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Abstract

Practical forecast of an impending large earthquake would be performed by issuing an occurrence
probability of earthquake at an arbitrary time, or forecasting time., By detecting anomalous signals
of observed data during a period preceding the forecasting time, which we call detecting period, the
probability that an earthquake will occur for a period following the forecasting time, i.e. forecasting
period, is obtained through the process presented by Tsukuda(2003). In his method, a prior prob-
abilty is transformed into the corresponding posterior probability. This is regarded to be the next
prior probability, which will be transformed into the next posterior probability and so on. A posterior
probability is generally deduced from Bayes' theorem in terms of a prior probability and two condi-
tional probabilities: “alarm-rate” and “null-alarm-rate” . This paper provides supplements for the
fundamental scheme of probability calculation and presents some practical applications.

Forecasts are classified into 4 terms: Long-term forecast has a role to provide the initial prior
probability; Intermediate-term forecasting procedure, which partly depends on social conditions, is
designed in such a manner that the warning or alarm should be practically effective; Short and
immediate-term forecasts are set for preparations for warning. For an alarm cancellation process, two
methods are presented: one based on the probability that the forecasting earthquake will occur, and
the other the probability that the earthquake will not occur. The latter will be effective when the
observation system is highly developed.

Previous statistic studies on the precursors of earthquakes have not evaluated the ratio, alarm-rate
/ null-alarm-rate. To incorporate the previous results into our forecasting system, the formula to
deduce the ratio from the parameters obtained by previous studies is presented. In connection with
reliability on precursor data, a statistic test is attempted to confirm how the parameters, the number
of trials, prior probability, alarm-rate, and the ratio, contribute to the detection of precursory signals.
The essense of our method is to estimate the ratio, alarm-rate / null-alarm-rate for each observation

item. Some exarmples for obtaining this are presented.

Key words: earthquake prediction, earthquake forecast, probability, alarm rate, null-alarm rate
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Fig. 1 Forecasting time, anomaly-detecting-period and forecasting period. When an earthquake
forecast is assesed, we check if any anomaly of observation would be ohserved during the assigned
anomaly-detecting-period prior to the forecasting time, and issue an alarm to the public if the proba-
bility that an earthquake will occur during the assigned forecasting period is estimated to be higher
than an assigned threshhold. This forecasting time scheme is extended to the past-time axis for sum-
marizing records of earthquakes and their precursors. The forecasting period in the latter case implies

the period after the hypothetical forecasing time.

Table 1. 2 x 2 contingency table for counting earthquake events and precursory sigmal events.
Ancmalies and earthquake events are picked up based on the chronological framework shown in
Fig. 1. m,n,u,v registered in 4 boxes are the fundamental counting parameters. The subtotals
M=m+uyN=n+v,F=m+n, and G = u+ v are defined. The total number of trials is

T =M+ N = F+ @. The alarm-rate and null-alarm rate are defined as ¢ = m/M |, § = n/N,

respectively.
Rt SRR DOBTIKEHE 5 (Precursor)
$HY (Yes) | 72 L (No) | Al (Total)
TR A & D (Yes) m 1 M|
DHIE 72 L (No} n 7 N |
(Earthquake) & (Total} F G T
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(1—po)(1—s)

Fig. 2 Bayes' theorem is graphically demonstrated. The probability domain of the first ring is devided
into two: py and 1 — pg , where p; indicates the probability that an earthquake will occur, and
1 — pp that it will not. pogy and pO(1 — go) in the second ring occupy the domain that an anomaly
was detected; (1 — pg)s1 and (1 — po)(1 — s;) that it was not, where g1, and s; are the conditional
probabilities:alarm-rate and null-alarm-rate for the data 1, respectively. Then, the probability that an

earthquake will occur when an anomaly of data 1 was detected is given as: p1 = pog1/[pog1 +(1—po)si]

B B
True Faigg

Poqigz - gN Detacted __ (1 — pg)sis2-+- 8N

Fig. 3 Graphical arrangement for deduction of Eq.(7). The Bayes’ theorem is repeatedly applied to
the multi-layered probability rings.
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£oT, &bz, RUEHIER Cho T bR RYHOBFHIR SIS Lo CTERBER->THIW, &
WHRE ROETRE, BELBEAT—4 OFESERTH LA, Wb RBRTHREO L I ITAX
DEETRHONDEHE L, WREDHEMPEZRETI L0, ThElRY AN & THD. TOL
5 bDEEDT, UTOXHCEHRSICBETIEROREL, BT 7 homWT L Z7ILEST 5.
Rank 1) 3 HBIZOWT, RRPHEETERATERVWE, BE LWV NHBEERRICETE .

Rank 2) 1 2QRAIT-OVWT, LOTBRPEREET S, TOEEIEELT -7 O—oDpG L1125,
Rank 3} HAHBTOVT, HEANIER LS, REORBICEMET —FAaEh T 5,

Rank 4) #3822 UIEZNR, HDEICOWT, BMBOICEGROBRAES SO TWS. ZOEBAE
WESWTEREERERSIL TS,

T ¢, B -4 r REREOMKAREE SIBICBW TSR E L TAS (Fig. 4) . (a) 134D
F—EOIITERBR L, FF 1S ERLT, BROESE LRSS LHD. (L) IEEE
BRI dDIB LT 20777 Thad, BEERTA LT v 7 ALETY. (o) FABEZREL
e EOT7TIRR U, HAREE LY, FIBRICRER SN, BT AR SheERR LT
STERNITH, 7T ERDT 7 EOTAZLLTES. (d) HHBEREORRIZ~T. EEEHS
FIRREIRT AR, MBI TR RAT R LOEMBRL LTINS, LIAT, AMERKTHIHE
Eik, $PLbEDT 7 CRESHOTIEARY. Rank 1 ThoTh, BHTHBLREMNLTFETD.
T T AOREICE L TEAHEBRE D o2 LV HEEE [Rikitake(2001)] R EPHD. DL IR
7N ITF 4 TRTF—EZOEAE, O (a), (b) OEG R, WERY () PBLNRD T LITRD.

4, “BIRERSRARAT FEHRTSH. BESHED THBICHESR S NERAITORMEO—2THD
Ei, BLEYEEOKRTHPRICHERSNZRALE-THL. BRREOEEOBRANLIL, &
EREMICHRIC: DX ONRA SR LEMTHD. £ T, BINCHRICET 2R LkRlE A
S RAERL LERTH. BB LT, EERTRAVARCRHSNWDREBHDTHS ).
ZOFE, PIXE “E2AikRARERR" LEBETD.



WIC “BTIRERS AR D OHERARAE CORMAERIND. ZITAERRO “EITRRE
(precursor time)” LEEFHTWAH LD THS [Hl%iE, Rikitake(1975)] . —d>DORIIKERITH L, G
ITHERNY, HAMHRIHETHEHELLND (Fig. 5) . 4, WHMLRE L LT, Zogmidiiiizs
L, Wonpe—2r%bobt5. TRNFROE—7 L, SH0OTBRBEROHEERE IR
FAATHERT (upper limit of precursor time)” 2 EEL L H. Fig. 5 IIRLEEL T, HDLEWVERE
%, FAENOSHEBRBENRER L HERL LWV I DB —2DHIETHS.

