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A national program of earthquake prediction was launched in 1965 with
financial support from the government in Japan. Scaience and technelogy
related to the prediction have been rapidly progressing since tnen. The

tate of the art has reached a leivel where there is a consensus that an

s
1-pendaing large-scale earthguake in the Tokai region car be predictec bv tne
went nodern, dense networh of anstruments coverairg thne Tckair  regadn,

Lltacugh no quartitatave formulae or methods for the prediction have rbeen
¢=tablished vet. Tnese are st:1l an the cevelcrmental stage.

Ine most amportant anformztion in the predaction of earthguakez 1¢ the
ohservotional dota, partacularly, that on the precursory candidates, whicnh
may be the real precursors to an earthquake. For further develcpment, new
methedalogy ané technology are required, whach would anclude 2 stringent
experaiment involi-nc @ preciction prior to the main shocv arc epri:catscr of

space-born tech .l v or deep-down-nole measurement techrnigues.

Thogitaing Reseor-d 0,

Nataonal kesearcn (enter for Dasaster Freventiorn, Jnpa



2. INTPODUCTION

Tne presert efforts of earthquake prediction in Japan started 1in 1961,

wnen the pablication "Earthquake Prediction----FProgress to Date  and

-

or Future Development"(Tsuboir et al., 1961) was 1ssued by an

-

Flans
earthquake prediction research group consisting of Japanese seismologists.
This plannyng drew much attention throughout the world, especially Zrom the
United Stares. As a result, the farst Japan-United States (lonference on
research related to earthquake prediction was held in 1964. Tnis conference
continues to be held every four or five vears. Recently, the UJNR(U.S.-
Japan Cooperative Program in Natural Resources) Panel on  Earthquake
Prediction Technology was established and the first joint meeting of the
Panel was held in 1979. Following joint meetings have been held
approximately every two vears wlth 1ncreasing cooperative works.

A national program of earhquake prediction was launched in 1965 waith
financial support from the government. The fund:ng and planning of the
prograr have been 1in five-year increments (the first segment was an
exceptional four years). The program is now an the middle of the fifth 5-
vear segment and thus will be 22 vears old by the end of fiscal 1986. Tne
1986 budget 1s approximately 6 billion ven. 1f the budget for sazlaries,
some facilities and equipment are 1included, the total budget reachez to
about 10 billion yen. About 400 government employees are directly connected
with the nataonal program.

The Large-Scale Earthquaﬁe Countermeasures Act(LSECA) was put ar force
in December, 1978. This act allowed adequate countermeasures tc be aaopted
by iaw 1n advance of an impendang earthquake, wnen an "Earthguake Warnang
Statement'" was 1ssued by tne Frime Minister. Wwith tnis, the chances of
mitigating Gisasters was i1ncreased and a new phase 1n earthquake prediction
Leen,

Under the LSECA, the Tokai region was designatec as an arez where a



"Large-Scale Eartneuake' could possioly occur anc where "Intensif:ed
Measures Against Earthquake Disasters" were to be taken. A long-term
prediction has, in fact, already been issued.

Presently, praimary efforts are being placed on the short-term
prediction of the expected "Large-Scale Earthquake(M=8 or greater)" in the

Toka: region. and on research into predicting M=7 class earthquakes inland.
3.THE STATE OF THE ART

With the recent development of earthquake prediction technology and
social needs, the state of the art of predicting earthquakes in Japan has
reached a level where there 1s a consensus that an 1impending large-scale
earthquake(M=6 or greater) along the Suruga trough in the Toka:i region can
be predicted by the present modern, dense metwork of instruments distributed
in the Tokai region, although no quantitative formulae, metheds, or
techniques for predictaing earthquakes have been established ver. These
techniques are still 1n the developmental stage. The observation 1in the
Tokay regaion 1s one of the best in the world, including telemetry networks
and data processing facilities. The main data from the stations are
telemetered to Japan Meteorological Agency(JMA) in Tokyo through telephone
lines. The results are monitored by special staffs at JMA.

