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M WALUEMODEL FOR EARTHQUAKE PREDICTION. AN
- APPLICATION TO SOME RECENT EARTHQUAKES
- - SEQUENCES IN GREECE

D. PAPANASTASSIOU. J. DRAKOPOULOS, G. DRAKATOS, J.
LATOUSSAKIS, G. STAVRAKAKIS *

ABSTRACT

The "v-value” method, which is defined by (T)*/1?, where 1 is
 interval rupture time between two adjacent earthqunkes in
e and time, has been applied to some recent earthquahe scries
Greece, in order te search some random, clustcered or
iriodical changes in seismicity.

The analysis revealed; that before 1the occurrence of strong
‘thquakes in the investigated areas, relatively low ‘v values
been obtained.

The v-values are supposed to reflect the state of the crustal
ss and may be used for monitoring the seismicity changes.

LYNO¥H

. H péBodog "v-value™, aol opilectar and Tov TUNO (T)t/1° Gunoeu 1

o cvdidpeocog yvpovag Siappning petaZi SU0 VEITOVIKWY 016 yopo

:Olélxpévo Oclﬂudv.ﬁFQGpuéotan g€ HEPIKEC NPSOPATES OC1OMI WL
udi€g 7ol EAdnvikou xdpou ,pe oOkond va avalntndouy Tuyaicc.

EPVEC" I meprodiniéc aARhavég 0Tn OciOpIKOTNTA.

H avaluon anoxdluye otir npiv and +tTnv exkdniwon Ty peydlww

napatnpidnkav xaunAég Tipég oth v-value.
Tipég  tng v-value., aviinpogwnetiouv Tnv KA1AOTAON  TWY
EXKTOVI KOV TAOEWV prag NEpIoYNC KAl w¢ EX TOUTOU £ival xpRioilpo va
MO IHONO LOUVTIAL  yia 1oV EAEVYO arAlavev OTn CE1OMIKOTNTU OTHY UND

ETaon MEptoxn,

ETEATQrH - INTRODUCTION

Changes in the pattern of seismic activity, such as
eshocks or temporary changes in b value prior te the occurrence
large earthquahkes, is very important for earthquake prediction
udies. The identification, however, of foreshocks and théir
‘glation to the magnitude and to the occurrence time of Lhe main
shock is very difficult and the discriminatiom cannot always be
mde until the main shock occurs. Some prediclion algorithms using
number of earthquakes occurring in a certain time window and

=

anavaoctaciov, 1.Apaxdnoviog, TI.Apaxatog. I.Aatouvodxng, xar

[.Ctavpaxakne - To poviého 1nc "v-value” via npovvwon oriopov.
Egappovh 10U 0c  HEPIKEC NPOOPATEC OCIOMIKEQ
akoiouBiec tng EAAraSac.
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the distribution of- time intervals of ‘earthquakes have b
proposed | (KEILIS-BOROK, 1878, 1980a,b; ) and tested by SAUBER &
TALWANI (1980) for identifying foreshocks.

MOGI (1967) concluded that the type of earthquake sequenc
depends mainly on Lhe structural state of the earth's crusti, a
wall as on the space distribution of the applied stresses.
earthquake catalogs, three kinds of sequence patterns, namely
successive, periodical, and, random can be found and may reflect
the relation between| the tectonic siresses and stress releases
during earthquakes. Some characleristic _seismic pattern changes,
such ‘as quiescence, fareshochs, swarms, and doughnut patterns may
_be _ regarded as_ precursory phenomena and are associated with the
mode of the strain release in a seismogenic region (KANAMORI,

1981) .
In the view of earthquake prediction, MATSUMURA (1982,1984)
in space

developed a new method for describing seismicity patterns
and time and proposed s new parameter, the "v-value”, which is
closely related to Lthe apparenli interaction beiween Llwo successive
earthquakes. This parametler is derived on the basis of the Weibull
distribution and its values characterize tLhe earthquake sequence
as being periodical (v » 0.5), clustered (v ¢ 0.5) or random (v =
0.5).