]
(a) original data
\M
(b) reduced data (index)
! ———
|
(c) flag :
[}
1
I 1
!
(d) earthquake event
|
| SEITRY
< tpre ‘-"'*‘{
F iRzl
forecasting time
| J J
| ! !
detecting period forecasting period

B F B

Fig. 4. Time sequence for detecting precursory signals: (2) Temporal variation of the original data;
(b) Index chart by reduction of the data; (c) Flags for detection; (d) Earthquake event. Precursor
time tpre is defined to be a time-length covering from the forecasting time up to the occurrence time

of the most remarkable precursor shown by a flag in (c).



3.2 HRENT KR & P R

HEBEO TR LT, B2 THTIHH, T 2bbFHARNMMELT, RERIZBNL

LTF—# 2B 540, TabbRadaiMoREREL, dkHEKOBNIIEETH. R
FATHRD” VT, BITO “BE" 2179,
T1) RARSPREROIE . “BABRHE" ORS1E, RRKTHR" 295 FLEMEE TH-
T, BEOBEA S, — Uz L -T, B0 “BRETHER" MHETLIBERHD. TOHGH, £
NBNCET S BRI REDLNDZ EiZkd, BL, W 250 “BRETER" ORK
EE—oD BB RS EAZ b HNBEE RARLIBMAS—AOHRE —EDIZLT
ELBIECHD.

RBDEE LRER L2 2 L BRAE CORMOBAER “RALITRE LRA2TI BT
3. XoT, BRENSUMMORBICETERETD L&, DF 0 THFZIOR N “HIIRERELR
A" YA EE, THASHME LTHELRR ST "RAENTEE TH5. ZOZLMLETD
“HRE” E1TD.

T2) PHNSHMEOSTE : “THAIBUME" OR ST “BRENFHRK ORSIT-HSED

FRARPBEORE SREQEATILOBY THHH, ER LOERCHMORRUC L HRE L A
T, REXSEVEETEZENHE. BRETIBEICOVTIES.5 THRDH L 578 BEETTH.

IR R 2 {TER(2)
Upper Limit of the Precursor Time (2)

2
k)

Upper Limit of the Precursor Time (1)

—
—

ERoTEmO

Frequency

L&l
Threshold
/ ./

Precursor Tima
FATHSRE

Fig. 5. Distribution for precursor times for an observation item. The case with two peaks in the
distribution is shown. The upper limit of the precursor time for each peak is measured as shown in

the figure,



3.3 ENPHEEHMTH

FHREZITIRAMOLE LD L, BLMOBEOSARV O, BRERHGALERES, TRobbER
BESENIHETHD. INETEMTREMEES, T2bb, PTRERVE LVBTLEZBLD
EORBEOTHRTHY, ITENICRAENFFEE LD OBHRTH L. BENRLSCEMOMEE, %
RHISHEEORERL LA EET D, BECHS LEOFRLFER L0, TRAKMEIKE
~1EB<CHWTHS D, KHMBRAEDTRREPES ool LTS hiud, ERMEEZITH. Zhp
FRER T ARITIUE, KRERHSMORILERE LT hidR b,

FHREELHHRTEELBZAEIEOL ISBRERTH I LIT0D. EOREESWVWTE, #E
BB ETET D, 100%THN I LB LT 22V, 2080 RERELHNFTE SIS )
M2 —h, DL 3N EWEETROATBHIIMNETHEAHS 5?2 BENZ 1 EICHWEEES
BOVDORBEENEELETIEROD. 2%, REEEFHI0%BUALEEDSORRETHS ).

UHMBBTENAEMNE, WEREREPRE LTI Z L, SRR EWHITH2DICARATRT
5. INETEHTHREMPRES. RMERESTEL TWINbLNRVWE W) FRTHD. £,
RAMITERIESRROEEIC LR FNESE 2V, By A~144325. cOBmIL, KT
M5 r H OBRIEH/ESH TS [FlAE, HEBAUEFEE(1990)] Z& &, ERTTHR~mTT
ORI E OB EIT O eOIZ NERRER L ELX LN L ThHS. FiziCER SN LSEGAN,
FICEMORRESRBOFARRBII R L THA Y. i, FTHREHTRIOENELR Z DT8R,
WHEZTROMHR~DERERD TV BREE LS.



3.4 REATHREPHTR

PLERSHRBRI~ET TOBRENLER LAY, FRERTILENLE, £TRIICRHRLT
BEITS. BYOBFREREZRD LD ETH7 0 ABEMTHTHS. ZOFSIE, FREAROE
A S TREOMBIEEOT —F 0L L RERRBEE T D.

AEFOTREZNCRT L, FEEE T OFHRANBHMICNT, HEPRLETLIERE p 70, HE
DIENRT L F LR, HL—EOFRENFET D EE, HBERHK b I 2EELMIT ROLD
22 Poisson 7y &L 725,

k
P = AT (1) (10)

X RBEARER S OEHRER, Tihbh, MERERTHD. MEBRE LTS (HIZT,
Thompson(1988)] . = D4¥FIC LA S5 HBEBIORME SECRET D2 bIE, REFFMEL,
LB T o A ACRAET LN, BEOEHEIIV 2B —TELVI Z & ThHhH. 2x257EIH (Table
) A HERINARENFHEER [T (1999)] 1FZOFHEOHETHETHD.

RVIEEMOD T, ¢t OR S% b OBIMEEY £if 3. Poisson 4AOR (10) »b, MEEH L 5
0, viebb, TOHMICHENREE LVWRERZEEHT L,

P{k = 0) = exp(—At). (11}
FOHIRICHIRD & b < b BEET HHERI,
F(t) =1 — exp(—At). (12}

A, D LRI ¢ DihiE, HAHWENRA LRRE TS, TodE, X (12) 3, ROWEIE

R ¢ FCOMICRAET HREFEE XL TS, FRIEO EDOXEIZIWCL, MIRREANF L Poisson

57 (10) 27T RETIUE, s HERERIERIROEEIBLD L ER, £O2RH

O, THRbLMREEMREIERTH L TIRBEHELX LTV D MR L e TE D,
WEREAKMRORE ¢4 dt) 12 5 HBEREORERIT,

f(®)dt = EF%dt = Aexp(—At)di. | (13)

R, HBRARLOMR ¢ 2HERLHIC L 3 L BEBREE f(t) LT HERITARONLILE
Y



Wiz, SBEGTRBEEIE \ MSHOBAKE LTETHEEELXS. Tl E, XA IERANT, MO
RbDIZfF Mt)dt BAVDRBIE, Poisson 377 & FkORER DM LGS [(RR(1987) | FL—HER
DERHBED X 5 RAMBIZEMEN RV BER Y, TOLSRHFEEINKLAERETVET Y
A THILNTED.

LI EORERIERIT, WMERELSMBEORTRRAL, TOREIMIEDITEEATHY, —K
ICABE L Eh D [#1% 1, Thompson(1988)]. £ 1T, & HMvhORFHFMRICHIEN AR ShHH
R REER e R —ROICE, ZoBBUILRRROREDERE, T74bb, BETIR WERE
%) LV BEDAFINMBICERTHEELEI LA TED. BEROBREICKRLRVESIE, PR
By bahibE:, FAERBEELEERERLHEIND.

PREERREL A(t) 2L OEFAREEZS.

