL/NSLHEBEOEIRFMSELNIE, BEEKRE L2 LEK
DWRELGBADKE L % D Re2H 5. BE@EEKE S v N+ 7EEBEORIRLMELE 2 50
b L, EHIRERKZRTEDIEETIIL L 1V ADOAERT LI, IhE
RARIBE TH L Mo, TREDIZHRFTY, Mep THVWZHALOEILIIIBIAZ LD
(Fig. 2).

F REDERE UL, HKIRIBEE W My, & Mp_p L OBV TIR & KSM 2R EHFET
HAH (Table 3). ZAIUIAFL rpop ICB LTI, #EHIZ TIR ICBWTDA, 3)F /2134 EHW
72mE L, 6)HHVIKEICL BGE L DEVHFEDSNE. —f&IZ, (5)H 5V I6)FITHENRT,
(3)%(4)3 % AW Y O AMRHE B I /NS {, FRICTIRTIEWDTEE TH 5.

(3)d B\ F4)FTix, BFEHEEEOEWT rsp 2T TWAE. —F, B5)EG)RTIE, EiFEE
MO OFREEER t. DRV IZ pp FHWVTWEZDIZ, FOEWIT 7, BLD 1 I2& T, BE
WCEZIE r BRI 522w, (6)R1X

Mc.=ag log te+ 76 (7)
DEPAXTH A, PIe SEORELEZIKET L tsp £V tp SR FE D005, t, OITBMEILIHE
FETEA. Table 4 1%, vp/vs=1.7 £ LTRDTEHTHAH. THOMEB X BB SETHOKR
NEFRIZ6)K L IZITEL VD DD, TRTOBBEIATHMEIIKE (2D, FE#EREEL SR
WKL TWS, T4bb, B as 12N, as i3 a X as S5 HENIELT 5.
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Fig.2. Examples of seismograms observed at TIR. (A) an event of Mrpmo=2.9 in a central part of
Nagasaki Prefecture. Several waves in a P wave group have trace amplitudes comparable
to the maximum, which gives Ma,= 2.7, while Mp_p=2.9 is derived from the coda dura-
tion. (B) an event of Mrmo=2.6 in a region of Tachibana Bay, Nagasaki Prefecture. The
maximum trace amplitude of a pulse-like wave in a P wave group gives Ma,= 3.0 which
is considerably larger than Mp_p=2.4.

Table 3. F-test at a 0.05 level of significance for Mr_p=a; logTr—p+ 75 compared to various for-

mulas.
CYS AKN KSM SIT TIR
o logA ,+B1 logTs—p+ 71 2.58 2.25 1.16 3.15 1.26
Numbers of degrees of freedom 99 105 58 105 51
(6%} IOgTF_p+Bz IOgTS_p+ T2 1.00 1.14 1.09 1.10 1.53
a3 IOgTF—P"f‘Bg Ts_p+'f3 1.02 1.15 1.08 1.10 1.62
0y logTe—p+Bs Tr—p+ 74 1.02 1.01 1.11 1.00 1.01
Numbers of degrees of freedom 56 62 52 61 81

Table 4. Coefficients for the formula M.=a log tc+ 76, Where tc=t,+ Tp-p; tp
was estimated under an assumption of v,/vs=1.7. v is the correlation
coefficient between M, and Mpmo, and o2=Z(M;—Mrpmo)®/(n—2).

Station s 76 7 o’

CYS 2.55+0.17 —1.81+0.32 0.89 0.0455
AKN 3.08 0.18 —2.921+0.33 0.90 0.0401
KSM 3.13 0.18 —2.78+0.33 0.92 0.0403
SIT 2.51 0.13 —1.71x0.24 0.91 0.0259
TIR 3.65 0.16 —3.78+0.28 0.93 0.0540
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BBLIVPU)RAT rpp Z t, WEXHWZ 2L XORB a1, T as (ITHVMEIZR S, vp/vs
PEZTHRBRIIIEAEEE LRV, T4bb, 054 T7OXTHWLENEVW) LD, /¥
TA=F =% t \TEED 5p IZTHPPRBOMBEIIKRESEETSH. L72AoT, TIRIZAS
N2 FEOFEELREVL, B rsp ICHTAEHEZEULNE ) DI L o TE L/ EEHEATTR .

