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AND FUTURE DE\'ELOP>1Eh'T 
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l. AESTRACT

A national program of earthqualze prediction i..as launched in 1965 \,;ith 

financia} support frorr the government in Japan. Science and technologv 

rel ated to the ¡:,red1ct1on have been rap1dly progress1ng s1nce tnen. The 

st3te of Lhe art has reache¿ a le\ el \,;here ü,,:,re is a co:1sensus that ar1 

¡e:��11·11shed yet. Tnese are st:dJ in the ceve}c¡:mt:ntal stage. 

I:,,i most Jr;.¡1ortant 1nformat1on in thE prediction of earthquakr-:-: 1.:' the 

cJ1,s¿·�v.�t1onal d.ita. part1cularly, that on the precursoq candidateE;, ... h1u, 

n,<1:, be t hé: real r,recur sors to ar1 earthquake. For further develop1J1ent, ne1< 

r�r> t hc·c'r,1,,¡:v cJnd tc·c�.nc,logy are n,qu1red, 1,·h1ch ·would include 2 strlní-'or:t 

c.,per1ment 1nvo}, · n� a prec1cticm prior to thc: marn shocv an: 2p: :.� c2t Je·· nf 

·s:t:,.g
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2. 1:::: r'JD1_:cn O\

Tne prese0t efforts of earthquake pred1ct1on in Japan started in 1961,

wnen the pJb11cat1on "Earthquake Pn,d1ct1on----Pr ogress to Date and 

Flans for t"uture Development"(Tsub01 et al., 1961) \..BS 1ssued b:, an 

earthquake pred1ct1on research group cons 1st1ng of Japanese se1sr.1olog1sts. 

Thts planning dre\..' much attent1on throughout the world, espec1all:1 :::rorr, the 

ünited States. As a result, the f1rst Japan-l:nited States Cor,fe; ence on 

research related to earthquake pred1ct1on ,,35 held 1n 196L. Tn1s co�ference 

cont1nues t.o be held even four or f1 VE: years. Recentl:,, the LJ�R(C.S.-

Japan Cooperative Progr am in Katural Resources) Panel on Earthquake 

Pred1ct1on Technology was establ1shed and the hrst Joint. meeting of the 

Panel \..'BS held ín 1979. Follow1ng Jolnt meet1ngs have been held 

approximately every two years ,,;ith increas ing cooperat1ve \..'Orks. 

A nat1onal program of earhquake pred1ct.1on ',,as launched 1n 1965 .:1th 

f1r13nc1al support fro:n the government.. The fund::.ng and planrung of the 

prograIT have been in f1ve-ye ar 1ncremer.ts ( the firsc segment ,,35 an 

except1ona1 four years). The prograrr: is nov. 11, th!c m, ddle of the hfth 5-

vear segment and thu.s ',nll be 22 year.s old b, the end of fiscal 1986. Tne 

1986 budget is approximately 6 bllhon ven. lf t.he budget for salan es, 

sorne fac1l1t1es and equ1pment are 1ncluded, the total budget reaches to 

about 10 b.Lll1on yen. About 400 government employees are d1rectly connec ted 

w1th the nat1onal program. 

The Large-Scale Earthquake Counter¡peasures Act(LSECA) was put ir. force 

Jn Deu-mber, 1978. Th1s act allowed adequatE: countermeasc1rPs te, be aoopted 

by law in ad\ance of an 1mpend1ng earthquake, i,.·nén an "Earthqu;c;ke 1·:2rn1ng 

Sta tement" was 1ssued D) tne I'r 1rrie �'.::.n1ster. 

m1t1gat.1ng d1sastérs was 1ncreased and a ne\.. phasé U! earthquat<.e pi ed1ct1or. 

'., PPI1. 

Under the LSECA, the Toka1 region was des1gnatec as an area 1,·here a 
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''Lart�-Scale Eart,1quake" could poss1oly o::cur and i..here "Intens1flec' 

Measures Aga1nst Earthqu ake D1saste rs" i..•ere to be taJ<en . A long-terrr, 

pred1ct1on has, in fact, already been 1ssued. 

Presently, pr1mar y efforts are be1ng placed on the short-term 

predi ct1on of the expected "Large-Scale Earthquake(M=8 or greater)" in the 

Toka:.. reg1on. anc on research 1nto pred1ctíng M=7 class earthquakes 1nland. 

3.TI-!E STATE OF TI-IE ART

\..'1th the recent development of earthquake pred1ct1on technology and 

social needs, the state of the art of pred1ct1ng earthquakes 1n Japan has 

reached a 1 evel \,here there 1s a consensus that an 1mpend1ng large-scale 

earthquake(M=5 or greater) along the Suruga trough rn the Toka1 reg1on can 

be pred1cted b1 the present modern, dense met"ork of 1nstruments d1stributed 

1n the Toka1 reg1on , although no quant1tat:ve formulae, methods, or 

techn1ques for pred1ct1ng earthquakes have been establ1shed yet. These 

techniques are st1ll rn the developmental stage. The obser\at1on in the 

Tuka1 reg1on 1s c,ne of the best li1 the i..orld, 1nclud1ng teleT'let:q networks 

.i,1d data processing fac1l1t1es. The ma1n data from the stat1ons are 

telemetered to Japan :,..Jeteorolog1cal Agency(JMA) rn Tokyo through telephone 

lrnes. The results a,e mon1tored by spec1al staffs at JMA. 