However, even in the Tokai region, the density of the stations 1s not
sufficient enough tc detect the precursory phenomena of magnitude 7

carthquakes. whose energv 1s about 1/30 that of magnitude 8 earthquakes.

J.] Observataon and Kesearch Items
Precursory phenciena to an earthquakes were found 1n many geo-science
fieclds: geodesy. seismology, gec—electromagnetism, and geo-chemistry.

Rerently, even unusual behavior or the responses of animals or plants before

ca hiquakes have been reported. From features of an eartnquake 1itself,
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cearcr o7 pre-ursory phanomena were 1 herte st essed oun cenbea,
5915mr»log\ ans gc@-electr@;,agnetlsr, Hovever, recent C1scoveries  of geo-
chemical, precursory phencmena in the Soviet Union and Chane have influenced
the Japanese program. Due to thas, obseriations and research on gec-

cremical pheromenz have been incorporated an the prograv since the thar 5-

The present 1tems cf research and observation relevant to the
precdactior. are as follows, according tc tne classaficatio- an thne faftn  5S-
vcar program’ 1954-1988) proposed by the Gezoaesy Councal.

(1) Observation and research items relevant to lorg-term predicrion.
Long-term predictions are bassed on our understanding of long-term changes of
the crustal activit)y combined wath regional characterastics of earthguahes
occurrence; theyv are used as the basis for accurate snort-term precdiction.
Nation-wide omservation and re<earch, and regional works in specified areas
are simultareously carried out to elucadate the regicral nature with aims of
developang tne ability for quantitative estimat:on of long-terr crustal

actavaty enc further accuracy of location anC magrituce ¢of esrthquahes.

1. Observation anc¢ reserch 1tems throughout Japan.
i-1 Geodetic survev(Fag.l and 2).
-2 Seismic ovservation(Fig.3 and 4).

2. Observataon and research aitems in specafied areas.

2-1 Accurate and frequent geodetic survey.
N

Z-2 Seismic observation an¢ others by mobile parties.

2-3 Seasmic observation and others at the sea bed.

W

Fundamental e>amination.

Z-1 Examination of active faults and foldaings.
3-2 Sexsmologrcal examination of hastorical aocuments.
(2) OUrservation anc research items relevant tec snort-term prediction.
Py ohort-tern prediction 1s very aimportant f{rom the viewpoint of the

vse.  Detection of the precursory phenomenc: te an earthocuake and
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1ts crange vith time 18 substantially nportant in tne mekKing 0l g oTurote

r—
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short-term precdicricr. t had been made clear tnat the patterr in which the

bl

precursory phenomenon appear 1s quite complicated. Therefore, a synthetac
technology 1s stressed. based on a variery of observation items.
1. Contanuous observation of tne crustal deformation{Fig.5).

-

pot

Borehole-tvpe volume strainreters.
1-2 Taltmeters and strainmeters.
1-2 Continuous observation of tidal cdifference(F1z.5}.
1-4 Various observarions of the crustal actavaty aliong
"observation lines."
2. Survey of gravity change.
3. Seasmic observation{Figs.3 and 4).
4. Gec—electromagnetic observation(Fig.7).
4-1 Geomagnetic observation.
4-2 QObservations of earth resistivity change and others.
5. Cbservations of groundwater and gas(Fig.8).
6. Iustrumental development for the predicticn in the capitel aree
and other Lrban communlties.
(3) Research items for elucadation of the focal process. To attain a
prediction c¢f high accurracy, fundamental research to eluciaate the focal
process 1including the precursory phenomens 1s important and must be carried
out along with the long-term and short-term prediction WOIKS.
1. Researcn to elucidate the mechanism of the precursory pnenomena.
1-1 Experiments on rock failure.
1-2 Corposite experiments and cbscrvations in the test fielc.
2. Fundomental rescarch to unaerstand the precursory phenomena.
Z-1 In-situ streds measurements.
2-7 Lxaemination of underground structure.

