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Abstract

During the seismic activity in 2000 in the Izu Islands region, Japan, an experimental study on
earthquake prediction was carried out based on several empirical rules. For the imminent predic-
tion, hypothesis A was applied from 15 to 28 July 2000: that is, when earthquakes with similar
magnitudes were observed at intervals of less than 2 hours, a larger event would occur within about
4 hours. The alarm period was then changed to 12 hours (hypothesis B), and the intervals of a pair
of earthquakes and the alarm period were changed to 24 and 48 hours, respectively (hypothesis C).
According to these assumptions, 13 cases out of 25 imminent predictions were successful. Short-
term predictions for an alarm period of several days to 21 days were also attempted from 7 July to
13 October 2000, with the following assumptions: when small earthquakes began to occur adjacent
to the previously active area, it would be a precursory signal of a forthcoming larger event within
several days (hypothesis D). In addition, when earthquakes with similar magnitudes occurred
within 7 days, a larger event might be expected within 7 or 21 days (hypothesis E or E’, respectively).
Among the 13 short-term predictions, 8 were successful. Although the success rates were not high,
such information would still be useful to prompt an examination of the available data from various
observations or to prepare for the possible execution of a governmental disaster mitigation
program. Accumulating such experience will also be useful for finding an effective prediction
method and an appropriate expression to announce the forecast.
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Fig. 1. Hypocentral distribution of the Izu Islands
earthquakes (M =4.0) in 2000, after the earthquake
catalog prepared by the Japan Meteorological
Agency.
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Fig. 2. Probability of an impending major
earthquake after Yamashina (1981 a) based on the
earthquake catalog prepared by the Japan
Meteorological Agency. Horizontal axis
represents a magnitude difference of M;-F, (left)
or M;-A, (right). In the respective sequence of
seismic activity, M, is defined as the magnitude of
the main shock, or the largest event before time
T when a major event occurs with a magnitude
larger than M, F, and A; are the largest
magnitudes before and after M; (up to the time
T), respectively.
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Fig. 3. Imminent prediction of seismic ativity in the test period from 27 June to 14 July 2000. Each rectangular strip
represents a range of expected magnitude and an alarm period for an impending larger earthquake. Among these, a
shaded strip is a successful prediction based on preliminary magnitudes (M =4.0) announced immediately after

earthquake occurrence (circles).
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Fig. 4. Experiment on imminent prediction of seismic activity in the Izu Islands region from 15 July to 12 September
2000. The meanings of strips and circles are the same as in Fig. 3. Horizontal bars on 23-25 July represent periods in

which no larger events were predicted to occur.

— 349 —




LLFHE—ER

T, BIBDIRGE B b&bHET, 40~60% < SVDFER%E
MELEANEh-kEdicEbh 3,

TEEDOIEFR S NP TN - TE T EERML, 8A
Mo, RIECOREBP CEHVSEZ &Il £,
8 AthE)H» & 13 KE: B OEERALHE L, ThEKik
B’& L7, Appendix 2 %#R2% &, G B, B, Cick 3
Tl IR 23], 36, 6@bYD, FHIAH>D
3, #RMEIcEhEERLER O0E (0%), 2E
(67%), 2[A (33%), #hICHEL A2 diF 2@ (100%),
18] (33%), 28] (83%) & -7 (FRE METIZ, N
1@, 1=, 3@, BXvoE, 1E, 1E). b-&K
ERHEASREES BV EETAILZ 3E (REA; W
NOTHEEY) dEY, Kt A~C Itk 3HFOFHI%
G bE s L, 25, HER M Ik 2 THIORKTD)
13 13[8] (62%), ZHICHEU 2D id 6[a] (24%) H -1z
(EREMETR, £hzh13@eE 4[E).