However, even li1 the Toka1 reg1on, the dens1 ty of the stat1ons is not 

suff1c1ent enou gh te detect the precursory phenomena of magn1tude 7 

carthquakes. "hose energv is �bout 1/30 that of magn1tude 8 earthquakes. 

L J Obscrvat1on and R.é·search Ite'!ls 

Precursory phenc,,,ena to ar, e,nthquakes were found in many geo-suence 

f 1 eld s: geodesy, se1 smol ogy, geo-elec trornag net1sm, and geo-chem1str y .  

Ri·r Pntly, even unusual behav1or or the responses oí an1mals or plants befare 

r'.;r•Lquakes have been reported. From features of an eartnquake 1tself, 
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�=., f:ve�. re:en1:_ c1sco\'er1es of geo-

ene JapanesE prc,gram. Due to this, 0bser\atiol'.s and research O!'. gec·-

year seg�ent\1974-197SJ_ 

The pn·sen t it:ems cf researc h a:1d c>!:·servat ior. releva nt to the 

prec1ct1or. are as follo" s, accord1ng te u,e classif1cat10' in tne f1ftt. 5-

\ car pro�r2..c' :9S.é.-19SS) p,oposed b\ tne Geoaes:, Counc1l. 

(l) 8bs9r\'at1on and research 1tems rele,ant to lor,g-term pred1ction.

Long-term predict1ons are based on our understandi ng of long-term changes of 

the crustal a:::tl\'lt) comb1ned "ith reg1onal characterist1cs of earthquahes 

occurrence; they are used as the basis for accurate snort-term predict1on. 

l\at1on-\o. ide observat1on anc re"'earch, and regional works ir. specifiéd areas 

,irc s1mul tar>eously carried out to eluc1date the rcg10,·a} nature "·itr- aims of 

d,,velop1ng :-._ne at.11:;_t\ fer quanti tat1ve estimat1on of long-terr. crustal 

act1,it\ and further accuracv o! locat1on an� magnitucc cf earthquahes. 

1. Cl':·ser·;atJOfl anc reserch 1 tuns throughout Japan.

1-1 Geodetic suney(Fig.l and 2).

:-2 Scismic 0Dservat1on(Fig.3 and 4). 

2. ObservatJon and research iterns in specified arcas. 

2-1 .4ccuratEc and frequent geodet1c survey.

Seismic observation and others by moblle part.1es. 

2-S SP1sm.1c observat1on and others at the sea bed.

(2) CJ,,s-=r\'atJun anc. research iteméc relevant to snort-term pred1ct1on.

l';ir ,;Lort-tc:-rr predict10:-1 is very imp�rt2.nt frorr the v1t�\,.:point of the 

JiT re t1c21 '1.::'tJ Dt::tect1on cf tne precursory pric-:norrieno;-, te, an earthc___.ake and 
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Fig. 1 ,, nat1onw1de seisrnic net�ork of 

Fig. 2 " i"at1onw1.de n 

d 
e tworK oÍ the , 

or er tr1angulat11on. 
tirst-

Jl1A. 
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short-tenr. pn,cºi ctlor.. It. had teen madt: ciea, t:-iat tne pattern in ,,h:ccr. thE: 

precursory phe�omenon appear is quite co�plicated. Therefore, a S)nthetic. 

tcchnology 1s stressed. based on a variety of observation items. 

l. Continuous observation of tne crustal defor:r;at.1on(Flg.5).

1-1 Borehole-type voluIJ1e stralnIJleters.

1-2 Til'.:meters aTJd strainmeters.

1-� Various observations of the crustal act1,1t, alon�

11 obser,at1on l1nes." 

2. Survey of gravity change.

3. Se1sm1c observat1on(F1gs.3 and 4).

4. Gec-electromagnet1c obser,at1on(F1g.7).

4-1 Geomagnet1c observation.

4-2 Observat1ons of earth res1st1v1t:, change and others.

S. Cbservat1ons of ground�ater and gas(F1g.8).

ó. lr1strumental de,·elopment for thE: prec1e t1cr, ir, the cap1t2.l area 

(J¡ Research 1tems far eluc1dat1on of the focal process. To at Un¡i a 

pred1ct1on cf h1gh accurracy, fundamental researci1 to eluc1aate the focal 

proces5 includ 1 ng the precursor} phenomena 1s important and must be G.1rr::. ed 

out ¿}ong v.1Ü, the long-tenn and short-term pred1ct1on "'ºr""· 

l. Re�.earcn to eluc1date the mechanism oí the precursory pnenoIJlena.

l-1 EYp2r1mé'nts on rock failure.

1-2 C0�.nos1tE· ,,xper1ments and c.Lscrvat1ons 1n thE: test f1e}c.

? . Fundar.,entaJ resea,ch to UTJCTerstdnc'. the ¡:;n,cursor} phenor:icm,: 

2-] ln-situ stress measuremer,�s-

2-2 [>a�1nat1ofl of underground s:ructure.

· J 4ú ·



s 

...... 
. .  