7.3 (hservation and research oOn SELSMIC—wave el
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Frecursory phenc-enz based on tne seismic obserivation of

1
T

artnguake
vhich occurred in and arcund Japan in tne period 1872 through 1985 nave bee
examined. The total nurber of precursory pnenomena reached 529 ir these 11
VEETS. Two-huncred and seven cases out of ther were obtained in  the 1}
vears since 1976, Tnat 1s, antensifiec seismic observetion through th

earrhquake prediction program 1n Japan has. been obtzining tne desur

1)

results.
Tavle 1 Sexsmclogical precursors tc an
The coliected precursory eartnouake 1n the perioc 1877 threouph 1G85
kind of vrecurscre humber of precursors
phencmena have been classified Foreshochs 301
Anomzlus seismic activit) 72
and are shown in Table 1. The Pattern cnange of seismic actaivit) 35
b value change 27
majority of the phenomena are Seismic gaf anc guiescence <4
Microearthquake actavity 16
foreshocks, being 57% out of ?_Vahw cnange 14
Velocaty change of seismic waves i
Te v 5 3 A1
the total 579 cases. The L'Lsu s criterion for foreshocks 11
Change of seismic wave form 8
precursor times of foreshocks Ground rumbling 3
Attenuatior change of seismic waves 2
Change of focal mecnanisms ]
from the commencement of the 2 . = =
Total 52@
precursor to the mzin snock are
indepenaent of the magnitude(M) of the mair shock. About 40% of «ther ar
withan 1 day, 707 are within 10 days, and 907 are within 30 cavs. Th

erpirical probability function and observed results for foreshochs are give
in Fig. 9.

Logarathms of the precursor times of anomalous seismic activit
increase with the M of tne main shock, corresponding to Rikitake's fars
hind precursor as 1llustrated in rag. 10. Precursor times Of anomalousl
small ¥ values, which show the successive features of earthquake occurrence

arc 1independent from the M of the mein shock arnd 90% of tnem are within 1l
davs. Precursor taimes of tne other phenomena do not seem to show clea
dependence on the M of the main shock and are distributed in a wide rang
Yetwoern (0 andé several thousanc days.

Non-ccrsmological, precursory phenomensg to an earthquake are reportet
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ANOMALOUS SEISMIC ACTIVITIES

log Tp=0.660(+.018)M-1.096(%.116)
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Fig. 10 Logarithr of precursor tames{Tp) vs. magn:tvae(M) of the mainsnock.

precursor time and the M of the mainshock for various precursors which were
collected from many countries oi the world. He found two groups of
precursor tames; one cluster around the straight line of tnhe empirical
relationship 1logT=0.60M-1.01 and the other cluster around logT=-1. The
former 1s magnitude dependent and called farst kind of precursors and the
latter 1s 1independent of magnitude and called the second kind precursors.
The former 1s useful for long-term prediction and the latter for short-term

predictaorn. d
3.3 Synthetic Diagnosis for the Prediction

Precdiction of earthquakes should specify the tame. magnitude, and

location with the probabalities, based on precursors to an earthguake.
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There are more than ten

Table 2 MNon-seismological, precursory
phenomena to an earthquake in the period 1923
through 1985(Earthquake Dasaster Counter-
measures Section of Shizuoka Prefectural
Office, 1985)

kinds of precurscry

phenomena, 1including seis-—

mological, geodetic, geo- kind of cbservations Number of precursors
) Geodetic Survey rnombus base line 1
electromagnetic, gee-— levelling 13
traangulataon 1
chemical, and so forth. tide gauge 9
eravity 1
However, for short-term Contanuous pendulum tiltmeter 15
measurements water—tube tiltmeter 10
predictions from several of crustal strainmeter 16
rioyement volume strainmeter 14
minutes to several days Geo-electro- gec—-magnetlsm 5
ragnetism earth current 10

prior tc the occurrence of resistavaity,
Yamazakx-type 30
the earthquake, there so far others 9
radio waves 7
seem to be no deterministic Geo-chemistry Radon i4
groundwater level etc. 8
PIECUrSOTrS to the Total 163

earthquake. Precursors do

not seer to always appear,

but the probabilaty of their occurrence s related to characterastics of the
earthquake and the region. Also, there are noises apparently similar to
real precursors, which come from differt sources.

