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Α Β S Τ R Α C Τ 

Ιη the present study an attempt is rnade to identify the 
Times οί Increased Probability (TIPs) of occurrence of a rnoderate 
eart hquake (Mι~5 .5) by prernoni tory i nterrnediate-terrn sei srnic 
activation in lower-magnitude range, as defined in the algorithrn 
Μ8. Α previous study has shown that 10 out of 11 earthquakes with 
ML~5.5 which took place in Greece in the tirne period 1977-1990, 
occurred within TIPs diagnosed retrospectively indicating that 
the algorithrn Μ8 can also be applied for srnaller earthquake in 
regions for which cornplete catalogues are available. 

ΒΥ scanning the territory of Greece and adjacent areas four 
regions are diagnosed as candidate for earthquake οί ML~5.5 since 
they have already entered in TIPs. The results obtained here by 
ηο rneans constitute a definitive earthquake prediction but sirnply 
outline the territories which deserve for rnore detailed and 
cornprehensive analysis. Moni toring of their seisrnicity would 
provide further insight to the ongoing research οη localization 
οί the irnpending earthquakes within TIPs. 

ΕΝΔΙΑΜΕΣΟΥ ΧΡΟΝΟΥ ΠΡΟΓΝΩΣΗ ΣΕΙΣΜΏΝ ΣΤΗΝ ΕΛΛΆΔΑ ΜΕ ΕΦΑΡΜΟΓΗ 

ΤΟΥ ΑΛΓΟΡΙΘΜΟΥ Μ8. 

Λατουσάκης,ι., Σταυρακάκης,Γ.Ν., Δρακό~oυλoς,I. 

Π Ε Ρ Ι Λ Η Ψ Η 

Στην ~αρoύσα εργασία εφαρμόστηκε ο αλγόριθμος Μ8 για τήν 

ενδιαμέσου χρόνου πρόγνωση σεισμών στον Ελληνικό χώρο με τοπικό 

μέγεθος Mι~5.5. Σε ~ρoηγoύμενη μελέτη δείχτηκε ότι ο αλγόριθμος 

ΜΗ έχει εφαρμoγ~ στον Ελληνικό χώρο, προβλέποντας "εκ των 

υστέρων" 10 από 11 σεισμούς της ~εpι6δoυ 1977-1990. Διερευνώντας 

τον χώρο αυτό διαπιστώθηκε ότι 4 περιοχές έχουν ~δη εισέλθει σε 

ΤΙΡ, και παρουσιάζονται αναλυτικα τα αποτελέσματα. 

INTRODUCTION 

Several studies οί pr~cursors to past events suggest that 
seisrnicity patterns can play an irnportant role in earthquake 
prediction programs in the tuture. Α nurnber of authors have 
exarnined seismicity prior to past earthquakes and proposed 
various patterns as precursors. The first cornprehensive review 
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of those studies was made by Kanamori (1981) and McNa11y (1982) 
who out1ined the basic types οί seismicity precursors, such as, 
foreshocks, quiescence, swarms, acce1erated activity, and 
doughnuts. A1though seismic quiescence has received the most 
attention from the seismicity patterns (see review in Habermann, 
1988; Wyss and Habermann, 1988), many reported observations of 
quiescence seem to have prob1ems either due to the statistica1 
inadequacies in the treatment οί the data (Reasenberg and 
Matthews, 1988) or due to magnitude bias in earthquake cata10gues 
(Habermann, 1982). 

Οη the other hand, pattern recognition techniques have been 
deve10ped (Ce1fand et a1., 1976; Gabrie10v et a1., 1986) in order 
to examine whether the time interva1 (t, t+τ) be10ngs to a Time 
οί Increased Probabi1ity (ΤΙΡ) ·of a strong earthquake (τ is 
considered as a numerica1 parameter). For this purpose, two 
a1gorithms for diagnosis οί TIPs have been proposed and app1ied 
to different seismic regions of the wor1d. The first one, the so 
ca11ed CN-a1gorithm was designed for the ana1ysis οί the 
earthquake cata10gues for Ca1ifornia and Nevada. Ιη this case, 
strong earthquakes were defined by the thresho1d Μα = 6.4 (A11en 
et a1., 1987). The second one, the algorithm Μ8, based οη the 
concept of se1f-simi1arity of earthquakes was designed by Kei1is­
Borok and Kossovokov (1984, 1986) using a sma11er set οί 

functions, and a simp1er diagnosis criterion. Moreover, the 
earthquake cata10gues may inc1ude 10wer magnitudes than in 
a1gorithm CN. 