1 
.( 

. ·. /
Í 

v
r

s�:ia��l�-'n-<,r.i_. 0\'(_-;ien: -i'"' 

- L. = �.: .. � 

.... use::-va:.1or 

"''\ 
\ \ 

/ 
1 

. 7
( 

·r
( 
1 
1 

14 1 

.:. 

,,./ 
./ 

. ,,--._.-.-------> 
... 

.·

�iae-gauge stations. 

i, 
. u 

¡ 

! 
----�' 

fer ¡rour:::::-..t-:.:t: "'" ­
',U';t- ,...-�·2.t::..01,. 



:,.� Trecursory Pnenorr,eri3 te· ar1 Eartnu:1dkE 

\.,h1ch occurred 1n and around Japan in :lié per1od 187::' through 1955 navé bee 

P,ilr�1ned. The total nuFber of precursory pnenorPena reached 529 ir thé'Se 11 

ve2rs. T1,·o-huncred anc se\ en cases out of ther. were obt21ned 1n the 

Yéé!"S SlllCe 197ó. Tna: 1s, 1n:..ens1f1ec se::.srrnc obsen 2tion through th 

c-a:::-T"hquaLe pred1ction program in J2pan has. been obt21n1ng tne desJ..re

reé'ults. 

The collected precursory 

phpr,cmena have been classified 

and are shown rn Table 1. The 

rr.aJori t}' of the phenorPena are 

fo resh ocks, being 57':0 out of 

th e t ot a l  5::'9 c ases. The 

precursor times of foreshoc�s 

from the c:.immencement of  thE: 

precursor to the main bhock are 

Tati1e l Se::.s:nC'logical p::ec�rS'JY-S te an 
eartnouake 1n the rer10G 187: thro0g� 1985 
}�:n¿ of nrecurs0r� r���ter cf nrec�rsors 
Foreshoch.s 
Anomalus seismic act1v1t) 
Pattern cnange of se1sP1c act1,1t) 
D value change 
Se1sm1c gar anc qu:escence 
Microearthquale acc1,1ty 
V val ue c�ange 
Veloc1t, change of se1sm1c .aves 
Vtsu's cr1ter1on for foreshocks 
Change of se1sm1c .ave form 
Ground r ur;ibl1ng 
Attenuat10r cnange of se1sm1c �aves 
Ct1an2� of foca� n1ecnnn1s�� 
Total 

301 
72 
35 
27 
:4 
16 
14 
13 
11 
8 
5 
2 

indepc;1oer,t of the ma¡:n1tudeU') of trié mau. shoer:. Abou� 40: of ther. ar 

day, 70';;, are "'ithrn 10 days, and 90;;; are ,.,1 thrn 30 cays. Th 

erPp1r1cal probabil1ty funct 1on and obsened results for foreshocks arE- gi \e 

Logar1thms of thE: precursor times of ano malous seism1c act1\'1t 

in crease 1, 1 tl1 the M of tne ma in shock, correspond 1ng to R1k i take' s f 1 rs 

k1 nd precursor as 111 ustrated rn F1g. 10. Precursor times of anomalousl 

srr.all V values, which show the success1�e features of earthquake occurrence 

c1rc 1ndep1c nóent frorn tt1e !-:: of thé rr.dln snock ar,d 90: of tnem are 1,·1 ttnn 11 

PrE::::u;-sor t1rr1cs of tl1':- vther phenomE:nc1 do not seerr, to s�w� clea 

dependence cm the M o: th12 rr,a1n shock and aré d1stn buted in a wide rang1 

l¡c•, ,, n e_r, ÍJ a;id Se\eral thousanG days. 

;;'"lr,-s':-1s:nolog1cal, pre:::ursory phenomena to an ea:rthqu2kEo are rep orte1 

-� 142 -



Fig. o 

FOR::SHO):S 
1000 

>. 
o 

"D 

o.. 
f-

100 

o�

1 
e 

. 1 

. O I 
i 

:? 
o 

e 

C:,' Ú:_ 
e 

e 

e 

3 4 

e e 

o e 
e 

o e 

: e e 

5 �·1 
6 

�º f 
FORESHOCK 

5
0 

t 
IO 

0
1 

t 
o -�--

5 

• 

10 2C 

doy 

7 8 

• 
• 

30 40 

AbovE: F':t::.:ursc,r :L1,t:(1r," -.•s �3fr;J.t:uoe(� of the- ::na:i.n ,..-nriock. 
Belo� Emn1�1c31 formula oí prooao1!1tv tuPc�1on Pe anG obs�rvea 
re�u:tslblacY c:rclcs) P: is tne prooaD1l1tJ of mainsnoc� 
oc:c1.!:ren:::.f w::.thin Tp oav� afte� th-2 commence..'T!ent of. foresnocks. 
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total 1 '.,o..., 

1nteris1f1ed 

u, tne f1é} e.e= of ;•eodeu e sur\'e}, 

c..ontinuous me-1�urcr;1e:::nt� of crust al mcJ\ ement.., ge:o-E.lt:c.trvr::.t:,netisrr., and gec,-
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log TP=0.660(±.018)M-1.096(±.116) 
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Fig. 10 Logarithir of precursor times(Tp) vs. mazilltuae(M) of the mainsnock. 

precursor time and the M of the mainshock for various precursors which were 

collected from many countries of the world. He found two groups of 

precursor times; one cluster around the straight line of the empirical 

relationship logT=0.60M-1.01 and the other cluster around logT=-l. The 

former is magnitude dependent and called first kind of precursors and the 

latter is independent of magnitude and called the second kind precursors. 