Therefore, many observatiaons from different discaiplines and overall
svnthetic judgement concerning the occurrence of earthquakes based on those
varieties of observations are a realistic and practical approach to the
predaction. Unfortunately, there is not really an established method for
such an overall, comprehensive judgement vet, but one 1s being developed.
Frevious investigators e.g. Rikitake(1969,1976a,b), Utsu(1977,1979,1982),
Ak1(1981), Anderson(1982), Hamada(1983) have already proposed several
techniques to accomplish this enc.

Hamada(1983) proposed & probability model for earthquake prediction,
where formulae for total probability of earthquake occurrence based on scme
precursory candidates to an earthquake are derived under the assumption of a

vi1v simple probabilit; model. Applaed results to the 1976 Near Izu-Oshima
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earthquake(M7.0) are introduced here.

The Izu area has been seismicallv active since the 1974 Izu-Hantce C
earthquake(M6.9) whaich occurred near the southern end of the 1
penansula(Fig. 11). An earthquake swarm has been observed i1n the centr
part of the peninsula since October, 1975. Unusual uplaft in the easte
part of tne peninsula has also been observed. The Coordinating Committ
tor Earthquake Prediction issued a statement in May, 1976 concerning t
unusual uplaft and seismic actavaities in the Izu area and emphasiz
intensification of all kinds of observation from the +viewpoaint
earthquake prediction. Surveys and observations for prediction we
intensified thereafter. The 1978 Near Izu-Oshima earthquake(M7.0) occurr
beneath the sea near Izu-Oshima Island at 12:24 Japan Standard Tame
January 14, 1978. Modern ainstruments detected more than 10 precurso
candadates to that event, such as an unusual uplift, foreshocks and chang
in strain, groundwater 1level. radon concentration and geo-electromagnet
anomalaies.

Te apply the probability model, the following assumptions were mad

ana three groups, A,B,C, of 26N
mdeprendent precursory candidates were %
V/v’?‘\
included. N
/‘_,g'l
X
1. The ares under consideration DAARA ~— &Q{
o4 \Lf !
' {
1s the Izu peninsula and 1ts T | (saGag BaY ? !/
35° L
. ! < IZL PEMN <t
vicinity. < 5\ g/zzc—osam 1<
/S & <
A o
2. Earthquakes mean those with a r 1\\( o~ \/5‘ |
1 | Faul of the 1974F2ult of cne 1978
magnitude greater than 63. | Tro-naneo Ora ’Mea—i Iz -Os7ama
| Earthquake ‘ea._hcuwe
3. Tne probabialaty of successful i
34° ' i
prediction for each single 1287 i2et et
Fig.ii! Tlocality of the Izu peninsu

precursory item 1s obtained and 1ts vicinity with the earthaua

faults c¢f the 1978 Near Izu-Oshui

when the basic probability of earthquake M=7.0(Snimazaki, 1978) a
the 1974 Izu-Hanto Oki earthqual
warthquake occurrence was once M=6.7(Matsuda and Yamzshina, 1974).
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per 100 vears and 30 years.

(A) Unusual uplaft was confirmed 1in August, 1975. The probability
that an earthquake would occur within 35 vears thereafter was 1/2.
If 1t did not occur in that period, the uplift would be regarded as
noise.

(B) Unusual changes were observed in strain, radon emanation, level
of groundwater, etc. The probability of earthquake occurrence
within one month thereafter was 1/10. If there was no earthquake 1in
that period, these unusual changes would be classified as noise.

(C) Unusually haigh seismic, foreshock-like activities were
recognized around 10:00 in the morning of January 14, 1978. The
probability of earthquake occurrence in the 3 days thereafter was
1/35. 1f there was no earthquake in that period, those would not be

foreshock actavitaes.