7.0 T — T T
$6.0 1
2
g
8
= 5.0 O &)
o [olNe] n
4'0 1 1 q ol [2]

B, KEHCIKBVTIE, THIoOHESKEZ &Lk
5, RiAhifc UcHiER S 6 F 7213 12 LN, 3
WE LIS CEfEBWT, 24~48 Bl oficiEC 27
e REVOTRIEVWAEBbhi. FillEc—B%
OFbERENID, EBRICTFRIMS Y -2 3EIZD W
TZOFRENL AR5 &, 25 KEH, 3IEME, L0
48 B OWIIRYINBERITH - 72 (7272 LBHRE M fEic
£3). ADLERBSH DML EIDRFbhSEV,

SEIDRATE, —if, BRIhIEEICO>VWTHE
K&t (Appendix 2). Thid, Fllani M OKZ
S EBRREHNS E ColEE» S, BEOBLZOES
HAIL7-bDTH 5. 7TH 15 HOBIIOTHEITI, LT
TAMETER 4TV EGBEICLT MRS
B TRE 4~6] & Lok, ERICHBTEE 655, #f
HAETEE4 (M 63) itk L. [FIRE, #EEE»
TRES~6] LA 7TA20HD 2[@HDOFHITIR, M

19 20 21 22 23

Nagnitude

29 30 31  Sep.1 2

5 6.0F i

=

-~

-E O

bo

= 5.0F i
o]

4. 0 1 1 1 1 1 Il 1
Sep. 3 4 5 6 8 9 10 11 12
Fig. 4. (continued)

— 350 —




2000 FEHGHE B OHE TRS O NI7EH TR

42l EFE-kbon, RS TEE 5 55OHIEAS
EETWA, F\fkic THIRE, #HEE 3, TRE 5~6]
ELETA24HIEIEY8ASHOFATY, RIS
TENFNEESHR W55 & M52) & TFlED
Lot ThERAED 8 A 16 H 2 [EEOTFHIS [F]
BEhTEE4LIE] L8 A 2 HOFRlICE, IR
ETRELT (M48), EE4 (M40 otENZzh
Thxial 7.

—%, THhEE»CEE4~6] ELTHIBHD 2
BIHOFHl, RS, WEBE»TEES~6] & L7
A2HD2[EEPL7H?28H, 8 H8HOFHITIE, &
oY TREL IO BEHIHEGEES -/
&, BELERLLFRREEc10REH Y, 63 (60%)
FTRTRS A BOEENTEE N, SEOEED
FRIT PO OIENHD, —FIENIELZLT L ON
ST X 1ob i TR WA, EEIMZECREL
T FRB T DL S0tk hid, FhisicEERBH -~
DTIREWREEDLNS,

BEOFIE, HEOFREZFOEILICKELLELGS
NaELEMHB. LoL, BROZUFICE>TRD
MOPTWEREEIEDLR, TH5LERANE- DS
natkp-fchdbLiian,

5 EHEAFAl (R D, E)

HHE~21 HL 5 WO AZRE L G TR0 R4
T3, BHEFNCRPREBH D, (R, TR HE
BUE M ES & 0 IEFERERMEERAZSB U o
Hohi, GTROEANINEPZOLEICHT 2
a X v b3 Appendix 3 IT/RENTWA DS, MG OHHT
3, BHE MEIC>WTOALRENT WS, 18, ERj
FillTi3 8 HhfE © M 4 LI B BRE L TRET A5
Zontchs, BHFRITE, #1odhs M 3IRP—IE M 2
HOEHFEB BRI TV S,

7TH1H 16801 4t flRiciwsIATM 64
PEEL, BNk AdoEtsdiLc. 6 H26 H
KEZEBMETCIEE - e S5Ho—BoMEFRETH 5
73, WEELL TH 6 H 2 BED SIEEHHEHL > TV
7o, ORI, M oEICHEB LR A THTRIAEE
Tdh - teh (Appendix 1), 7EERRE O RFZE RN
5b, FHANCAEELUGETE 300 S - 120 TRE
WirEtBbhi, #27T, gidok Sk D 27,
FRoeEFo>T it L.