The former is useful for long-term prediction and the latter for short-term 

prediction. 

3.3 Svnthetic Diagnosis for the Prediction 

Prediction of earthquakes should specify the time. magnitude, and 

location aath the probabilities, based on precursors to an eartnquake. 

4 

E- 3 

c:3) 
o 

2 
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Thert are mor e than teG 

OÍ p r e c"rsc,ry 

phenomena, including seis-

mological , geodeti c, geo-

elec t r o m agne t ic, geo-

ch emic a l, a n d  so f o r th. 

However, for short-terrr. 

predictions frow several 

min utes t o  se,e r al davs 

pr_1or to the occurrence of 

the earthquake, there so far 

seem to be no determin1stic 

prec ur sors t o  the 

earthquake. Precursors do 

not seew to al way s appear, 

Table 2 �on-se ism oiogica l, precursor} 
phenomena to an earthquake in the penod 1923 
through 1985(Earthquake Disaster Counter­
measures Sect1on of Shizuok a Prefectural 
Ofhce, 1985) 
k1nd of obser\ations 
Geodenc Survey 

Continuous 
measurements 
of c rustal 
r.o, ei7Jent
Geo-electro­
r.agnetisrr, 

Geo-cnem1stry 

Total 

Number of precursors 
rhombus base l1ne 1 
levelling 13 
tnangulation 
tide gauge 

penoulum tiltmeter 
water-tube tiltmeter 
stra1nmeter 
volume stra1n�eter 
geo-magnet1sm 
earth cu rrent 
res1.st1v1t}, 

9 

l 

15 
10 
16 
14 

5 
10 

Yamazakl-t)pe 30 
otners 9 

radio waves 7 
Radon 14 
ground�ater level etc. 8 

163 

but the probability of tneir occurrence is related to character1 st1cs of the 

earthq uake and the region. ,Uso, there are no1 ses apparentl� similar to 

real precursors, which come Írom differt sources. 

':'h,:refore, man;> observat1ons from d1fferent disciplines and overall 

synthetic _:¡udgement concerning the occurrence of earthquakes based on those 

variet1es oÍ observat1ons are a real1stic and practical approach to the 

prediction. Unfortunately, tnere is not really an established method for 

such an overall, comr,rehensive Judgement yet, but one is being developed. 

r1c\ious investigators e.g. Rikitake(l969,1976a,b), Utsu(l977,1979,1982), 

Ab(1981), Anderson(1982), Hamada(l983) have alread1 proposed se,eral 

tecnn1ques to accompl1sh th1s end. 

Har;;ada(l983) proposed a probabi11ty model for earthquake pred1ction , 

where formulae for total probabil1ty of earthquake occurrence based on sorne 

¡•rr·r ursory candidates t:o ar, earthquake are der1ved under the assumpt1on of a 

•' r, �imple probab1l1t} model. Apphed resul ts to the 1976 Near Izu-Oshima 

- 145-



earthquake(M7.0) are 1ntroduced here. 

The Izu area has been se1srn1call\· act1ve s1nce the 1974 lzu-Hantc C 

earthquake(M6.9) wh1ch occurred near the southern end of the I

penrnsula(F1g . 11). An earthquake swarrn has been observed 10 the centr 

part of the pen1nsula s1nce October, 1975. Unusual upl1ft in the easte 

part of tne pen1nsula has also been observed. The Coord1nat1ng Conun1tt 

for Earthquake Pred1ct1on 1ssued a stat.ernent 1n "lay, 1976 concern1ng t 

unusual upl1ft and se1srn 1c act1v1t1es 1n the Izu area and emphas1z 

1r,tensif1cat1on of all k1nds of observat1on from the ,·ie .. po1n t 

earthquake pred1ct1on. Surveys and observat1ons for pred1ct1on 

rntensified thereafter. The 1978 l\ear Izu-Osh1rna earthquake(M7. O) occurr 

beneath the sea near Izu-Osh1rna Island at 12: 24 Japan Standard Tl.ffie 

January 14, 1978. Modern 1nstruments detected more than 10 precurso 

cand1dates to that event, such as an unusual upl1ft, foreshocks and chang 

i11 stra1n, groundwater level. radon concentration and geo-electromagnet 

anornal1es. 

ano 

To apply the probab illt) ' l mooe ....... , 

three g roups, A, B, C, of 

111tlt•¡F:nd ent precursor y cand1dates were 

1ncluded. 

1. The area under cons1derat1on

1s the Izu pen1nsula and 1ts 

vic1n1ty.

2. Earthquakes mean those w1th a

ma gn1tude greater than 6!.