() = xp(= [ M¢)at) (14)

LT, HROREAMR ¢ ooV TORBOREMER L eRE R, ThEhX(12), X (13)
ICHERL T,
F(t) =1~ ¢(¢), (15)
F(&) = A(t)e(t). (16)
ZIT, o(t) i, ¢ ETOMICHIERRAE LRVEREE L T2, HHHBORERZ N GRME ¢ 1B
WL, FOBAHALERONE At OMICKROMBRFEEST 2R, ¢ ETHRIBELT, At D

HCRA L7 d Lt b 20, J7bbh, (B4l t 2 bA: ORICEAT I HROY, EiImER)/(F
Zl t IR OMICR AT IMBOR, TR, DTOLIRKKHATED.

F(t + At) — F(t) e ¢(t+At)-

Pt At) = ——— O o0 (17)
M —ERBEOLBAR (Poisson i) OHAE, N(12)FEHL T,
p(t; At) = 1 — exp(—AAL) (18)

B4, ZOBESORERY, BB ¢ IEELRY. EO  p B ERERLEINDSD, £0H
D SEIZONWTIL, Fig 6 IKBURUE. H1 V70, Bl ¢ FTICRE TWRVWER (¢) LIRS
xR 1-¢) 27T $2V /TR, MBRRE TWARITHE, ¢ DBICHENREET D6



WMpHDHZLBRRTD., FOARED YL At ORICHENBRET LD, po TS/t £0
KR HIB AR LRV D (1— p)g ORI THD.

BHTFHRICE T A HIBERERBHEIIL T ORI 2T LND.
1) THAET I HEOMEOBEDOFRN 2.
2) iEE—ERMAHESEE L TR E N IIFHROL.

WL & billE T ORI RHESR R A o To & W ) 1§D, HIEIEAERED EREEET 5. K
(14) ©, HAR ¢ ICHIBAS A LRVWHER ¢(t) V5. HEOBEIRE ¢ (IS8T SHFHIREEITV,

¢ty > 1—¢ (19)
R L 5 A1) DT A—FRRDD. Poisson BBOHEIL N REKTHL 1 HMET,
A< —1n(1 - 2)/T. (20)

3) BEEME O HIERE T, HEBRAMRIC OV TEMERHES LTS, B, HMBRAEMR
(COWTOFELWERS R, BHOMBRLEFAGRATSH L.

T OBRESOEBIERRERDA THD. Poisson BIRETAZHAT S (LKELRLW) 7, €
OEEHER RS (Z 04, Poisson RE LIEIND) L L, £O—EOMRENREFHIRAELMEL
R
4) FEHCERBOEHENE T, HERAMBIC YW TESEIMMEE S TWDY, MERRARRIC
WCOEELVERITZ2. HL, EFOMBRAEFARMONATNDS.

oSG, RbLEEAFEE LT, EMEE T A S L0T7 o F AOMBRELRREL, K
(18) i & - THIBR AR L BHZ LA TE S, MERMEET VERATIE RQA7) MEXS.
5) RS A IR O PEERC B OB S AR L O LWMERAF LTV .

OB, FELVHEREFAOEABTIETHS. HBEEMROSHETALLT, FL—HE
ROMEHFHHBCREENE, FRRMHE CIIEERLMH-°BPT 441 (Brownian Passage Time 77
1) B EBSEVES R R RAEIIEEATMBRA Z B2 RYIFHEES (1999), MEMEHF
R A A S B A (2001)] . X542, FL— MBI, FFFTFHET v [Shimazaki and
Nakata(1980) ] (Z#-3%, BHOMBOMBEN S bRYPOHMEE COREMBOFIEZREL, €
DE A A GHRTERSARY) KETLWI FELEL LN TWD [HEREMEHEREH

BRELBES RTINS (1099), HERTHLMAERDHBATZRS (2001)].



?ﬁﬁﬁﬁ&:iim_ll:ﬂ)liﬁ}u%&:%&M%Em*, REER EOXSTHATHE. I, +oiiE
BRESSH BT bbb T, BRHOHBRERLBREAL WO RESERIEBOICIITEETS. HRAE
RO LWERIL, BLEHBEOLZES HI> TW LIRSS, BEHEO M-V FRERLIIT, MRIVEE
DENARY b (HERESE) OREMTONUEEESTHS. ERLOBE, BRHOHMBOERE KT
BT LY, EBCHRI—ATHALDLBBRENS. TOLIRFEIE, 3) L RARIZLETS.

FHRBHEOR S ITHIBROFRAY R LITKFT 2. A, BRAOLS— 7 — i3 PR
Mo LRERD S, BEIEPRER EOEXMEBEN 100 ERE~RI0FTHIZLEERT DL, &Y
THROTHARHARNII 00 ELL T TH 5.

RHIFH L EMTHOPRZPHTREFITS. ZORBORRELSE L, EiZ, HRES,
ThES, HBEEDHEL @Hieil) B$ELon5. ZOHBOREIO— o, HEBREOKE S
DHETHD. Dk, BERAF—AOREVEBRERI ZLiTkd.

Fit)

Flt+at)

Fig. 6. Graphical expression of Eq.(17).



3.5 BHITPH - EWMIRTL
3.5.1. ERRS

HER T OBHH 7 BARIL, ERICBWT, RWEECHREZRTIETHD. TIICELETIS,
BV R 7 — AN LEGRERR 75—/ UIBITT DR TR 0t AR H 5. THREAD, R
WELHITIFERY 7 M5, FhUffo T, THHBHMbLI 7 M 5. RATROESE, TREEX
RPHLEHOBRGOTHRIRBEORSORET 7 M LT, THREIM-SORREICIIRNE REE
L2, ZOZ LERTHTPHRAEMTRICHLTH, SHTHRAEFTFRICTLTHRETHDS. &2
A, PR 1ERBE S & X THRHABRO L 7 MET TAREMOR SOERNMETH D,
HURFEARRZIZITS ISoh, FHMBHRIIERD b2 <& Thd L ORANRERNDL, BITO &
£ =172,

T3 FHAFHOKR . EHTHR, THTH EITREEDIZONT, FTHIREMOR 1258
ahad.

EHTHROBME T, HI0EMOTH S L TERBARIND. bHoA, HAROBELHET
EHM, MOTPIEIVEETHLOT, HIFER~BI0%EE LV HORABAV LN TS, TH
FRTHE, F—HFOARIZL> THREIA LR L, FEMCBEBREL LOEIZZNE, —RICARE
NATHAHH. BHTHROBEE, By AITE%S~E10% LWV RERPTFEIND.

BHTHRIIL > THEENHIBESE -GS, ERTR~ET TORMABEIIMRILEIND. £
DHRT, AxICEREHANRHEND L, FOEILCEENEHESA T, 208, Z0REH
BRIZOWTTFS “FHE/THRE" OMBHOATNEZEALETHD. TOEIPRIOESIL, 1R
HROWETTNVESOTHERITY (§4. BH), WTHIZLTY, BEOELZRLICEF L2ALE
BT8R~ L A5 5. EHITIROBRMS b B S N B LEHicH - T, fEFORNERT —F
BRI, @B LT Ze¢BFRIND. HHESITE, RO THRIBETHERELTT
WERERTDHZIEAHVBD. TOLIRRENEEMER LR, HATLE TEMLHS. b L,
FOL I BBEATHHABOT RIS T IEROLABEW L X, FRIIADTHY, T
WHBPHORSPERINE. Lo T, UTO “BE" S0 L.

T4 ERIPI  HaTFROBRBE TR, THHBOREE, RENThOFCHERLEIIEELINS.

EHFFHROBE T, AECTRERORELTY, MERARELHETS. AFRSFRMOR
BEASENI L, BB, ZHFOTRIGONDZ —EOL~AEBATEGCERERSTD.