Aki and Chouet (1975) 12X, 2 —FEIANVF -1t exp(—wt/Q) IZHBIL THET
A, m ZEHOBMENLS D IKFET LERT, a—¥PEERKETHNTI m=2, KHEKETH
Nidm=1 &%5%. ORZ2EVLGHEIKEZIE, as=as=2m/3 PXHI2IETTHD, a, BILW
a; BERICZFOEPEEZZ S5 SL. LA L, Table2d IR A X 912, NOEV EREIHETIE as
BERICY3 LD REV., MBOHIBIZBNTDH, B (1973) O UM VERICERS X1,
BE2.70, FHKILPB L OFHE2.85, wF2.94, JLfE3.63, KIU4.06&, FETH 5.

a bl BOREEEREBSAB TS E, —KIZBWIEITNE a b/NE %% (Table 2a &
b). Hermann (1975) &, t % P FERED Sl - 728 & 95 &, T — FIRIED ALK
XA () =C{t/t) " TEDLENSL., ZIZT, C t: BEWq3EBTHS. T q & as DEIZ
X as=4¢/3 % AR H A0, I—FEDOIRIEAEEH & & QICABISHEET LI T A3 L,
as IKERMER LD, —REELET VIR, BREaAVNEITREASIVIEE, ZBHHHD
BELEDREREIN A Z LITR D, BUK, as DK E SITIZEHSEIEO Q DEENEGINS.

—7%, Frankel and Wennerberg (1987) IZ X Ui, I — FEDOZ ANV F—i 3 {1—exp (—wt/Qs)}

WCHBI L TRET S, BEL Qs 25K & BB ¢ 23\ & X3, Taylor BEICE D {l1—exp
(—wt/Qs)! =wt/Qs T B D5, Aki and Chouet (1975) DEFIIZ—F LT 2 IZHBIL, Qs
ﬁ*lJ\é( t ASREUFIUT 3BT S, LT, TAVF—EBEL 0% ORIER N

F (72720, 05u=l), BBa?v4/3 L 2DBIZ%AZ L iﬁéﬁﬂ“(‘% 5. L2L, adBEI
2 PR AHZEDBIREIATETHSL. @2, ad it ﬁ%a)ﬁ;%%ana#m;ﬁ, &
BAITIEHAHD, p2 1 OV REZEBHELT, I—FEOIINF—13 7% exp (—wt/Q)
WCHBILTEETAI LR A,

AEIEIHD (1992) A2STIR D t5_p THWVWT~YF=F 2 — FE#fEE LT

Mp_p=(3.06£0.29) logzs_p+ (0.50%0.13) logTs_p+ (—2.13£0.47)
Tho7z. Y4B HIEZ:1E Mark Products L-22 (f,b=2Hz) ZfiH L T\, BE I ERIER
PMK-110V (f,=1Hz) %ffiv\, 7 751~ mde BETIFTWS., 2D ZE8HY 2T A
DEBEIZLD»DD 5T, TIRIZBITA a DfEIFZE > Tz (Table 2a).

2 p OHAEIZEIBESL Q tﬂﬁ@f&iﬁzl&ﬁ%é IEE D H IS A R & A 12
EE’J INERBEBBLND, aTHWABIEIIDWHRENEVWEEZONS. 7’7”37.:3%%’(%)&

CRHETE LS, HVRBFLFIATE, BERKOSMICET oMY EO L I L L EE
’Ca%%.

V. ¥ ¢

Moo % % & LTHERE L7z NOEV BHMRBIC B 527 =F 2 — I Mep 1, HIBIRH O K X
<, BIZE), @B XUORIETHICKBICTHS, 7271, F—P BM (tp) ORDIT-
&®ﬁﬁ%ﬁn%mWKh,ﬁMﬁEf%ﬁa@k¢@%ﬁﬁ@ﬁEf%éﬁ,@ﬁ#&bk
ECEBIEDD, CRHORET— R I KHETTVOEBRE T2 LD b, BHAEER
BOVRLTHS . L0 IBEOBELHET UL, EHBEO~ Y =F 2 — FIERICERO
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SHOVTREHNTOENI RV, T/, ERBEHOEVCORLEDKE {3k,
RONZBEATED S, 8 a (TIZBSEEO Q 1H & BfR Y 5 gk 45=80 5.
bbb, (ERICHE D BEISTIET 53)8 L )R DGLE 2 HOERB 25K & 2EDOERI LT
&, a DELREL 2D, QEEDEEN ZBEIIHRERE TIIDOIF5NZ VA, BROIEEZR
TNRGA—F - LTHADIUIRETEZ ) TH .

#E R L TV R BRI S E E AR, B S 72 5 7o B
RNXINEPTHE B —BRIR, #7272 72 BB L RSB #8 G TR (BE, B
REBTILRRr RPER), B L ORIGEER (AR, PREER (GHH) ISE#HL L.

ZOFgEx, MEEANRRE EEB LS L B2 70w TR BT ROMES
FOKIIDT 7 b =27 2%, (IUEE P ABREE) O—#E LTI ho7. BREFEOEHKIC
B L BT,
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