3. Tne pro bab1l 1 ty of successful

pred1ct1on for each sing le

precursory itew 1s obta1ned

v.1hen the bas1c probab1l1ty of

�arthquake occurrence was once

the follow1ng assurnpt1ons were mad 

3!" ¡ 

/ ::;- IZL PEh <__) 1 

1 
/ -'--�"- J I/IZt:-DS'll"lh IS I 

n-í J· ��\ e I 

I 

j Faul• ,; ,¡ 1917, \,ault of �he 1978 / 
� ...... � ¡e "" I ' • ' 

lzu-r.ant.o Oki 1 '1ear lZL�s�.ima I Earthquai...e I e2,--:houa}<e 

34•1 _J_ 

Fig.12 :..o::alJ.t) of t.;'.e Izu peninsu 
and 1ts vic1.ni ty \.. l tl: tne eartnaua 
faulcs cf the 1972 �ear Izu-Oshi1 
earthquax:e M=7.0(Sru=ia::ak1, 1978) a 
the 197:. lzu-Hanto Ok1 earthqual 
M=6.7(�atsuda and Yaraashina, 1974). 
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per lOü ye8rs and 30 1ears. 

L... (A) l'.nusual uplift was conflrmed in h.ugust, 1975. Tne probability 

that an earthquake would occur within S y ears thereafter was 1/3. 

If it did not occur in that period, the uplift would be regarded as 

noise. 

S. (B) Unusual changes were observed in strain, radon emanation, level

of ground\,ater, etc. The probability of earthquake occurrence 

within one mc,nth thereafter i-cs 1/10. If ::here was no earthquake in

that period, these unusual changes would be classified as noise. 

6. (C) Unusuall� seismic, foreshock-lik e activities \,'ere 

recognized around 10:00 in the morning of January 14, 1978. The 

probabiht} of earthquake occurrence in the 3 days thereafter was 

1/35. If there was no earthquake in that period, those would not be 

foreshock activities. 

The prob a b i lities o f  

earthquake occurrence for each 

single prec,nsor were taken 

from a paper by Utsu(l979). 

Figure 12 s hows t h e  total 

probabilities ca l culated under th e 

above assumptions. A,B,C indicate the 

times of confirmation for the unusual 

precursory pbenomena �escribed above. 

There are two cases in the figure 

wherc the bas1c pr0bab1lities of 

earthquake occurrence are dif�erenL. 

Tak i ng into account t he wider area 

1 nrl uding Odawara, :::zu-Oshirna, the 

',0ut h'cm end oí the Izu p!.ernnsula, the 
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F1g l� Appl1ca:i1or o! tne 
prooabil1ty model to tn!': =ase of the 
1978 Near Izu-0sn1ma earthouake��the 
total probab1l1t) •1th tl.rnEc elapsed. 
Nurne�a ls sho� tne probab1:1ty 
ampl1f2ed by the appEcarance of 
precursory canCioates �,E, and C. 



A.lthough tJ.1e �:-olit.11-J:l1tie2: of -'::arLhq.Jake occurrence aooptE:C ¿t 

1n:;_t1al phase rn case � and 2 c1fier frorr: e2id, other bv threeiolc, 

ma:,c1"1urr, total probalnht1tcs pt:r day of 0.31!. for case 1 and 0.31S for case 

are .1lJT10st the same . .!.r:e.se prot,aDil1ties are clcse to that of 0.9ó ir. e� 

for 3 d avs calculatec: � [tsu(l979). 

Coróequentl\ , '.:'le tc•tal probab1l1 t: of tht earthquake oc cu rren:::t 

ca.:ct1l2tEC to be 0.9.: :or •.:he three days ir_yeC:i._ately after the ot:'serY.J.t:: 

of :Jie foreshock-lih..e ac�1,.ities nesr the lzu-Üshl:Ti2 isla,..1d on the r,or:-t : 

o+ .;arJUar:, 14; the rrarn shoct took place at 1::>::L. OD Januar} li., 1c;,5_ 

lt �as clearl} sno\..TI that, when <;1any precursor: canc:1d::ites 2ppear pr: 

to the ma:;_n event, the total est1mdt1on result1n� fro:;; these prt:cursc 

c¿:-Hi I dates is a p0Y.erful tool for overall d1agnostic Judgement cor1cer-"1: 

rhc rar��qüake occurrence. Ho\.."e\er, the r ate of successful pred1ct1::m 

qu1t� small \..hen each precursory cand1date 1s used alone. 

3.!, !l,,re�t1on Capab1l1t\ of the Precurscr

Tr.c. r:'OSl 1mportarit 1nforrrat1on 1n pred1ct1:.g earthqua\...es is 

<1tJ!,,•r\¿t.::.c•nal data, pan:1cularl), tnat on t.he precursor; cand1dates ,,·h: 

mav l,,: the real precursors to an earthqcake. Ther efore, 1P:tns1fi 

obsE:'rvauor, of natural phenomena relevant to earthquake pred1ction , ce

mosc l'J,¡,crcant tool. The author systemat1cally examined th'é' c:íect 

1nte11s1::c·d se1s�1: ob.servation in Japan »'h1ch is one of thc rr, 

c0mponents of the nat1onal prograrr, for pred1ct1on. 

F1¡:!UrE, 13 s:-10ws tÍlc' nuü,er of se1smc,log1cal, precursor: phé:norr1t0 TJ2 pL'r 

yccir, rq,::irted rn the ; , -,e:::. Tnese are 2lso g1 ver; 1n Table l. Tner � 1'.:' 

\' e r) e : '...:>ar t rene: o� 1 ne :- e 2 s 0 1 n t he: n un o e r o f pre,:. u r CJ s r- !:- , 2 ne 

pC1rt1cularlJ drastic 1ncrcase after !976. 