3.5.2. BHfREMR
3.5.2.1 BRERODAE TN1

RAFS SN0 bIEROBFHIFIT SN, BEEORE LA 2S5, BROMBLbE. E
FOFIRRBOBRAEMET, L LHOMEREOTRARMEGET L, TORER, BFELHS
EHED VETINTSRELERT 5. EROCORSOTHIMICOWTEH, BREAKOREIHD B L,
HIBRARENE LEF T LA&HTHS. BEREEDDHED, LTFO “RBE" 2172,

T5 ZMAEZROFERD L & ME  BRMEHRO & & OHRBERRITERIESD & EOMRLY LIRCRK
ETD.
3.5.2.2 ERHEKROAEE ETD2

FHEED 1 TR, % OBROF—4 0P T, BENBRLELOOLERA L, BRESEN
RO ELHERBRTHS. ThEBMTHEEELLD.

b, KHENBETIHETHLEANCRETE AL ORAEENER I L&, S,
Hx A>T BF—FEBOT, BWBRYUSBELRVNIONWCTOMEREBRNT O L3 TED. I
OEA, THEEA, REHRHR, TSR hLETCLRCLIKRET 525, HRPEELR
VHERA RIS, ZORMBEOTEERT, MESRE Lo kRS ICHRRBN BN R oI RESE,
THRERIY, HIEARA LB AT ATERRN RN o R THD. UTOXDIS, P, Qi Si &, T
hEh, ZOPRVRAT LATO, FHIER, THR, EBRBLTHL,

PO:]'_pOJ Qi:l_sia S'Ezl_qi:i:laza"'j\r (21)
PETS. REFRBUICHTATHR Q,, ZTHWE S, iZTable 1 127 Lz 2x2 HEIFR 2 HWD &,
Q=v/lntv)=1~s S=p/m+tp)=1-4q (22)

Thb.
e OFEXIIMBREDTREIT IR LEAKTHD. HEPRE LW EEBOBI{LIZ

Fi_1 X

- ; 23
B X4 {1—}1:]] ( )

Fy

=L,
Qi
g = ol 24
X; 5, (24)



o oo, BELTOAEAEH AREE TSR bOE T I ARRD A, BEHFRE L2
FeRE R, R LED LD Ko RATERYERTS. ROOKER P i1, BERAFORE
BBk py LB L, RB=1-py Thd. BHANLESREY Py (N B2 LERBER) &,
HBNFATHRERIT 1 - Py &5,

ZDFER, HRBERERRLALTVWoe %, T TEL ORARBHFLICRESHD
RRTCRA2BETS. #hil, 2L OBAACBVWTEESRHEShARNWEE, TD1 OFEBE

ZRVHSTHSD. FO1 T, BEERHIC Xo TRBEXELTSH, €02 TREEARHICL-
THEXRELTS.



§4. “FHEZHFE CEHLT
4.1, hRFEERMBLE, S “PHEEHE" ZHEIT S L

Ry X5y FOMEREELRERESZIERR L L TRO, REDHMERE L TR LA
BB [FZif, Yamashina (1981), AT (1993), #Hot (2002)]. ZHETCOZDOEDHETH, T
MRN8, ERROEARBER SN TV RN, AEROFETR, H 5B\ T
DA 22 NEROMBERAR (FFR) SRENRERLZOL, TRLHHERE [Aki(1981)]
IR, BT, e (2002) 1, RIEMTEEIORAEERBOLERERCRALT, T-FicikS
EHRRHIRIES), ChAKEMRBRLER (bRbh oG CIIEaRER) &L, HiE ESEEER
Wi, T DX A REFHEEELD, bhbhOEBTOMBTHOHMRETRY “PHRERR” OER
ROTHLS. THTHZLITE-T, MORERRIIINTD “FHE/EHE" &L b, BOLOMKR
FHNbROERICHINAA TRERDIMERERELEEHT I LA TED. ZITRERNLE R
MUBEORMRRSEZ TR THRI LWIBERTHD.

—OOHRER I3t U TR 22 9FI# (Table 1) DOKAFHIZRAER py LEPE p H D\ IHER
FlS g o T B &L E, “FHER/BHE” r=gq/s RKDH. X Q) KBNT, py, pEETN
Fh, po, p LEBITIL,

_ Pog
Copog+ (1 —p)s (25)

ZDORNE,

_P(I—P(])_ q _ o g _
2= =p)  Tpo—g /P~ V= 1 /P=1/a) (26)

BL, g=p/pp IFHEERFETHSL. Z0XIILT, EROMAOESR, pog H5WIL p,g 2H2D
(hF (z) CHRAADLZ LB TED. T7hbh, ZEEORMKRRICESS, MBELEELEOKD 120
RO “PmRZo@gR” L LTEAIThELY. 2L, ThERORRBARD T —F HBAEEHHICA
WS THD LWV FEBHS.



4.2, WTRROMEREITMDG

FHNFENORRRASRIE “FHR/ZEHE 2R TPROBEIIEMR TS, ZOEFERENVEY
BERENKXVWEELS. LHL, AKREOF— 200 F0RFE2HMET HBE ORIIMIZRERERD,
HESHIEZORTIZITTREASAE DI H. HEBBRLTH-TH, AVbhd7F—FZOEFREZVIE
CIEEWSET CHAS. FIC, ZOIELEREMHHD, Hm (199) OFEIZB, BEETAD
EEMEFMOME L LTRYE-> THS. Fir (1994) OFTR LB HFREDRIO AL A% —
LE, TITH, ZORXOIEPEECHEST AL IICERL (ERzEDD.

Table 2(a) (277 L DiE, HAHWRE - 2HEIToWT, HARIKRRICKT D7 —# L5 L7 2x2
DEFCHD. HEOLY, BESEHN L PRGSEMBERE IBRACC, ThEzBuRlicsE 5. €
54RIE, T(=m+p+n+v) BF—FBREOESRFERTHD & FIFCSHEHBHORS T d 5.
ZIOF—H & Table 2 O (b) & (¢) DX ITHETA. (b) iX “BASENE" ICRFHRRLRH L
F—HIHTEGEFRTHY, (o) RRFEERL LR T —FIZHT5RTHD. ZhbD7T—#
1T, HH-TEOBEBE THESNABREAICE > TEIHENTWHEHE LS. (a) 37— 2 OxY
YIMEDWTTHH A, RER N THEZREZEIRECOY T ATHY, (b) & (o) iXtht
A, dy OBEEEE L OF—2OY PN THBLTSH. ZOLI ANl L0, i
ERHLEZRELE D TRVEBEESEI U EREETAML EGEILLNET NV MO0 & DROENDE
BEWABRTLEOTHD. BROFKREM i (220 T, TFAMO L, #E p(\) IS L2 THIENREL,
EFAMITIE, pi(A) &pi(de) OREETH. LER, EFAMOMLICHELT, ThEh,

Lo = [[n), (27)

(A1, A2) = Hprr:()\l) Hp-a()\z) (28)

OFx LD, TFAVMLEETANMODERRBRKEWVILRIREROGRPRE LB Z LG, £

DEBFOBIEZREL L /Lo AVWAZ LIZLES. HEWIHELEDCELHEIL TH LW £,

FHOIEHEIRAE AIC [URTIED (1983)) 2V 23261, Z0Z dAIC ZRECTII IV, BHH

E1OEFAM) LBHRE2 DEFAML @ AIC EXEEEE, ThEH, AICy Iy BT AIC,
LEITHE, dAICH

dAIC = AICy — AICy = 2(li — Ip) — 2 (29)

DL H IR END.



b BEMREREEITS. Table 2 OF—ZIZOWTCHE, MEZOBEm, n, 4, vD4BETHS
A (2003)]. bbb OBROBEBTHEIVWANLREREFAVWEOT, T F0EELZLT

BIZI.
M=m+p N=n+v, F=m+n, G=p+v, T=M+N, (30)
= A L o
4= = TS 4 (31)

2T, M, g, s REREh, HMEORBE, THE, ZRETHD.