’-

"7 THE 1978 NEAR IZU-0SHIMA l
The probabilities of EARTHOUAKE M7 O ,
C 314 j] O 38 !
earthquake eccurrence fer each i L i ;
! |
, . !
- i .
single  precursor were taken ! F '
: | i |
from a paper by Utsu{1979). N | i
g | '"""'_:.r‘ O 0198
bt 0 012z foamee—d &
E o !
[ O
2 7l i
{ D jodon |
Figure 12 shows the tetal w Dec b o76
<
b
o
probabilaities calculated under the £
g o’ : ﬁ:
above assumptions. A,B,C indicate the s
> TSR B | T
[= 0 I z2sexi0%
times of confirmation for the unusual 2 L e g
by ] e
, é x | ‘ 183:(!0 [ 17 1
precursory phenomena described abeve. § o T e s TP A
AUG 1978 core? AUG 198
are twe cases 1in the figure ’ 2 7410
i A cosel
the basic probabilaties of o* 55 ,
7
TIME ELAPSED
earthquake occurrence are difierent. - N R
Fag 12 Applicazizor of tne

probability model to the cese of the

Taking into account the wider area 1978 Near Izu-Usnima earthaouzke———the

total propbability with time elapsed.

including Odawara, Izu-0Oshima, the Numerals show the probabilaty

amplifred by the =zppearance of

southem end of the Izu peninsula, the precursory cancicates 4,E, and C.
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h the prevuharlities of =arihguake occurrence aaopiec &t 1
initial phase in case I and 2 cifier from each other bv threefclc,
maximum total probabilities per day of 0.314 for case 1 and 0.31& for case
Trese protabilities are clese to that of 0.86 in  c:

1 for 3 davs calculated o Utsu(1979).

(8]

Consequently, tne total probabality of the earthquake occurrence
caiculated to be 0.S% Zor the three davs irmrecdiately after the cbservat:

:—like activities near the izu-Oshime 1siand on the rora:

o
rh
[gdl
ety
[e]
~
(0
2]
=T
[}
S
-

of January l4; the mzin shock took place at 12:24 on January 14, 1678,

It .as clearly snown that, when many precursor) candidates appear pr:
to the main event, the total estimation resulting from these precurse
cendidates 1s a powerful tool for overall diagnostic judgement concera:

the rarthquake occurrence. However, the rate of successful prediction

quite smell when each precursory candidate :s used alone.

(8}
I~

Devection Capabalaty of the Precurscr

Trne rost important information ain predicting earthquahkes 1s t
observataonal data, parvicularly, tnat on the precursory candigates whe
may be the real precursors to an earthguake. Therefore, irzensafs
observation of natural phenomena relevant to earthquake prediction :s

most impcrtant tool. The author systematically examinecd the effect

intensafzed gcersmi1z observation ain Japan which 1s one of the he

o

¢omponents of the national program for prediction.

Figure 13 shows the nunber of seismclogical, precursory phenomena pel

vear: reported in the pret. Tnese are elso given an Table 1. Tnerc is
very clear trend of incrvasc in the number of precurusre, znc
particunlarly drastic increase after 197e.

“ieure 14 shows derecztaon capability of seismological, precurse

plvo« tenz to disastrous earthquakes whach are defired as ones wnich caus



demzge in Japan and of which magnitude 1s 7 or greater. Such earthquakes
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Fig. 13 Mumber of seismological, precursory phenomena per 5 vears.
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Fig. 14 Detection capability of seasmological, precursory phenomena
to disastrous earthquakes.

were selected from the list of disastrous earthquakes in the publication of
1986 Rika Nen-pyo"(Chronological Table of Science). There 1s a very
obvious trend of increase in the detection capability as we can see in the

ol

figure. Recently, most of the disastrous earthquakes were preceded by at
ileast one precursory phenomenon. However, 1t must be noticed that almost
all precursory pnenomena were recognized and reported after the main shock.
therefore, Fig. 14 demonstrates the great possibility of predicting
earthquakes, however, this might be possible only when predicting
disastrous earthquakes with s magnitude of 7 or greater. Fagures 13 and 14

supsest the 1mportance of analaitical methods 1n fanding out the precursor

psor to the occurrence of the main shock.
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4. FUTVRE DEVELOPMENT

4.1 MNew Methodology and Technology of the Prediction

Utsu(1977) has already proposed two kinds of probabilitaies
connection with earthquake pred:iction. One 1s that a prediction wil:
successful and the other 1s that an earthquake will be predicted.
former 1s a ratic of the number of successful predictiens to the
number of predictiens 1issuec. The latter 1s a ratio of the number
earthquakes which were successfully predicted to the total numpe:
ezrthquakes 1n space-time domain under consideration.