In this study, the earthquake sequences tabulated in table |
have been analysed by using the v-value method to exumine whether
the large seismic evenis of the sequences were predictable. The
geografical areas of those earthquake sequences are pre<scenied in
Fig 1 with the same code numbers of table 1.

TO MONTEAAQ THE “v-vulue" - OEQPHTIKIl EZETAEN
THE “v-VALUE" MODEL - THEORETICAL CONSIDERATION.'

In the following analysis, it is assumed that the occurrence
earthquake is treated as a probabilistic phenomenaon. The
reliobility analysis is the determination of
the probalilistic distribution of failure-occurrence time, which
in our case corresponds to the earthquake occurrence. The Weibull
distribution function, which is widely applied to quality conlrol
research, has been used by HAGIWARA (1975) to cstimale tLhe
probability of earthquake occurrence on the basis of crustal
strain data in South Kanto Distriet in Japan. Based on this model,
MATSUMURA (1982, 1984) defined the v-parameter to make an unbiased

possible time-dependent changes in seismicity
is made here,

of an
crucial problem in

assessment of
patterns. A briefly description of the v-value model
following HAGIWARA (1974) and MATSUMURA (1984).

The conditional probability, that the rupture (i.e.
earihquake) will occur in a time interval between t and At is
defined by A{t)At, where A{(t) is the hazard rate and is given by

A{t) = 2AstP ! with A:s0, p>1 (1)

The reliability function is
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TARLE 1

H-SEC [ COORDINATES MAG AREA
0211 4 39.20°N" 29900°E | | 6.0 | MAGNESSIA
ITEE24 198171 20:51 | 38 Ta'N 23.00°E 6.3 | ALKYONIDES
-!;gg{ii 19811} 12 :107)39)20°N | 25730°E | 6.3 | C. AEGEAN SEA
; iﬁ@‘l?;lﬂﬁa 12: 47| 37%97°N  20.25°F 6.2 | TONIAN SEA
Llan 18 1962 | 19:27 | 39.80°N 24.50-8] 6.4 | N. AEGEAN sEA
6 1983 | 15:43 | 40.08°N 24.81°E| 6.6
ad e T i L2 =%

s Py e )0 )] F) 7.0

Beas s 1 SDSLD0N

Xapine pe 11¢ BEOLIC Twy OL10MIROV OC1pOV,

Ly 1.
Map wilh the examined eartgquake sequences.

Fig 1.
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i
R{t) [= exn(~ J A U)LY = expl-Aite/p] (2)
0

and the corresponding density function is

(Y ="""drR{t)/dt = a.t*-Yaxpl-Ritr/pl {3)

The mean time interval ' between t=0 and an instant at which the
eérthqpake occurs is obhtained as :

Elt]== J'lf(l)dl = (A/p)-1/p T{141/p)
0

"

(p/A:)}1/p T(141/p) {a)

and Ef{t] = (p/A.)2/p(T(1¢1/p)}])? (5)
where I is a gamma function.
The mean-square time is given by

E[t2] = I t'f(t)dt = 1/{A:/p)2/p.C(142/p) =

0
= (p/h1)2/p . T(142/p) (6)

Dividing eqs.{5) and (6) we obtain,

E*{t]/Elt*] {p/2a)2/p (T(142/p))" 7 (p/as)2/p T(2/p)))

{r{te1/prl® /r{1e2/p)
= (T)* / 7* = v (7}

where © is the time, interval measured between the occurrence of
iwo successive earthgquakes, T is the mean of 1, and t* is Lhe mean
of ',

The paramelers A: and p of the Weibull distribution (eq.1)
express the seismic activity and seismic pattern, respeclively.
From eq.{7) it is evident that the v-value is a function only of
p, i.e. of the seismic pattern.