T, F—# 2ED HRERERII Poisson B (T72bH N —FE) THBHL L, Table 2 D (a),
(b), (c) 35T BHME BB OMEN I Poisson BTH B, (a) DE T, 2PUTER T WXL, “T#
SHEHRET [CWC MEIDHBEZEE L, (b) OFTIE, 2RTEE F extl, “FHRARIM" 2k
WT m BEIOHBETHEL TS, (¢) T, 2FITER G (I3 LIERAER p BITHD. LIPS,

M m
A:—, }\1=F,A2:

T (32)

Q=

BRROA R (1 = 1) Bic, MBESRE LehRAE Lo hE R 5. RERHKE A LT5
L, HIEARRAE Lol b XOREERY, R (11) &Y exp(-)) ThHY, HMBHRRBE L L X ORERIL,
H(12) ICBVTA BNENE LTEBT 5 &, Aexp(—A) ThDih, Table 2 (2) DRI Lo &, ()
BIC () KHEILBEOLE L 1, £hEh,

Lo = Mexp(-AT), (33)
L1 = ATexp(— A F)Abexp(—A2G). (34)

e, AEEREL, L EAVWSL,
Ii — lp = mln(A1/A) + pln(hg/N) (85)

BEHIND.

L, 4EOWNERE LT, z,q,M,A ZBE. “THE/THRE o i, TROERICIERRYTS
EFThoHBLREOIZLATHS. M 1L, F—FICRITHEHBEETHY, N IIHNBREEEELR
LTW3. M EHRCERNE, A ORD D IZERTEES 2 VIIR2RARMORSICHAIT 2R T 28
ATHIV. z, M, BBNE, THEqORDYIC, s Th, FTH, G THIWV. £7,

a=—— (36)



LB, X (35) MIMIER =z, q, M, A ZHWT,

1 =z 1-q
=1 gM'ﬂAm+ay+u qmanl_qM$+aV$ (37)

LREND, ZhE M TLL2TROEIIZRLTEL.

I—lg= Mf(\ g z). (38)

EFEL (20) ICfRATRIE, AICHEE LAFEICR SR, BEMCERLEXNERANT, F—20
FEESSIE ST BV, 2 (37) RRB L, F— X OHEBREAK M BREWVESERRROMNRESR
WEELD. LinL, B, FEE ¢ “TOR/ERE o (T LRBEONEADL L, B
FIRZbTAFTACHRVBIOTC, ZHLOEHITOWTR, MAKEWEE T LATREROMERE
BENEERLRV. F2C, KEICK 67 HBHVER (38) Dl - DEFEASTAHS. K
(38) D f(A qz) 7T 7R LIEONR Fig? Thd. z BRIV IHRBEOHEREZFRTHIL
RTEBN, B (), g,2) DEIESAREDT, 5.0 RTOEEIR LI, KEFEEN {1505/
ERETHY, FIASWIZEEE FO,q,2) DERKELRDOT, 05 ETIZONVTRRFILTHD.
Fig. 7 7:bbh3 X 312, B f(\q,2) A50UTOEICRE->TVWS. R (37) OEAKIVIEL,
FOF — X FHRES L WETBESOEEEL A VIIEENEVOEND, B, TFIEEhD
HWBOK M PHEOIESEEERENEZ Licks, FXE, K&V @ fh,q,2) S0V, hE
DA RKREV g OF—F L OMBOF—F AL T, MR LTI ENTES.

I, 300FEREEARD. T,

T
z+4+a

g=1 (39)

LB L, g IHEEFBTHD. B R(2), 3)EBWT, po,z,a BENEN Az &L, g=p/po
ETRS IV, 2o g #AVIUE, X G 1, M,g,q O3EOER IR ENTRMEICR D Ui
(1994)]. LA L, MIZEI4BETHBOT, Rit, gk gL EE 525 Z LT TERV. W
e, MY g 2 ETHYERIGERY, ¢ ORBTIBIERRH L 2 OUETHLOT, RIZg %
MTERITEOT N E BT, b 1 2OMEEOERT TICEZA BTV L, o TREE L
BTERTERVDETHD.

Rix, F—H OBEBIZOWTORE CHS. Table2 ® W2 HEIRIL, HDH— OOREHRICHET

BFHB L LTREL RO DD, HeoROT—F2RAELTUELNRDZ L bHD. ZOGEOMR



ERENL, Yoo BRARIHRTOTIRARL, T—FEy FOPOREREETET. 0%
4T b Poisson A ERETHIE, LROZBBIILLT 245, N 39) 0 g 3RBAFLV IBEREZR
5. i, ZOHE, KEHBEFEN CRLRITHRERTH S,

B, —OfTBRLL MR BTaEs (F—2) ofEtiEET s HEEThHLI L E
BioTH<. BBLEmDIPRLT—FOFEREERDD I L LIELTLO LRV, Ef, 75
BENL ZO L D REEENTTRETH A, — RIS OFEOERIIEETHS 5 LEHIZLTHD,

Table 2. 2 x 2 contingency table for statistics of earthquakes and precursory signals. For each statisti-
cal trial, we count up either of the numbers m, n, y, v registered in four boxes: (a) For total statistical

trials; (b) For those with precursory signals; (¢) For those without precurory signals.

TR ENSTEH R O EIJERYS 5 (Precursor)

#H 1 (Yes) 72 L (No)

T BB ORE | H Y (Yes) m 1

(Earthquake) 721 (No) n v

(a)
Precursor 'I Precursor
Yes | No Yes | No
Earthquake | Yes | m 0 Earthquake _Yes 0 I
No 7 0 No 0 v
(b) (c)
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Fig. 7(a). Function f(), q,z) defined by Eq.(38) / M for the reliability test of the precursory data in

Table 2, as a function of z, q.
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Fig. 7(b). Function f(X,q,z) defined by Eq.(38) / M for the reliability test of the precursory data

in Table 2, as & function of z, A.
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164,

Fig. 7(c). Function f{A,q,x) defined by Eq.{38) / M for the relinbility test of the precursory data in

Table 2, as a function of of A, g.