RKen DIC kA FHlE, 7H 4 BIcRIciRE s hic,
hid, 7H9BE» SHEOEERENTOEENEIL
Liaw iz C EIFER L DT, [FHBEMET, 7TH 14~

20 Hiz M 4 %¥LIE GEETESE 20~30%) ] SV HAR
Th -7 (Appendix 3). BHODOTH 15 HicieE/c M
6.3 13, KITT AEFMNREE TVIZIEZE OBFICALE

LT, 8 A2 HICE, &oicdthoREMEDED
MEM BB T LicEEL, THEAadnuc M5iE<
mEALLE CGBEMER 20~30%)1 &5 FRlZBOE
BiFAl (A7) EECIRE L. LAl Zhid, Z0%
HRCREWIEEICRET R L3 -1. —FH, =%
ErmEoim®clid, 7 A 30 Hic M 58, 65, 5.7 DiE
HiEnt, EL TR, ThE D bEIDTH 26 HEN S,
M 2~3 /NS BN DPBEIC > EBH TV, M
5~6 A C A AIHEMEEHANCIEMT A L3 TER
oteh, IREEDICYTREZFERNO—K >7zhb L
nmiw,

—7%, k38 E I3, Yamashina (1981a, b) o & - TH5
s hi—fEE = SZ RS i boT, Thic
HEoWAFNE, TR THrOBEN, WA TH
FHCPR » 722 D & 2 OFHE, TERBIRES WS £ T
 DpEWVS Bl LSRRI 720, WHE XD /NE
MEREZBEL, [MTHT~13 Bic M50 CEEME 10
~20%) 1 LWAH RHRFICEED SN, LL, TH1H
M4 WFEAEL, ZTDOKROTHEHETIIMEHEN4
EEXTWhd, IR, HIDBELZ LD -
blhmwv, THUHO TS S IHEEERE 20~
30% &L, 9A1AET, THITEIITFRZEHVELE
75, M OFFRIZ, FEEHRIICIE U CEEZMA S 2 &0
&ok.%ciﬁ,ﬁ%Ewié?wm8ET TRl
D OEEDSEE & 12 HFL 5 [H] (63%), WELD b M
WUEZGNES - 12HH (M7 02) 2518 (13%) & -
7o (7L TR, IREED LEIMIcERE s N7 H 14
Ho#HBMMEOEETRIZ AN TITEA 70).

8 ARLEICIIIEE NI TFEL, T9R 1~THIC M
4P EIE L9 B 1 HOFMD, M35 0FEICE
EF o THEHMEMN -T2, D, YASHOTFHNLS
3, FEHREAE MR ERERICH 2 LTr S 21 BRI I
G, CThEREE &R &L, RKEIILS
Filliz 3ET, 2@ FRIOEHNEE (KK LvwTh
bM3IJicEEEB), I0AIIBHICHEWHEED1
[ (10 A 30 HEE Tic M 3HiE~M 4]) 3, 1 HEQ
D10 A 31 BT > T M 47 DREAR A,

i D, E, Eic & 257N, &t 13RS .
ZD5 5, FHBY OFEHHESZLOFIELETSE
(62%) b, 1z, MBDUEINE D - HIEEPFE
WIEREGENIEEEZTNICEL S D EATLT L,
zhoid 2 (15%) & -7 EFRSESERBL T,

— 351 —




L —EE

FricREn E g, —A7sER (20~30%) L0 bEWn
R 21 tm{mﬁDbEu$Wﬁm¢m< bo&
NEBEEHERAEEZ TEh e EShbh S,