AEAOMENA NOY XPHEIMONOJHOHUKAN KA1 TPONOL YNOAOTILMOY THE “wv- value”
DATA_USED AND CALCULATION METHOD OF v  VALUE

The earthquake parameters which are wused in 1this stludy
(origin time, epicenter coordinates, local magnitude) arec ithose
listed into the monthly bulletins of the Seismological Insititule
of the National Observatory of Athens. The lower threshald [ov the
magnitude is 3.0, -

For every seismic sequence the v-values have been computed on
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lﬁ,nulhar af successive earhquakes consisting a
This group is successively moved by a window of
e’ ‘end of the sequence. The result wos plolted al
of the last event within the window. The vertical arraws
2 _the , occurrence time of , the large examined events (ML >
§ corresponding local magnitudes.
uld be emphasized that in the present analysis only the
t; rn of the sequences has been investigated, Other factors
‘source properties have been ignored.

i CETEMIKH AKOAOYBIA LTH MAIPNHLTA, 9 TOYAIOY 1980.
u_s;nxuguagz SEQUENCE OF MAGNESSIA REGION, JULY 9,1980.

1 July 9, 1980, an earthquake with magnitude ML=6.0 occurred
Magnessia region in centrafi Greece. The main shock was
by two large aftershockhs with magnitudes 5.6 and 5.0, on
and July 10 respectively. Totally, about three hundreds
pcks with magnitude 23.0 recorded in the area till the end

W calculated the v-value for a time period of three ycars,
it is from the Leginning of 1978 till the end of 1980, but only
ew decades of earthquakes occurred before the main shock.

- The v-values were determined for this time period, for groups
and 10 shocks which are moved by a window of 10 and 5 shock:
tively. Fig 2u and 2b show the obtained results.

though the numhber of earthquakes before July 1980 was not
~we can notice lhat the v-value for this time decreases und
ied a value lower than 0.1, After the occurence of the
ficant seismic events of this sequence the v-value fluctuntes
range 0.5 and 0.3 showing clustered occcurence.

3

CMIKI AKOAOYOIA TTIE AAKYONIAEL, 24 ®EBPOYAPIOY 1981.
z, THE ALKYONIDES FARTHQUAKE SEQUENCE, FEBRUARY 24, 1981.

This earthquake sequence occurred at a Jdistance of 70EKm from
city of Athens. The first Lwo large evenls caused o lot of
ges in Lthe major area of central Greece. The large cvents
rred on February 24 and 25, and on March 4 and 5, with
itudes ML 6.3, 5.9, 5.8 and 5.6 respectively, RAER  eventsy
¢h occurred during the time period from 1975 till the end of
il used in the present analysis.

_ ¥e calculated the v-value with different combinations of
wumber of earthquakes consisting the groups (30, 20, 10) and the
ing windows (10 and 5).{see fig 3a, 3b, 3c). In all these plots
behavior of v-value before the occurrence of the muin shock
the large aftershockhs is remarcable. The v-value drops at
low levels, in some cases is almost 0 and then abrupt
eases is followed. The large shocks occurred during or Jusl
r those v-value increases.
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19756 1870 1981
Lx Ja. Ahdavic tng “v-value™ vyia tny  OCiOBUKN g pd Twy
Adkuovibuv  via opada 10 ociopov METAxX ivauMEv  Kkata 5

gE10MONG .
"Fig 3a. Changes of "v-value” lor the Alkyonides seguencre for
Eroup of 10 successive shochs and moving window of § shochs.
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, AKOAGYOLA TOY KENTPIKO 9 AEKEMBPIOY 1981,
TRAL AEGEAN SEA EARTHQUAKE ggLEuggh_p MBER 191981,

rquence _started on | December 19, 1981, with a strong
with magnitude ML=6.3. Two large aftershocks of
6.0 and 5.4 occurred on December 27 nand 29,
ly.
etermined the v value  for_ the time period from the
o of 1979 till the end of 1982. In this time period more
_four hundred events opccurred in the investigated arca. The
calculated for groups of 10 and 30 earthquakes which are
by 8 window of 5 and 10 events, respectively. In Figures 4a
‘the obtained results are illustrated. It is very clear
@ v-value is rather low (between 0 and ©0.2) some days
y the occurence of the main shock, and the two large
ocks. After the occurrence of the large events the v value
tes in the range 0.4 and 0.6, showing nearly random