4.3. PHE/EREOKELL LELOH
KBS GHITRERS) OREICE SO TRREREOHELRD HHITHE, THRVER
HOWEP LB THLE0DH, TOWEDEFUC OV TR L THI .

4.3.1 BREXZAAR 5~10 FDHI

MO EFICERS. B (1998a) (2L 2 &, ERTDHBEOBRID M/ NIROEB A
Uiz, BERIL & b icBEEa R Licyr— AR, BAROMTH EONEEEON4EIZRWZEN
oo FRFIH0% LVDZLichd. MBOFREM6ILL EICE 5L, NEMBEORIZILET, =
AR RD SN0R, 5ETHS. M6.9LLEOHE TIITFERIL 45 % 1225,

T, ZEREIEE DA SR OWTEER, REAGRER RS TORY, 727, 1983 F A
HREHBEOBIRBROMITIE, 0L 3 REHEBIADPRBD bW LD, MBRAERR oy — AR
RoboTng (Fig. 8). ZOHIROT —F# DHH6, ERELHEEL THD. Fiz, FHMHRIDODNT
b I OFF bR THS, ORI MGE.9 L EOHBA2EFAEL TV 5. ERT SHEORR
O ROHEO/NEBTEBI D%, SE~10ENT TEQEMBILRL, KRMENRALT S, IR L5F
1B EFR@TE, BRESRGETE S, BEROBEF — I W TEITEREZIT ). ML RN T8
SHEEIE L, R U CFig. 9 AR LER I RA 7y b (L) BIZFo LT D LTS,
HMEXSE L FHRMMORSEELTS. ZOREOFT7EY FEFig &8 DAL, A2, .., A8
OE iz, 40FEMOBRNC T, SEORITERETO 2 21005, EREIEIE LIRERD Table
3 TH5b. SEHDDBL2EDOBITIIB W THENEAE LTWD. KBl o 2 H AL G,
G2 O2EGH -, 1964 EOMBORIOZEHEK (G1) OERIIARTIIRY. G1Z2ROLBEL N
REDRWVEEICST A BEOEES, THAREIS% LGS ZOBREIEX L TUTOHRREITI. &
OEIE M7 LA ED BAENET2EOFT —Z I oW TORRBLR L CHS [ME (1998a) ] . Fig. 8 128
WCHIE A bR T RITEE6 I L, ARSIt REMRE L0R 1 RHHOT, ERER
1/6 (17 % ) L7e5. “THE/ZERE” ¢ OFEE3.0T, ZOHRFLTFRIZEMT DESTMEEDL 3K
(TS, AR S FRFNORSFIZOEETH 7y bR 1 ETHOTL LESRZFEHTD L,
g=3/10,s = 3/25,z = 2.5 &7 5 (Table 3) . T OBEFIEHEITILMIZLOT—F £y MR LRV
A, ZOLHBRERFETH, HIEOREENOBERELES.

ZEHSRORE % FHANTAT O DIREETH A, REMVFELEL THD. AREFEHHERO S —



APS T, AR ERSIEASHEE CE DXL T RHESA b ey — 2B RVWEENT
WAV, 22T, K0ELOF—FIZLoTh, BITROAERR L D ED EED AR LT
and.

1964 M6.9 / 1983 M7.7
‘ 1 1 * 1

Al A2 A3 Ad A5 Ag A7 AS

10"lag(R/RO}

Fig. 8 Time-space diagram for the 1983 West Off Northern Tohoku erathquake[after Tsukuda(1998a)).
(31,32 and G3 indicate periods when the expansions of seismic gap cceurred, R in the ordinate is the
distance between the hypocenters of the mainshock and that of a surrounding earthquake. Ro denotes
the representative value of the radius of the source region of the mainshock of 1983. Time is measured
in reference to the origin time of the mainshock. The area of the plotted circle is proportional to the
source area of the event with reference to the that of the mainshock which is represented by -tﬁe circle
with a cross located in contact with the end point of the radius of the mainshock source region. The

upper figure shows the tentative time intervals for detection of anomaly with the time of the 1983

mainshock and that of the 1969 event which took place close to the 1883 event epicenter,



Table 3. Experiment on the forecasting process for the 1983 Japan Sea earthquake {See Fig. 8). The

parameters T, M, N, F, G, m, n are the same as in Table 1. = denotes the ratio:alarm-rate/null-

elarm-rate. T,s; is defined in Fig. 9. G1, G2 indicate seismic gaps without accompanying a large

shock shown in Fig, 6.

Toff Detected | T |M|N|F|G|m|n| z|
5 years G1, G2 8| 2| 6| 3| 5| 2|1]|60
G2 8 21 62| 6| 11|30
1 years Gl, G2 35 110|256 9126 | 9|6 |50
G2 35 10_ 251 6 1290| 3 :i 2.5
F R
Forecasting Time
STk L F 584 R 4970
Detecting Perlod Forecasting Period
R | |
_________ | [
I 1
R : !
R : |
Fomemmmee- | :

_.ﬂ Tot

Fig. 9 Time offset for shifting the framework with forecasting time, detecting period, and forecasting

period.



4.3.2 BEIRHMEHE ~10 BOH

RIEEL W H O, £ DBE, FEABELTHLRESRS. AiBLE TOHET D Z LITFEFITEE
Ly, HAMERNL, HOHMBEESNIIETHA TR, T7hbh, AELHIERNEDOERELD
PEL UIRRTHS, AHBOIE S A SIIEARICRETAOT, Zo L) RHIBORIET, ZAKA
WCRATSEANE, £9, REHBEHL L CHMAER THH. £2C, HIHIEEBAIIENT, B
MR BHE - THRASRHMEETNZNI0 A & LTHEBEBIERLIT) 2 L 2E2 5, @R OHRILBIO
LA o TS & L, BREHMBIEEGOERIT, 1) FORBOBEOFEEHTIERE WY 7 RAOHE,
2) BEOBABLUT O LR Th L NEREME, 3) TOMORKRELHT2ES, OWnThined b,

DX BMERBREICHT D TREEHETH D, 4.8.1 TR H-o72M6.9 LU EDRkH
BEFLCHE. AVWERBTOBRT —ZIC L DR MBORRY A M0 (1998a) @ Table 1 (&
5. KETOBRT -5 T, LICEH L aiREE R TE 72013 1995 T REREMHEDOH ThHo
Fe. FIC, $hK (1985) LBEICL. 2L, ZORO 1FEMUNOERORMBIES L. £
R, 11 OHED S H, 1995 FLERBHEICOLR, BTHICAFHBRSPROLNE. £0O5HE,
FHIRIL, 9% ThH. BL, 1943FESFHECH 3 AAN, FEME 1 NBEEL TS, FEOH
BERER ChiuL, botEOMBEERMLEAL LRV, ThEEATL L, TR, 18%
2D,

WIZZESRBEL ZAEL DT, ERHMEHRER CERE L TWAMETHME T a7 hOF—F &
AWTas. EHRABMHBOMEBE AT (M>4) (2T, 19785F1 A4 6 20004F 1 FETD24
RlCE%EH 2 BEERshi B (200001, 72, KHEBRERAEL THRVOT, ZO7—FhLTHE
IZDWTOHEEIXTTE RV, Zo8EEE, 2/(22 x 365/10) = 0.0025 T 5. LICRDIETHELZHND
&, TR ERE NI6~T2EL LD ZTOREERST, TEHEARWVEEIRALWE, bL, =
OREPRY SNz 51T, BELY LU L&D T ENTED.