However, both a1gorithms are referred to intermediate-term 
earthquake prediction and have been tested οη independent data. 
The a1gorithm CN has been successfu11y app1ied to severa1 regions 
οί the wor1d (A11en et a1., 1983; Kei1is-Borok et a1., 1988; 
Kei1is-Borok et a1., 1990). The a1gorithm Μ8 has a1so been 
app1ied to 19 different regions οί the wor1d and the resu1ts can 
be summarized as fo11ows: TIPs precede 27 out of 34 strong 
earthquakes and, in different regions, occupy, οη the average, 
about 24% of the time interva1 annua1ized. 

For the area οί Greece, and especia11y a10ng the He11enic 
arc severa1 studies have been made to investigate the seismicity 
patterns, inc1uding seismic gap, drop of seismicity rate, 
inactivity οί the seismogenetic 1ayer, seismic periodicity (Wyss 
and Baer, 1981a,b; Papazachos and Comninakis, 1982; Purcaru and 
Berkchemer, 1982; papadimitriou and Papazachos, 1985; 
Papadopou1os 1986, 1988). However, Ambraseys (1981) pointed out, 
at that, that the 1imited data οη spatia1 and tempora1 variations 
in seismicity in the He11enic arc do not seem to justify specific 
predictions. It is noteworthy that a11 previous studies have been 
based οη historica1 and instrumenta1 data by using on1y 1arge or 
moderate earthquakes, and that, the occurrence time οί the 
forthcoming 1arge earthquake a10ng the He11enic arc was given in 
the 10ng-term sense, i.e. next decade or so. 
~ Οη the other hand, the a1gorithm Μ8 depicts the activation 
οί the earthquake f10w in the 10wer magnitude range. Α ΤΙΡ is 
dec1ared when (i) a11 the characteristic functions are defined 
and (ii) a11 the functions achieve 1arge va1ues during a common 
time interva1. Το fu1fi1 the first condition at 1east six years 
οί data from the beginning of the cata10gue are needed to 
distinguish 10ng seismicity 1eve1 from a short one. 
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Therefore , the application of the algorithm Μ8 to the area 
of Greece and especially to the Hellenic arc by using solely 
recent complete regional data from 1971 onwards will essentially 
contribute to earthquake prediction problem in this region. 

OUTLINE OF ΤΗΕ ALGORITHM Μ8 

For convenience of the reader , we briefly repeat the 
functions which are used in the algorithm Μ8. More details are 
given by Keilis-Borok and Kossobokov (1986). 

The functions are defined οπ a sequence of main shocks. Each 
main shock is defined by the vectors of six compoπents. (t., φ., 

λ. ι h., Μ., B.(e)), where i is the sequence number of the ' maln 
shock', t' is 1 the origin time, φ is the latitude, λ is the 
loπgitude, h is the focal depth, Μ is the earthquake magnitude, 
and B(e) is the πumber of aftershocks that occurred in the first 
e days after the main shock. 

The fuπction N(t:m,s) defines the current level of seismic 
activity, in other words it depicts the number of main shocks 
with M~m in the time interval (t-s,t). 

The function K(t:m,s) defines the increment of seismic 
activity and is given by: 

K(t:m,s) = N(t:m,s) - N(t-s:m,s) 

The function V(t:m,s) defines the variation of the seismic 
activity and is given by: 

V(t:m,s,u) = Σ[Ν(ti+1:m,s)-Ν(ti:m,s)] 

The function L(t:m,s,t) defines the deviation of seismic 
activity from a long-term lfnear trend and is given by: 

L(t:m,s,t )=N(t:m,t-t )-N(t-s:m,t-s-t )(t-t) (t-s-t)~ 
ο ο ο Ο Ο 

The concentration of main shocks in space is defined in the 
Σ10 βζΉifollowing way. Let S(t:rn,M' ,s,α,β) = -α ) be a weighted surn 

of the rnain shock within (t-s,t) time and (m,M') magnitude 
intervals. Each weight depends οη the magnitude and is roughly 
proportional to the length of source. Specifically, we have used 
β=b/3, where b is the coefficient in the magnitude energy 
relation logE=a+bM. The parameter a norrnalizes the weights. The 
average length of a source is proportional to S/N, and the 
average distance between them is proportional to S/N-1/ 3 in the 
case of uniforrn distribution. Their ratio characterizes 
concentration and can be roughly estirnated by the function 

Ζ ( t : m, Μ' , s , α , β) =: S ( t : rn, Μ; , s , α , β ) / [ Ν ( t : m, s ) - Ν ( t : Μ' , s ) 2/3 

The function Β defines the clustering of earthquakes and 
B(t:m,M"s,M ,e) is the maxirnal number of aftershocks with M~M 
in the firstOe days after a main shock within intervals (t-s,t) 
and (m,M'). 