Prediction research should be expanded 1nto a new area
probabilities of the successful prediction and the predicted earthqu
w111 be examined by a stringent experiment in which the prediction will
made, prior to the main shock, based on a preset procedure of
processing. Only by doing such an stringent experiment can the useful
of each precurseri pnenomenon and usefulness of algorithm or procedure
ident1fy the precursor be examined in the strictest sense. Research w

er precursory phenomena after the occurrence of the event are

n

.mpertant and necessary; however, such research alone wi1ll not
sufficaent. This kind of prediction experiment requires a consider
amount c¢f work on data processing and that work must be systema
Consequently . technological developments in data processing, suckh
automatic determinat:on of hypocenter of the shock, automatic elamainatio
noises eor automatic calculation of monitering parameters will

increasingly stressed.

4.2 Analvzaing Syster for Precursors of Earthquakes
A predaction-oriented computer svstem., named tne Analyzing System
Pricursors of Earthquakes{APE), 21s now under development at the hataic

Kewcarch Center for Disaster Frediction(NECDP). Fagure 15 :1ilustrates



target of the APE at the final stage of the development. This syster 1s
oriented to establash a basic technique contributing to practical earthquake
prediction by providing online monitoring of crustal activities, automatic
detection of anomomalous phenomena, and diagnosis of an  earthquake
occurrence.

Since 1978, the NRCDP has expended its efforts to construct a dense
observational network of crustal activities covering the Kanto and Tokaa
area, central Japan. As of 1986, about 70 stations have been distributed in

these areas; the observational items include microearthquakes, crustal tailt

OBSERVATION NETWORK TELEMETRY SYSTEM
o F \) ey )
et J ¢ [— ]

Fig. 15 Illustration of the target of the APE
at the final stage of the development.

4
138°E 139°E ¢ 140°E

Fag. 1€ Location of observation stations of the NRCDP.
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and strain., groundwater, and accustic ericssien. Figure 10 shrws stat
distributien of the Kanto and Toka: observarional network of the NRIDP.
these data are constantly being transmitted through telephone lanes tc
NRCDP 1n Tsukuba Science City. The APE 1s dirctly connected to t
observational network.

The APE has three fundamental functions, each of which 1s performed
a powerful computer. The farst is data acquxsition. The second 1z1s ¢
processing on the reutine basils, and construction of a data base.
thard, which 1s tne essential element of this svstem, 1s realtime auton:
menitoring of crustal activitaies. On the basis of the data process
menitorang 1s performed for various observational items of seismicaty, t3
strain, radon emlssion, etc., the anomalous changes of which are pess:
related to an earthquake occurrence. It 1s thought that the menitoring
multiple 1tems by computers makes it possible to provide otject
information abeut earthquake prediction, and to evaluate the reliability

the prediction. Figure 17 1llustrates schematic diagram of the APE.

L R R B R
1

¢ [— T Do Tl T ——

& D | [=1 o J R Rl =3 ’0-',.}'

S ':L/_]: loesemvaTion] P Lr—’ Immusxil ;

L3 : | T .

= . ~—1 1 Data acquisition I :
St e CE :

é : 2 Mg(;tg;mg of Opservation |, =)} |1 Data Processing

— ) H ' S a7 N

S0 "

= L e : |

0

28] . :

@ - i ; 2 Construction of *

3 e A Data Bose

b I:Tm;;ﬂ?:—} + 2 for o

= — MON! TORING | N (=

8 ! oo eyl 3 Analysis af

1

o

|

=

<

=

T .
T e v Precursors
. ’; j\!! A4 Automatic Data Processing * = J
L aedntd . Dt e T T
1)
C :
: | _ 2 Monioring of Crustal B
A b opam, (mbg  ACHVILY :
bl =5 (8] ;
S :

3 Deiection ol Precursors

B

Fip. 17 Scnematic diagram of the APE.