4.3.3 BAHRHMTEOERR

FEOHEENCZ L > T, HWSRERRARAEL, MBE Y V=322 58BN, BRI, HAH
ADrE, ALRBOFIABRER > TRERERE RTINS, MERFEBREIEHRDLIOTIELND
RERHD. ZOX S RHEEEIICELE D Lb Lk

205 HOFCHENEDLD, A LHARZOMICENTN LERNLD. BAMSEYWZRFICE
FRETHLFMHATES. S, BHOED, THRSHMIEHASCHA BN S B0 1 HE (0~24 5)

— 37 —



ET5. Table 1 LU AB0) DREEZANVT, g=m/M,s=n/Nn=F-mN=T-MLET.
TORED ‘BE L, BATRE T ORN, FEIERSMN, o= F/TIE—ED 2/295 TH3. A,

“PEIREBRE g0, M, T ZHVTRTE,
z=q/s=(1-M/T)/(a/q— M/T) (40)

LB, THR ¢ OFEIZOWTIE, BEETAHKICEREL Th LWa3, HRSHOMBOF —& %
WTH RV M ICOWTH, EHT2HIROMBEEEZAWSRECHL. T5&, M/T OEER, K
HMBOEE, 12O TOI00#ED EOFREBREZE DS, 1075 Lo REWZ Eigiwn. X(40) 3, F
L,

z = g/a (41)

Thd. o, MELEPHBICH L TCEBR, +2bb, FORLRUREHEELFOL LIERED
FHBIZHYS S, LiztdoT, LROEWT S &A1, MEREHENTHNEX Y Yo EE-
TWAHD, FERA FRSEDERLLS. FE(1979,1999) i k52, AFROHMENEES g~ a TH
D, BBHLHIECRIICBOTOTNN ¢> o LRDIBETHLIOT, “FHE/TTHE (318ET
hoT, —HANCIE, REEZAV'D ZOFEREROFAIIH L TED TR, EL, KREOE
BHREBS L ZAT, WWAR NIV —OERETIHEXRHVED. TOHAIT. FELR-TER
2T OMENHD.
4.3.4 PHERELFEHCRR

Vb HERBET RO L I ICREO RS EE MR GO TRERFED R SNIBE DA
RETOHSE O L ) ITH-oTc b L 1995 FEE R HEON 2 ARTZAAEE T~ Ne D L
Al 5 e BonoipkmOERLD, EMBEOEMOMIAZBERENL. JIUTERI L HREA%HR
ETHLMIAR o7 [{H (1998b) |, Tsukuda et al(2005)] . HETOHTKOEHAFERLEZ b S.
Higid, ABOBIRE L OHTHOMBESRORE LIBT3, Zhid@Bo CRERHSET, il
DERLBEGICHBITES. 20X 5 HREFIITOMBIITHRL L0 EMDOBTHDHDTOZ LD
L. 3 BEREOCRAMIMEB I UTHRMMLRT 5. BHBIL, 720720 1/((365/3) x 50) = 1.6 x 1074
LTFTHE. ZOXHREKRLOHETHERMICRET S Z L3RV, HONHRRRGOL LI
ET5, OXY) REAREROAESESTHE. MERY I L—1a &7, EEORED
B, HOHIROKE RMBOREIR, REFIAPBRIEAP>TWVD LTS, ZOK 3 REEOM
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B2RZTENC KRB I THITAKEHEZE S BR (TaR) &g, 2R 50km OWiRED 5 b LR
K200 5 3km 1E ¥ OB ICRAT BRBE p, = 3/50 L LT, THERg = pra® L ITRDEND.
g DRI, WEIZ OV TEL OMIMRLETH S, BEOCR. DA TEA#ESEEL2OT, KIZ
qw = 1/10 & FHiT, TR 0.006 LEEIND, ZOLHREEDS L TIL, “Fag/ 2HR”
P38 s L72B. DLERFEEBICHIEVWHGR THHP, EROBFOHBEEROME, HRMELTR
PHEEDIE, LD ERSHEENSTERELAS. TOR, MBRREAROFERODIL, MM KARS
EOWTOFRBCE B & 5 LHEOEBRIIES LS. ZOERCITCRYBEROBEREADTHSS.



§5. Bk

FHoIaw AL, &Y, TH, S, HEAO 4B, KMBEORSFEE,ORATEHROT
BARRORE SBEL Y, FRAESCHEBROERYRE)LEMNOFREFZHMOR S PEES L.
HHITHIE, BEOHIEC L o TRHKEGOBMAE): b OOIFERP, EATFHROERERM &\ 5 AN
R b2 0 FHRMSHMOES R ED bR, PETFHRIIEN & EHORE LAREBIISHS.

Table 4 {3, PR 2 EX DR, RASSRFHPTHSEMMNORINLOL I RHOKRD
NERLELDTHS. BRASRMOIE, DI, BRAMBIMSFRIZHBMORSERLCTS
OBRPYUTHD (8.2 D T2). AL, PHEZITERAIE,OHE, THRARHMEEANZ L6
RIETD.

Lo 4B, BE, 1975 FEEMREO TR L OPEICRT I ERICBVW T HYER S B
(1978)] . FETIZ, ETTHEZBEETHEFEA TS, FHHRMECH, MEEATCERYPES ST
DR L dd, EENRTH, b bRETRTIIENo%. 1960 £k 025 1980 FRUIIN T
T, TETREMF L —BAROLE (FEREA LN CLIHBTRERORENHY, KE
DF— & OIE & FOFMEIFTHRANIToh iz, 28, ZhAThoBIMRBIZSWTO “TaR/
TERR” RRRBETOF—F OERCRFB LY, EREFNLOBRGIECHDOWTOEER /) A DR
BERHBLA+STHo7. TNTHRE, TOAENR TRIEREESTHEE~DRY BHLO B
Pz OWTIEE S BT ~ETH 5.

BHPHRICBWCPECTLERG b L 5 (B (1978)], HMBEBBEIO L 5 RIKEOHE
EHEEZELEZTRICOVWTE, 4%, TOLIRTF—F EfAWEREETROFELMRT~ETHD.
ARLTHEHER L2720, KOBEL LT, KT 2 b =2 ROEBICEI RHTROMEHE
CHEYH~ETHS.

HWBEFHREBO TROBEAMCEE L R2FIER62VO, SOETLRBERARLLTD
FKBREOHEOHETHS. FAMEEOIHBRAZOSEERTS. 35612, HkRRICET LR
= ABEMTITEEBADI, BHBRAE~OT L ADHELWERBLETHS. FTOULBNLRLE, #
AR TRICETEERIELEVEEbhanb Lk, Lnl, BTEXALNDZEREATE
WTHICHARLRVWOTH S, FOLH)REROBENBLNE D L, YO LS REPRRESR O
65ﬁ,%,%i&nézkﬂﬁﬁfé.%wﬁﬁugdé,?—ﬁkﬁ%mmﬁéﬂotrﬁ,ﬁ%
RADOFHETHZ EBEELW.



HIE T ORERITH T S LUROE 2 FRIG LB (2003) 2HERLEBEXFIT, Eo o MHFENRZ
WHLOTHAEL, BRIDEZEZFICESERTELRVAACRRESES LA TED. Vool
BTROTERT, HMBERERRFBEOT—4, L{RIKRRKOT—#ICL->T, HFRNEONDE
CEDLZLOTHS, I THALTEARERZLRVOE, BARRE L TO "HIEBAEREE" 17
ETAHDTCHAENI L THD., Fhd, TORBOLLEY, TRETOEBSOEPTIMRELSL
Bt [FE (1977, 1982)] AL Z LEIFEE b0 L bl L ThL. Ll, HETFHEXITRD
VB TORKOBLER, HEREXZLZNE INTHS.

—J, EYTHROBEOBHR CHIZEROAS L HIC, BROEAIE L THEBZ BAE I E HFHFRNT
L, EROHMBRERBITTOMRRII LRS- TRE B L3505 HD [Hr(2001) &) . 0
BE, EROMEBEEAERNICEERERE L. TRTOBELRTNMERRE IR L
TEZHDTHA. RETROBERIIOVWCORBMFOMA HMEREWAKESTHBREZR LR
LML (1999), HUBRAEHEHEEARMEBERETERS (2001)] b, MIBROBAESO P TE R
BRTEEIN, TREHBRETHMBEORERIT>TWND.