4. H EEICMIKI AKOAOYG1A TOY TONIOY, 17 TANOYAPIOY 1983,
HE TONIAN SEA EARTHQUAKE SEQUENCE OF JANUARY 17, 1983.

This sequence is the most complete, as concern the number of
‘thquakes &and the used time period, of 811 the examined cases.
vered a time period from 1973 1ill the end of 1983 ,in which
events are included. The sequence conlains 3 large evaenty
occurred on Junuary 17, 19 and on March 23, 1983 wilh local
tudes 6.2, 5.5, and 5.7, respectively. One large event wilth
mitude MI. = 5.5 on June 28, 1981, is also included in the
mined time period. Because of the great pnumber of evenls and
large Lime interval, the v value is ealculated for groups of
rthquakes with moving window of 20 and 15 shocks and nlso for
ps of 20 earthguakes and moving window of 10 shocks, in order
compare the resulls. { fig Sa, Sb, 5¢). In all these cnses, Lhe
ior of the wv-value is similar 1to the previous examined
uences. Low v values {(between O and 0.2) have bheen estimated
the period of some days before the occurence of the large
phs. After the occurrence of the shochs wnd during the interval
the v-value fluctuates in the  range 0.3 and 0.6 showing
ndom occurrence .

5. 01 EEILMIKEL AKOAOYOIEE TOY HOPEIOY AITATOY, 18 IANOYAPIOY
1982, wai 6 AYIFOYETOY 1983,
[HE__NORTH __AEGEAN SEA EARTHQUA gg SEQUENCES, JANUARY 18, 1982
and AUGUST 6, 1983.

In this case there are 1in the same area two enrlhquake
uences. The first one has two large events those of January
1982 “with magnitudes ML. = 6.4 and 5.2 and Lhe sccond onc the
nt of August 6, 1983 with ML = 676.

The time PBPIOd which is wused ® to calculate the v values
Irts from 1970 till the end of 1983. More than four hundred
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-LCx Sa. Allavéc‘ tne "v-value" wyia Inwv

1982

Jan. feb. mar. apr. may jun.

LCx 4b. AAkavég tng "wv-value" wia TRy gci1opikn ofipd tawn
KEVIPIKOU Aivaiow viao opaba 30 geiropuv pociarivovpcocvn kata 10
ocLououg.

Fig 4b. Changes of "v-value" for the central Aegean sea
sequence for group of 10 successive shochs and moving window
of 10 shocks.

1974 1976 1978 1980 1982

gEVgpIKN ocpa Tou

loviou yia opaBa 5§50 ociopdy PCTAKIVOURCVR KaTa 20 acrapou.

Fig 5a. Changes of v value” for the loniaun sca suquen;u {nr
S ho o

group of 50 successive shocks and moving window of 20
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1983

Jan. mar, may. Jul.

~ 5b. Aﬁlavéc Tng “wvevalue” via TRV 1O KA Oci1Ed Tou
jou via opada 50 ociopdy petakivelpcvn wata 15 ociopoug.

- 5b. Changes of "v-value" for the lonian sea sequence for
p of 50 successive shocks and moving window of 15 shocks.

1982 1983

Ex 5c. Arkavéc <tnc “wv-value” yia TNy OCIOMINA OCIPpA ToOU
loviou via ouada 20 aecioudv peraxivolbpcvn xata 10 aciouoicg.