Because the seismic activity in the regions considered is 
obviously different, we normalize it by adjusting the rnagnitude 
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thresh01d Μ so that the average year1y rate(nurnber) of occurrence 
of rnain shocks with M~rn in an area is equa1 to a certain common 
va1ue. For one set of functions designated as Nl'L } and ΖI the 
constant is 10 per year, and it is 20 per year for another set 
Ν ,Lz, and Z2,i.e. for two 1eve1s of seisrnicity 1 and 2. For a11 
tbese six functions the duration of a time interva1 s is 6 years. 
The upper magnitude thresh01d Μ is defined to 11. For the 
function Ζ we have used Μ' =Μ -0.5. Por Β the thresh01J were rn=M ­
2 and Μ' =Μ -0.2. 

ο ο 

Το dfagnose a ΤΙΡ at time t we require that over the 
preceding 3 years: 

(i)each group {N ,N2},{L ,L2},{ZI,Z2},{B} contains functions
1 1

with extreme1y 1arge values, ana 
(ii)at 1east 6 out of 7 functions {N1 ,N2},{L1,L2},{ZI,Z2},{B} 

have extreme1y 1arge va1ues concurrent1y. Extrerne1y 1arge refers 
to va1ues in the upper Q% quanti1e range (Q=25 for Β and Q=10 for 
a11 other functions, i.e. in the 10% 1arger va1ues). 

Fina11y, the vector F (t) of the above rnentioned functions 
is cornputed for discrete tfmes {t.} with a ha1f-a-year step. The 
tirne interva1 (t"tj+τ) is a ΤΙΡ when the conditions (i) and (ii) 
occur at t i _1 and t i' 

PREVIOUS RESULTS 

Por the area of Greece and adjacent territories the 
a1gorithm Μ8 has been app1ied for Μ = 7. Ο (Latousskais and 
Kossobokov, 1990). It has been revea1~d, retrospective1y, that 
the three strongest earthquakes of Ms~7. Ο which occurred in 
Greece during the time interva1 1973-1988 were preceded by a 
specific increase of the earthquake activity in the 10wer 
magnitude'range which was depicted by the a1gorithrn Μ8. 

Purthermore, for the s arne area an at tempt was made by 
Latoussakis and Stavrakakis (1992) to investigate whether the 
algorithm Μ8 cou1d be applied to srna11er earthquakes, i.e Mι~5.5 

which are of rnajor practica1 importance due to their frequent 
occurrence in the area of Greece. The obtained resu1ts seern to 
be promising in terms of intermediate-term earthquake prediction. 

Especia11y, the above authors examined 15 earthquakes of 
Ml~5.5 which took p1ace in Greece and surrounding region from 
1~77 to 1990. Ten of them occurred within TIPs. The a1gorithm 
fai1ed in diagnosing TIPs in four cases, because the re1evant 
events occurred in regions, i.e. A1bania, West Turkey, for which 
a comp1ete earthquake cata10g was not avai1ab1e to the authors. 
On1y in one case, narne1y that of Thessa10niki (northern Greece) 
earthquake of June 20, 1978 the a1gorithm Μ8 did not diagnose any 
ΤΙΡ. It rnight a1so be exp1ained in terrns of the cornp1eteness of 
the Nationa1 Observatory cata10g for northern Greece at that 
tirne. This fact indicates how critica1 the se1ection of the area 
is, within which TIPs are sought. 

Once we have examined the app1icabi1ity of the a1gorithrn Μ8 

to sma11er earthquake in Greece, we continue to exp10re the 
possibi1ity of identifying current TIPs of occurrence of 
earthquakes with Mι~5.5 for the sarne area. The obtained resu1ts 
are discussed in terms of the seismic history of the regions. 
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APPLICATION OF ΤΗΕ ALGORITHM Μ8 

As we mentioned above, by considering a threshold magnitude 
Μ , equal to 5.5 then the algorithm Μ8 requires complete data for 
e~ents with magnitudes Μ-2 (i.e. 5.5-2=3.5) and above. Ιη the 
present study we used t'he ΝΟΑ catalog which is complete for 
earthquakes with Mι~3.2 for the time period 1971-1990. This 
catalogue contains about 14,000 earthquakes with local rnagnitude 
in the range 3.0 to 6.8 for the above mentioned time period. Fig. 
1 shows the epicentre distribution of the events with Μ ~4.5 

which occurred in Greece and adjacent region form 1971-t990. 
Since the algori thm Μ8 requires main shocks, we remove the 
aftershocks frorn the catalogue following the criteria given by 
Latoussakis and Stavrakakis (1992). 