6. ¥
[RIEOREIOMESFEF LI L &R, 5Kk
EHHBAOEESMSIE | LWIHIFEZITRS VT, 2000
FEHRGEEOMROERTET - 7. BES IR
A TId, BEFEEATHIRNT 2R, & SicRE g
MBI HMhd LNV ET ZHEEMBIG 4R E, W
NEDLBVELLERES N, INIREBHFOTFRIZR
BTHIS A»SAKRE T, LIEIDOFAIKE> B, il
EBREEBICHEBI NS =F 2 — FickhiZ 6
(55%), HBHIERESN v/ =F 2 — Flcthids
[ (45%) &, FillhED OKE S OHIENSEZ TV 3.
TARDRE, EHOLFESET LA EERBL
T, FEMMA 12 BRI L 723 B (%I B), ft
FEHAM] & 24 BERE, EEHARM A 48 BERICIEA L 7Rk C
EEICIERR L CEE Lz, SH2HMS 1023 HE
T, KB, B, C &bt T 11 BOFHKERID - 72
M, BRI Nz =Fa—-Ficdhidzn55 40
(36%), BREEhic=r=Fa—FickhidsM@
(45%) &, FHhEY OKZ S OMIBSFA L. Kt A
KR BFRC, EHSETIELETFRILALTHL
B»S 24 Hicrid T 3EIOFHR (KGR A; 3[EE S
FRIEO ITET) b4 NTELE B L, 51T 25 BIEH
ShcSEIOEFIFRORSATE, EHshic~s =
Fa—F, ﬁ%ﬁéntvf:%;—F&§,w@
(52%) OFhEEF
ﬁ5~ma<bmwﬁﬁé@ﬁttﬁ%%M(ﬁﬁ
D, E, E) 3, AT 13Eia k. 205 5FllED
DREIDHENESOR, BRESNAL< S =
Fa—Fickhi, &bdT8[E 62%) &H-7:.
VIgioEt i, RIREOHENER LI XICES
KRZBHBORENEE SN 2EE13, —EHICIE 20
~30% & LWEEZ ot A, HICEBITOBE
iR, EEPRNOES 2 TE 3 FEREL, EES
NE<7=F 2a—- FOHEHREGL LD ENHS
St EHOEEICEOE TTROD 7D DIRUEEE
L, 40~60% < SWVWOBEPREEL LB TEL,
v/ =F 2 — FIcEHLEFHEFTLT, —88, %
AENBAEEOTFULRAA SN/, 10 EOFHIEED S
B, 5L RE S N BRI FRIEE D OK S 78R
MEga -0, 6[8] (60%) H-71-. Zohicid, B
fE 655 2 MDEE b MBS EN5S. TlEHROFHE%:

EZBE, =T =Fa—-FOTFHLTTEL, BE~AD
ShOAEELRLIEDLN S,
BAEOHMBCFRHLOF— 4T, 100% 1< Y4755
R FRAZET2 S BE LY. 50% Hike 20~
30% K SVOMBEREMELLFRlTH, thoF—5%
HUABEIT 2203 E LT, F7, BEMSESH
8% & BMENEUK E XA B TSRS L
T, ThRODDEFENDSLEEZONS. bBAA, F
HOBHENG VI EFE LV EGWIETHREL,
War L ox TRIEAEAER, EEHFCHESNS
R =Fa—F, BEOEREERKVAL T &, Fill
OFPREZD L TOED L E, HYBERETHRT S
TEMEENS, T LB L - TEMEERAE
BAShic LT T EpTEhE, EHREICE29HE
BEOFAGEATHL bDLEbNS.

##

K[ETOFHPRK EFN—ERICZVWA VAR L
TV EEDIE, SETFOHEF-7ItonWTIH
MW fiWie, Ei, WRAFOBE LK, EBY &
Kb HIEF — 2 OB I > W TR WX, B
BEAEANZE A O HTE BB R, KRF o _HIERER,
RRERFOEE R, BHE—K, SHRE=KE»0
FHRICOEERLERCEREZ VKV, HIEERD
TEHODPBARINERL SNTVWATRFIEHLDEL
DFHx Eabt, EEHLLW,

X @

KETHIEE TG 1999, B - REE (Edth~Eyr
) LR - EIEE FORERE) oMEED), HETm
HIK S S, 61, 399-405.

FHMER, 1978, AIR SRERMEROHA BT 5 —FA, MR
2, 31, 129-135.

Yamashina, K., 1980, Case study of probability prediction;
the 1980 East off 1zu Peninsula earthquake, Bull. Earthq.
Res. Inst. Univ. Tokyo, 55, 873-883.

Yamashina, K., 1981a, A method of probability prediction
for earthquakes in Japan, J. Phys. Earth, 29, 9-22.

Yamashina, K., 1981 b, Some empirical rules on foreshocks
and earthquake prediction, in “Earthquake Prediction”,
ed. by D.W. Simpson and P.G. Richards, Mourice Ewing
Series, 4, Am. Geophys. Union, 517-526.

ILFHIE—ER, 2000, 2000 FEHEE - R - = EBRAUOHIEE
HFRoRS, BAMBEFESFHETRE 2000 FEKE,
P 163.

(LARHEE—EB, 2003, 2000 SEFRE i BHR O HIEETHERTFRl &
Z OfREt, HE 2 R,

(Received November 27, 2002)
(Accepted February 18, 2003)

— 3562 —