Fig 5¢c. Changes of “v-value" for the lonian sea sequence for
group of 20 successive shocks and moving window of 10 shochs.
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events are included.
We calculated the v-value for groups of 30 and 20 eurthqual;

and wmoving window of 10 events:( Fig 6a and 6b). Besides this, an
especially for tlhe time period before and during the occurrence of
every saquence groups of 10 shocks with moving window of 5 shocks
are used. ., (Fig 7a_and 7b).
For the second sequence (the decrease of the v value before
the main shock is obvious, but not for the first one. This may be
atiributled to 'the  fact  that few events occurred bhefore this
sequence and wv-value _estimation is  biased. DBetlween the two
sequences we estimated v-values larger than 0.5 showing
periodical occurrence. During these sequences, the v-value shows
the same behaviour with Lhe abrupt changes like the other examined

earthquake sequences.

ATIOYETL KHAI EYMIMEPAEMATA DISCUSSION AND CONCILUSIONS
The v-value, which is related with the time pattern of an

sequence and characterizes the earhquake occurrence as

earthquake
random or periodical, has been examined for wome

being clustered,
recent earthquake sequences in Greece.
The results show that almost all the significant eventn of

the earthquake sequences were preceded by small v-values. The
decrease in v-value started some hours or few days prior to the
earthquake occurrence. These time windows seem useful for o single
precursory phenomenon.

Althought the examined earthquake series spatially occurred
at different seismotectonic enviroment of Greece, and 1Lhe Llime
period which is used for the calculation of v value diffaors
between the series, it is quile promising Lhat Lhe precurkiory
time interval appeared more or less al all the investigated large
seismic events.

It should be emphnsized that the v-valpe secms to depend
sirongly upon the pumber of successive earthguakes which are
included in a certain group and upon the movine window of the
events.

Comparing the figures which correspond Lo groups of 50, 30,
20 and 10 seismic evenls, a remarkable difference may be observed.

The v-value for groups with smaller number of seismic evenls
shows higher fluctuations . It is believed that these values are
due to the insufficient number of events consisting the groups. 11

is suggested, however, that using large number of earthqunkes in
each group, the estimation of the v-value becomes more reliable.
This also was found in another applicalion of the v-value model
in the area of Greece. (PAPANASTASSIOU et al 1987).
Although MATSUMURA (1982 ,1984) and HAMADA (1987) unied
microearthquakes to investigate changes in seismicity pattern by
means of the v-value, the obtained results in the presenl study
show that the wv-value model could be applied for earthguake
sequences with higher lower-limit of magnitudes in high seismicilty

regions.
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1982 1983
6a. Adldlavig Tng "wv-value" via TI1¢ oo ké¢ ocipdg
Bopeiouv Aryaiou yvia opafa 30 oci1opdv PCTAKIVOUPCYT Ka'Ld
aci1opoug.

g 6a. Changes of "v-value" for the north Acgean uun
sequences for group of 10 successive shocks and moving window
Qf 10 shochs.

1

vvalue

]

1983

1982

Lx 6b. ArAavigc ang  “v-value” VIO ,TVC OO Lee aoipe
Tou Bopciouv Alvaiou via opada 20 ociopdv PETAKLYOUMEYN KaLA
10 ocropoluc.

Fig 6b. Chsnges of "v-.value" for the north Acgean Sed
gequences for group of 20 Buccessive shochs and moving window
of 10 shochks.
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Fig 7a. Changes of “v-value" for the north Aegean sea
sequence (January 1982) far group of 10 successive shocks and

moving window of 5 shocks.
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Cx 7h. AAdravég Tng “v-value" via TInv ocigpi ki acipd Tou
Bapciou Aitvaiou (Adyouwotog 1983) via oaopada 10 ociopav
pcTakivolpuecvn kata 5 ocigpoig.
Fig 7b., Changes of "v-value"” for the north Aegean uvi
sequence (August 1983) for group of 10 successive shocks wnd
mevine windaw of & shochs,
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