*

-152-



WiSs Genosvoamics Pro

Pl

T

rar was originally structured te support cthe
Earchquake hzzeard reductaon Adct of 1977 in the United States(NASA, 1983).
This act called for federal-agency collaboration 1in research activities 1n
orcer tc further t-e understanding ef the precesses responsible fer causing

al ef this act was the predacting earthquakes

Q

and therefore =2llev:ating the danger asseciated with this phenorenon. The
fellowirg are the -ain technelogy applicable tc accurate mezsurements of

crustal movement for eartpguake rrediactaon.

VLBI Devel~rz—ent Wwith the cevelopment ir the late 1960's of extremely

precise clocks such as the hyaregen maser, very-long-baseline or indepencent
cleck ainterferometry became possible. In VLBI, aincoming stellar racic
signals are recerved simultaneously by antennas that can be separated by
very great distances. The s:gnals are recerded at both recerving stations

then cress-correlated at a later time at & central znalvsis faczilaty.

and

Tieure 18 1llustrates astronomic radio :nterferometry techniques. Figure 19

s}

shows the recent ach:zevements in VLBI measurements. Tne stancard devaiatio
of differences from a mean 1s only 3 cm for a distance of avout 4,000 km.

Laser Kaneing A laser ranging station(Fig.2{ consists of a laser,

transmitting telescepe and receiving telescope set up on either a permanent
er terporarl site at a locataen. The laser 1s aimed towards a satellate
equ:pped with optical cube corners, which then reflects back the 1incident
laser pulse t- the leser recelver located at the station. This process as
centrelled by the station computer which autematically starts and stops the
laser fairang and nulse ccunter. The laser faring 1s repeatec at & rate of

onr pulse everv few woconas.  The pulse duratien depends er tne lzser design

r

and may varv froz nancseconds to a few hundrec jicesszond. The

[o})
-

g
b

drstance from laser statior to setellate 1s calculat-d using neasured ene-
way  time interval aznd the  velocaty of laght. Figure 21 shows recent

aoaaevements oy satellite laser rangangfSLEG.
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Systemn{GFS, 12 L...g

Clobal Fositaronang Sveten Tne Gloval Fos

establisned by the Deparzment of Delense in order to consclidate and improve
present navigation systems. The svstem w11l 1nclude 18 satellates.
Several concepts have been proposed for making use of the GPS signals to

crustal movement. Marmy uncertainties still exist, although the

Teacsur

gy

prespecis seer good that all of the GPS nethoos being developed will achieve
at ieast 3 cm accuracy for ine three bazseline components at & high

canfidence level.

4.4 Deep-Down-hHole lieasurements of Crustal Activity

As part of the national program of earthquake prediction, technigues
for deep~down-hole measurements of crustal activity were designed and
completed by the “\ational Research Center for Disaster Prevention(NRCDP) in
order to overcome artificial noises at the surface of the capital area in
Japan(e.g. Hamade et al., 1%76). Due to land development ir urbar areas,