,_ :f�·_.re:- l� shov.s det( :.t1c1n capabil1 :y of seisr:-iological, prE:::i..l:rsc 

P 1

1( --:-(;::� to d:1sastrous (--arthquckes \.',h1cf1 are defiried as o;s1es \.,,:n1ch cau!: 
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da,n2�,e 1r. Ja,_,clr, and :,f v,h1ch rnagnitude is 7 or gr ea ter. Such earthquaJ...es 

1850 1900 1950 1985 

Fig. 13 \unber- OÍ seismological, orecursory phe'1o:nena per 5 years. 

IOC 

12 

50 

15 
32 

6 

o 

1800 1 850 1900 1950 1985 

f ig. 14 Detection caoab1.liq of seismolog1.cal, precursory phenomena 
to disastrous earthquakes. 

were selected frorn the list of disastrous earthquakes L� the publication of 

"198ó Rika Nen-pyo"(Chronological Table of Science). There is a very 

obvious trend of increase in the detection capability as we can see in the 

Recently, most of the disastrous earthquakes were preceded by at 

Lf·Gst one precursory phenomenon. However, it must be noticed that almost 

a11 precursory pnenor.1ena were recognized and reported after the main shock. 

Tlwrefore, Fig. lL. demonstrar es the great poss1b1l1ty of predicting 

earthquake s, hm,e\er, tnis rn1ght be possible onl) when predicting 

d1sastrous earthquaJ...es with a magnitud e of 7 or greater. Figures 13 and 14 

--:11r,;;es1 the importance of &nali t1cal methods in f inding out the precursor 

p1 , •F to the occurrence of the main shock. 
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4.1 �ew �e thodology and Technology of the Prediction 

Utsu(l977) has alread) proposed two kinds o f  probab 1l1t i es 

connecti on ,,,.1 th earthquake pred::.ction. One is that a pred1c::1on w1L 

sc1ccc·ssful and the other 1s that an earthquake ,,,·111 be pred1cted. 

forr1er is a ratio of the n umb er of successful pred1ct1ons to the 

nurr;ber oí predict1ons issue¿. The latter 1s a ratio of the number 

earthc;uakes "h1ch "'ere s:..,ccessfully pred1cted to the total nu!'loe: 

e&rtLc;uakes iJ1 space-t1me dona1n under cons1deration. 

Pred1ct1 o n  research should be expanded 1nto a ne" area " 

probab1l1 t1es of the successful pred1ct1on and the pred1cted earthqL 

"111 be E::>.am1ned b) a stringent exper1ment in wh 1ch the pred1ction "'lll 

made, pr i or to the ma1n shock, based on a preset procedure cf 

process1ng. Onl) b} do1ng such an str1ngent exper1ment can the use ful 

oí each prec1.:rson phenomenon and usef1.:lness of algor1thrn or procedure 

1dent1fy the pre cursor be e:..arraned in the str1ctest sense. Research w 

or prh-ursor} ph en omena after th e occurrence of the even t are s 

.r:,porLant and necessary; however, such research al one "111 not 

sufficient. Th1s krnd oí pred1ct1on experiment requ1res a consider 

amount cf work on data processing and that work must be systema 

Consequentl). techn olog1cal developmen ts 1n data process1ng, sud: 

automat1c determinat�on of hy�ocenter of the shock, automatic el1m1nat10 

!1Ulses or automat1c calculat 1 on of mon 1 t or1ng parame ters 

increas1ngly stressed. 

4.2 Analyzing Systerr for Precursors of Earthquakes 

w1ll 

A pred1ct1on-or1ented computer syste m, named tnE: Analyzing S} sterr. 

Pr,_·,:ursors oí Earthc;uakes(APE), 1s no"· under development at the hat1< 

l:c",Ecarch Center for Disaster ?red.1ct1onU;ECDP). Figure 15 i!lustrates 
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target of the APE at the final stagE: of thE: developmer1 t. T111s systerr is 

oriented to establish a basic technique contributing to practical earthquake 

prediction by providing online rnonitoring of crustal activities, autornatic 

detection of  anornomalous phenornena, and diagnosis of an earthquake 

occurrence. 

Srnce 1978, the �;RCDP has expended its efforts to construct a dense 

observational network of e rus tal acti vi ties covering the Kan to and Tokai 

area, central Japan. As of 1986, about 70 stations have been distribute d m 

these areas; the obser,a�ional iterns include rnicroearthquakes, crustal tilt 

OBSSRV ATIOK NETl-.'ORK TELE.'-lETRY SYSTE.'1

·tw�� ª�­
-:_¡_¡_¡ 

F1g. 15 Illustrat1on of the target of the APE 
at the hnal stage of the development. 

• ¡ 

l 38
º

E 139
º

E � l 4D
º

E 

Fig. lé Locat.1.on oí ooservat.ion stations of the NRCDP. 
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and stra1n. ¡:r0undv1ater. and ac c,ust1c PrrJ_ccs1 on. 

d1s tr1but1on of the l;anto and Toka1 observanonal netv1ork of the m:::DP. 

these data are consr.antly be1ng transm1tted through telephone l1:1es te 

NRCDP 1n Tsukuba Science City. The APE 1s dir ctly conn ected to 

observat1onal netv1ork. 