BHITHROBMETIE, TOL AR EXLEREEALTLIWS, EHTHR (ETHE
&i0) Ch, FOROEETHIL, EHKOBRA+LIBONINE IMERENS. —HORS
ZoWTER, AREBAMEZEREET S0 LR, £L0E, FRBOBH%E L TADRERESR Mk
L, BohiEEnbmRLMET 20T, MR ERTORELRDLOITIRL TR,
FHEOBRCENT, EHEE (R OMHED LRI FOHBEEREEERT LV IONE
5. COBRSORRIIEBROAEERR LTS, JHCHLT, BEBTFH HETHR) OBREIIO
X5 R EhOMRTIIRY. ROOEIHRAETE LN, BlTRESWEEFRKROFHR (B
BIWC L “ThnsE /ZSR" ) 26 L ICHERMBLHET D, BYOFIRECIRRROERG G AL
AT RERER (FRRER) IFELESAY. LEnioT, PHOERS 2 EGMIIFMT 57 <572
WV, ZOZ B Lol bEE L CWRITTRLRV,

ENB I LARBTHROBEICONTH, F—2REFELERERTH-T, 7—F#BFRLTYVS
A, R0 ARESE L LTORERERLV D LY, bhbhOFET 57 —ZICHEURFELUEET
5. BEOBEOERIIFLELENL 5RO THS. LEN-T, F—FBAR+5RMIRE TORE
FEBEL, F— I BHBNEVHB CrL > TRRMEC R LI RIEBTTLHDYTHS. £
Ot ZLOERIEBHELTLLILERDHD.



HHEOMFBITEBNT, BEIBOBMERLAVLNTER. ZR IV LY IT7 4 7SN “F
BB THD. FERAGEIERAICHBEREREL RO EEAVSETH- T, BERET—
ZOTHED & &1X, TR ENOFRRBCERD “FHR/ZEHE" LWHSEZRDHE D HEERT
b5, §4 TR~ LS, dREZOMEORHALIFMOES S, ERIGOFEMI, UTo2ZR
WZBWTHRFITHS.

1) “FEZE7EHRE L MERARPMEERO—DIBRAL L, BEREANE LT AERITR A
2) 2x2 3EIFE (Table 1) 2B\ T, freRRHURDT —F ZIEE L THAWSEEITE, BEIGLEWVWIE
HTFTELRL 5.

HREOEZFE LOEENLEBIEZTLVIBKRT, RETROBESCOVWTH, MBRT ¥
AMIRELRDLHERAFENESEEL LOEF NV (7205 Poisson Bf2) % b o & b 3AMaBUT
EERNHEDTE L. —E0sEEREEE b OE ¥ Poisson @8 % HE#E A LT, REIRGET S RER
% b DIEEH Poisson IBRRIZILRT L, X0 —MREVLERBBRETVICEERT D,

HOBRAORERFENT I8, 87 40 “THME/ERE PUETHDS. ZhiEnLo
ROAHMIZONT, §4ATCHIZHETCRALEL. TrE, T AREEWTEREE L, x2HBRY
ERT 2 BEETHo . BHEL KD HIZIE, BETFHRHURYMCHESRELE L TV RN —X
DY —_A BUBETHD. £ OTr—2A3, RAAFHAMICRAEN L, TEARHEICHES 2V
WH IS, kY, MENEA LR oHEORMOBRHSLETHL, TOL L TEH
FPRRDEND., HERRELREEFFTEOL - LHIOBE RRAWRER) 2RI ELLDET
VI, PREEZMDZ LIHEES N, ERFEROONRVOTHD. FOI L EBEME LTI LR
V. REEGBRHOBRO —DIIHBEPRELRWEEDT —F RS HLALIBTL L THD.

BE, TNETHERTERERTHE, FHALLI ETIHBETORESTWT, TOMEOER
HEIZBWT, BREBIUCZORL TOMREROES 2 LOAL L LEREEDETEL. bo
LR THOME TIE, EAREARMBRL I THRELNIOWT, ThEETHREL, BF
BRI HET D OOFRLEZLTEMUERLR. ZOMXTIIEO I LiZid—gfth iz,
TS BOBETHY, HE, ZOLDOBREMACTRI AT MEEOELH> TS, ZOME
D—oORENBAE (1969) IZELORTWA. SORESA T, GPS %M L HsRZEBEAl, =i
BB L BBV BERICIN L, ThoDBAIRBE LD SOCEBEEOHTAR, MFFAREE
BETHBHEZEY RO RFERORNI LicR 3 ) EEX TS, RECHBDOHEE L TR



BEAYRSCERSERREZOBEALENTCHA 5. BREAKRNIAE L0065 HIRO 57O/ & 4F
FTT B EIIRIENER RS EZ TWA, FOLICHERDET Y 7 {Thhs.

Table 4. Detecting and forecasing periods for 4 stages of earthquake forecasing. It is reasonable to
assign both the detecting and forecasting periods in the same time length. However, the short-term
and immediate-term cases would be dependent on practical dermmands such as evacuation plans, prepa-

rations for the coming disaster, and so on.

BRESHMOoR S TR ORS
Time Span of Detecting Period | Time Span of Forecasting Period

ERTTH A~ 18 #¥H,10, BERE
Immediate Term several days~a week several days , one day, several hours
Forecast
AW TH BorH~18 B A
Short Term Forecast several months ~a year several months
FHTH I~%1 0% ' 1~ 0%
Intermediate Term | a year~several tens of years a year~~several tens of years
Forecast
EHTH 105 1 OoFELLLE
Long Term Forecast | more than several tens of years | more than several tens of years




§6. FEE

HOTIHE (2003) IR LA FERIGAT S L E AL AMBICOWT, BEMRMARIELIREL
bDTHD, TOERTUTOEY THS.
1) HIEORESETRIL, EBH, T, O, EAO4BREIChT 58BELR U, HEREOHESE
B A b BRI THOTRETRAMAEE Y, TCEANEFE)LEMTHEN THRO TR RAM
BEES, BEEAEK, KESORBORBEILETTS. B0, BERITROGEGE, THRIRHME
DRI BT SRR H D,
2) ARBLSRREI HBR RN 5, BREOKRE S2RDLHITE, RYOEIHRILE
ThHD. REITMORERIIEORE|IZIES.
3) BAITFHMICEBVT, BRORS LR HHECOVW TR L. —Do0FERE, EFBKOBREIC
Lo THEINTMBREREIIESC LOT, JORENEFRO LEVWVEL#ER 2%, BOLEVWVE
DTzl T L& & $BEMRT 5. § O —20FER, FROBAEBCEFESRILEZNEN)
BBEERAT A LOT, BRIEH P EEICER SNIEROBAUIESNTND.
4) HBERAREECHEEHENREN T D REROMIFOMEREE, A (2003) (IR LA TRMT 55
B, “TRESEHE EROLFRERLE.
5) THROMBLED AEHIT “TUE/2HE" THIR, TOERMIINEHETHDICAVE
F— X DR EREbo TS, FRBERBRHOMEE R BV I LR 2 et e T (1994)
ESWTERE L. #kESOMWEER LI “FaR/EEE T TR, FToFOETTHR
REDRT A—FLERTILERDS. BCF—FICEENLHBORD BV IE L EHRIERE
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