sensitive and accurate measurements ol crustal activity, which are very

important 1n the prediction of earthquakes, are becoming 1mpcossible  to

obtain by the use of the conventional ainstruments at tne surface.
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Otservatory Iwatsuk: Shimonsa ruchu
Coae SHM FCH
Location 3597 36"N 329297027
140°01'2€"E 120028 25"E
-2 -270r
a1.¢6°C 82.0°C
A tnres-ceomporents ser of
Serzivinity 1.7V Tem sec” .SV, (e "sec 1TV lem Tsec)
Freguency . .05z 1.0%z 2.0z
Da~oang C.62 C.62 C.cC
O.2rzll ranges u 1lr,cn/sec < _70c,c~/sec T -16m, 27/ sec
ard 1 AR TRLS TP T_7SH~ /3 _7SE
recardanle {3-23Hz) (1-25Hz) {1-25Hz)
A tnree-components set of accelerometers
Sensztivity 16.1V/CG 1€.1V/G 1.17V/G
Frecuency 505z S04z 1004z
Overall ranges 5--30gz1 5m-30gal 0.1-850z21
recordable {-30Ez) (0-30Hz) (0-30Kz)
4 Two-components set of Tilinefers
Sensztivity 100mV. are sec i00mV/arc sec 160m\ ar:z sec
{nersll rarges 2.01-3arc sec ¢ Oi-darc sec 0 Oi-3arc sec
recorczblie
Ther-:-eters
Sensitivity 0.2v’'eC g.2v’eC g.2v/°C
Gverall ra-ges £2-90°C 56-68°C 7€-86°C
rezordatle
T oereitre, welhrigues  fur  deep-down-nole measurements are  increasingls
cssenteadl 1r @nd arcunc ity oareas i many countries. Fagure 22 and Table Z
show o tougn swetch and performance of the tnree deep-borehole opservatories
vhntoeh were conplerec o tre NRCDP.  Scismic ncise level at the bertar  2s
fi.riv stable nd low.  Trne specirel anplitude of backgrounc noise a2t the
beri1 of the hole 1s fro- 1/30 to 1/100 compared with that at the suriace,
s nling of the curface (eonditaon:.
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KAGOSEIVIA DECLARATION

1988 JULY

KAGOSHIMA INTERNATIONAL CONFERENCE
ON VOLCANOES



Keyoshiima Usclaration

Of all the diverse natural phenomena of our planet Earth, volcanoes have a particular’
significant impact on the dailv lives of their human neighbours.

While responsible for a number of disasters in world history, and seriously affectir
evervdav life and industry in many volcanic regions, volcanoes are one of the dramat
geophvsical forces that shape cur environment In addition. they provide valuable benefr
in the form of resources and energv.

The 5-dav Kagoshima International Conference on Volcanoes was held in July, 1988, wit
the general theme “Towards Better Coexistence between Human Beings and Volcanoes
The Conference was sponsored by Kagoshima Prefecture, Japan, the site of seven actn
volcanoes including the famous Sakurajyma Volcano.

Participants from all over the world exchanged knowledge and experience in a ver
wide range of volcano-related fields.

The following conclusions emerged as a result of the Conference

1. The contimued developriient and improvement of volcamic research and meoeniorn
svetems for eruption forecasting, disaster mitigation etc are of vital importance 1
nations with active volcanoes.

Because volcanic actuvities widely and variously influence our daily life, the furthe
promotion of interdisciphinary and international cooperation in volcanic research 1s ¢

the lmghest priority.

To mamntam the safetyv and health of people living 1in volcanic regions and to reduc

(4]

risks to our daily life and industrial activities, we will endeavor to apply the results ¢
research and monitoring of volcanic activities and related developments i other field
1o adminstrative meacures designed to mitigate disasters.

Mutual understanding and cooperation between peoples of the world will be enhance
through mcreased availability of more accurate knowledge and information concernin

volcanoes.

%)

A number of valuable studies are currentlv being carried out towards the fulle
utilization of volcanic resources and energies.

Important benefite to daily hife will result from increased application of the lates
technology. combined with practical developments, in cooperation with the academic

adminictrative and private sectors



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 communiue
appropriately oriented to the specific features of volcanic regions. we will intensify
efforts to promulgate the exchange of practical experiences and research results betw el

volcanic regions all over the world.

5 To achieve the above-mentioned objectives, the establishment of one or more internationa
and comprehensive volcanic information, research and training centers is urgentl
required. We stronglyv 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 meecting
to focus extensive and comprehensive attention on the problems of coexisting with volcanoes.
with participants attendmg from 30 nations throughout the world. We believe that this
conference was especiallv symbolic and meaningful in bemng held just before the
“International Decade for Natural Disaster Reduction™ established by the United Nations
and ammed at reducing the effects of natural disasters

We sincerely 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.

Kagoshima International

Conference on Volcanoes
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