The APE has three fundamental funct1ons, each of v1h1ch is períormed 

a po .. erful cornputer. The f1rst 1s data acqu1sit1on. The second is 

process1ng on the rout1ne bas1s, and construct1on of a data base. 

third, \..hich is tne essent1al ele.n1ent of th1s system, is realtime aut.ooé 

morntor1ng of crustal act1v1t1es. On the bas1s of the da ta procesé 

monitor1ng 1s performed for var1ous observat1onal 1tems of se1sm1c1ty, tJ 

stra1n, radon em1ss1on, etc., the anomalous changes of v1hich are possJ 

related to an earthquake occurrence. It 1s thought that the mon1tor1ng 

mult iple 1tems by computers makes it possible to pr ov1de ODJeCt 

1nformat1on about earthquake pred1ct1on, and to evaluate the rel1ab1l1t} 

the pred1ct1on. Figure 17 11lust:rates schemat1c d1agrarr, of the APE.

1

1

1 "°z� i;L,1 loe�L:�'1,m,¡ 
. ¡._______...-¡ l Doto Acqu1s1 l1on 

::1 '� 
• 

· z '----- 2 Mon11oring al ÜDservat,on : 

1
1 0 Stotes : 

: § . 1 

i : r:!.::c¡ M:N�l��I SG 

W 
'. /¡lij]�J;( 1 Autornot,c Dala Process1ng : 
: ¡· .. J(i/ 1 1 
: L._._/ . ¡ 

: J 2 Man,toring al Cruslal 

1_j 111 ¿ �,fe-, Act1v1ty 
i,\,t1 1�1-l.'.fL'.

l'- _J 

3 Dele-ct,an ol Precursor5 

�,.rl31� 
ANALYSISI 

'------�--__J 

l Dolo Process:ng 

2 Conslruct1on al 
Dato Base 

3 Anolys1s al 
Precursors 

Fig. 17 Sc:iematic di agra!!' of che APE. 
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Th(· ;,:¡S;. c;e,: .. �·.,:am1cs ?r'.:Jgrarr 1,as or1g1nallv structt.:red to support che 

Ear:..hquakr:- '.,ézarc' 11(duct1un Acr oí 1977 rn the Un1ted Stares(NASA, 1983). 

This act called for federal-agency collab orat1on in research act1v1t1 es in 

creer to further c�e und 0 rst3nd1ng of tne processes r espons1ble for caus1ng 

e2..:rthquc��--es. T:.Ec ,_1 t:c;r.a'.:e goal of th1s act ,,,;as the pred1ct1ng earthquakes 

,J•1d t:-1 erefore: C?.]le"<:a'.:1ng trié da:1ger assoc1ated .1th th1s pheno.-,enon. The 

fcllo,;1r>g are t1-:e -,3.::.n tecrrnc·log, a¡_ipl1cable te· accurate r:ieasure;nents or 

crustal me,\ e�c,r,c :;_,: eartriquakE: p -ediction. 

\'LBI De -,elr,:,�u-1 t 111th ::.he C'.e\elopmem: 11· the lat e 1960's of extreoely 

precise cloc,:s s:.icJ-, as ths hyaroge:-. rr,aser, \·ery-long-baseliné or 1:1c'.épe:1<1ent 

clock interferomecry becarne poss1ole. In VLBI, inco,1nng stellar rac1c, 

s1gnals are recei, ed simul taneously b1 antennas that can be separated b:, 

ver1 great d::.stances. The s:gnals are recorded at both receiving stat1ons 

and then cross-co:::-relate::l at a later timé at a central anal\'SlS fa::1lity. 

T"ifure 18 1llus�:::-ates astronom:..c radio ::.nterferometq tecrm:gues. F1gure 19 

sho.·s the rec er1'.: ,�cn:e\ er;ients in VLBI measurements. Tne s�Zcin·.:;ar-d de\ iat1on 

of dlfferences fr,•,¡; a rnf-'an is o:1ly 3 crr for a d1stance of aDo:ct Li,()00 km. 

Ldser RaJ1r1r.r A laser rang1ng station(Fig.2C cons1sts of a laser, 

transm1tting te]es:ope and recei\'ing telescope set up on e1ther a permanent 

or tcr,pcrar} s1te at a locat1on. The laser is aime-d to.ards a satell1 té 

equ::.pr,ec; w1tJ-, opt1cal cube corners, "'h1ch then reflects back the inc1denr 

laser pulse r-, u-,e lcser recei\er located at the stat1on. Th1s pr�cess is 

(c,;trolled b:, the stat1on computer .·l11ch autornati•cally start!c and stops thé 

l as'::r fin ng an::l IJ'.Jlse ccunter. The la ser fir1ng is repeatec at a rate of 

Oll' pulse evé,\' fe1, '.-''CC'nos. The pulse durat1on depends or· tne laser des1
.
gn 

and may van- frc·'7 a ::::u1, n2n0St':onds te. a fe. hur.drec í 1 cos,<::r:::l. The 

d1stance fro� laser statiop to s?tell1te is calculat�d usJ�; neasured one-
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present navigation systems. The s ystem 1,•ill include 18 satellites. 

Se\ eral concepts have been proposed f or making use of the GPS s1gnals to 

.-._.�c11rP Crustal ITJQ\'ement. 'la:::- uncerta1nt1es still exist, al though the 

prcspects see::- gooc tha: all of the GP:: r .  ethoos berng de\ eloped "iE achieve 

at ::.east 3 cfll accur ac, fo, '.:.'1e three base::.1n e components a. a h1gt1 

con�idence level. 

l.,,L, Deep-Iiown-Hole :íeasurements of Crustal Act1vity 

As pa,t of ths na t 1onal p rog ,arr. of ea,thq uake predic tion, techniques

for deep-do1,n-hole measurements of crustal act1vitv were designed and 

completed by the \ational Research Center for Disaster Pre,ention(NRCDP) in 

order to overcome artificial noises at the surface of the cap1 tal Rrea in 

Japéin (e. g. Hamada et al., 1979). Due to land development ir urbar a reas, 

sens1 tí ve and accurate measur:::c,ents of crustal activit), .. ;-;1ch are very 

important in the ¡::,redict1on of E:-arthc;uakes, are becom1 n; 1mpo.c:sible :o 

obt a1 n b} the use oí the convent1onal 1nstruments at i::ne 
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f([:yoshi1r1a iJecf f!ration 

Of all the dfferse natural phenomena of our planet Earth. HJlcanoes have a particular: 

sigmficant impact on the daily lives of their human neighbours. 

\\'hile responsible for a number of d1sasters in world h1story, and seriously affectir 

everyday l1fe and mdustry in many volcamc reg1ons, volcanoes are one of the dramat 

geophysical forces that shape our ennronment In addition. they provide valuable benefo 

m the form of resources and energy. 

The 5-day Kagoshima lnternational Conference on Volcanoes \Yas held m July. 19�S. wn 

the general theme "Tü\\·ards Better Coex1stence between Human Beings and Volcanoes 

The Conf eren ce \vas sponsored by Kagoshima Prefecture, J a pan, the site of se\·en actl\ 

volcanoes mcludrng the famous Sakura_1ima Volcano. 

Part1cipants from all m·er the world exchanged knowledge and expenence m a n:r 

wide range of \'Olcano-related f1elds. 

The followmg conclusions emerged as a result of the Conf eren ce 

l. The cuntmuecl den:l0pr,1t:'nt and 1mprovement oí volcarnc rescarch and mornt,mn

s.ysterns for erupt10n forecastmg. d1saster mitJgat10n etc are of \"Jt,11 importance 1

nations w1th active volcanoes. 

Beca use \'olcanic act1\·1t1es w1dely and vanously influence our daily ]¡fe. the furthc 

prumot1on of mterd1sciplrnary and internat10nal cooperation in volcamc research 1s e 

the h1g-hest priority. 

2. To rnamtam the saf ety and health of peo ple living m \·olc;:mic regwns and to reduc

nsks to our dail:, lift and rndustrial act1\·1t1es. we will endeanJr tu apply the results e

research and 111lll1itormg of \·o]Grn1c act1v1t1es and related de\·e],Jpmenb m other field

tu admirnstrati\ e rnea�ures de'"'igned to rmtigate d1sasters.

:'.\Jutual understandmg and cooµeratiun betv;een peoplcs of the world will be enhance

thruugh incrcae,,l,d a\·ailability of more: accur3te knowleclge ancl mformation conccrrnn

nJlcanoes.

3. A number of valuabk stud1es are currently berng carried out towards the fulle

uulization of \·(Jlcanic n:sourcé:s and energ1es.

Important benefit:e t() daily life will result from increased apphcat1on of the late::c

technülugy. com bim:d With practica] de\·eluµments, in CCJnperation v:1th the academ1c

admirnqrau'-·e and pnv,c1te sector:-:



4. In order to stimulate the development of volcanic regions by promoting tourism anc 

other industries drawing on their natural resources, and the establishment of communitie 

appropriately oriented to the specific features of volcanic regions, \ve will intensif 

efforts to promulgate the exchange of practical experiences and research results betw eei 

volcanic regions all over the world. 

5 To achieve the above-mentioned ohjectives, the establishment of one or more internationa 

and comprehensive volcanic information, research and training centers is urgentl\ 

required. \Ve stronglv recommend that vigorous and immediate action be taken tc 

implement such a plan by the nations and organizations concerned 

The Kagoshima International Conference on Volcanoes was the world's first meeting 

In focus extensive and comprehensive attention on the problems of coexisting with volcanoes. 

with participants attending from 30 nations throughout the world. \Ve believe that this 

Conference was especially symbolic and meaningful in being field just before the 

"International Decade for Natural Disaster Reduction" established by the United Nations 

and aimed at reducmg the effects of natural disasters 

\Ve smcerely hope that this conference will deepen peoples' interest in volcanoes, and 

produce a Wide range of fruitful results, thereby contributing greatly to progress and 

development in all of the volcanic regions of the world. 

July 23, 19 

Kagoshima International 

Conference on Volcanoes 
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