After that, the territory (31°-41°Ν, 21 0 -27 0 Ε) was firstly 
scanned by overlapping circles of diarneter D = exp(M -5.6)+1 in 
degrees of the Earth meridian, that is a radius of 105krn for a 
Μ =5.5, with a step of one degree in latitude and longitude, 
r~spectively. The seisrnicity is considered within each area, and 
several integral traits of an earthquake activity are estirnated 
as functions of a sliding time window. If most of them (at least 
six out of seven)· become extremely large within a certain narrow 
time interval a ΤΙΡ is diagnosed for 5 years. Ιη light of the 
above first scanning of the territory, by 72 overlapping circles, 
a first diagnosis of TIPs for Μ = 5.5 was done. 

The results have shown tha~ 14 circles (see fig.2) contain 
current TIPs. These circles delineate four volumes as illustrated 
in fig. 2 and we look for the stability of the diagnosis for each 
volume separately as follows. 

'~ .") 
~,,----&-----_=-:', 

Fig.l. Epicentre distribution of earthquakes with Μι>4.5 for the 
tirne period 1971-1990 (NOA's catalogue). 
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(a) Volurne Ι (Southwestern Aegean Sea Region) 

1η this volurne, the Τ1Ρ has a1ready been fi11ed. Latoussakis 
and Stavrakakis (1992) have found the diagnosis of a Τ1Ρ in 
southwestern part of the Hel1enic arc. These authors have pointed 
out that this Τ1Ρ is expected to be fi11ed by the end of 1992, 
by an earthquake of rnagnitude 6.05Μ ~7.5. Actua11y, οη NOV., 21, 
1992 a strong earthquake of Μ ;6.5 ~ook p1ace within the Τ1Ρ. We 
be1ieve that this event was ~uccessfu11y predicted in terrns of 
capabi1ity of the a1gorithrn Μ8 (interrnediate terrn earthquake 
prediction}. 1t shou1d a1so been ernphasized that during the 1st 
Workshop οη "Statistica1 Methods in Seisrno1ogy-App1ications οη 

the Prevention and Forecasting Earthquakes" he1d in Athens (27-29 
Νον., 1991) we presented the resu1ts obtained for the He11enic 
arc. 1η the abstract vo1ume figures 3a and 3b are inc1uded which 
showed the candidate area for the forthcoming event. 
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Fig.2. The four vo1urnes which are de1ineated after the territory 
had been scanned by 72 over1apping circ1es of radius of 105 
krn using a step of 1 degrees in 1atitude and longitude. 

(b) Vo1ume 11(Southeastern Aegean Sea Reqion} 

The same procedure was fo11owed to de1ineate the vo1urne 11 
(fig. 2} which contains four circ1es with centres C5(36°N,26°E), 
C6(37°N,25°E), C7(37°N,26°E) and C8(37°N,28°E) and of radius 
equa1 to 105krn (Μ;5, 5) . 

Furthermore,o the vo1ume 11 was scanned by over1apping 
circ1es (fig. 4a) with a centre the geographica1 centre of 
C5,C6,C7,C8 and of various radius corresponding to higher Μ in 
order to investigate whether T1Ps appear in this region °for 
higher magnitudes. Again, it does not rnean that four earthquakes 
wi11 fo11ow the T1Ps. Actua11y, one current Τ1Ρ was diagnosed and 
the different circ1es de1ineate the candidate areas for different 
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rnagnitudes. Figure 4b shows the obtained results. For Μ>7.0, ηο 

Τ1Ρ was identified, indicating probably an upper bound ~agnitude 
for volume 11. 

Based οη the spatial distribution of the large events(fig. 
4a), and by considering the conclusion made by WYSS and 
BAER(1981a,b) it is reasonable to consider as the rnost probable 
location near 36.5°Ν- 27.5°Ε (broad region of Kos island) with 
a surface rnagnitude 6. Ο<Μ <7. Ο. 1t is of great irnportance to 
ernphasize at this point: that an abnorrnal nucleation of 
subcrustal earthquakes in the vicinity of Kos island has been 
observed for the tiffie period 1971 -1985 (GALANOPOULOS, 1989). 
Especially, during the above tirne period I 57 out of 122 events 
of rn

b 
> 3.0 and with focal depths greater than or equal to 100 km 

occurred in the vicin~ty of Kos island. 1η several cases it has 
been reported that deep-focus earthquake activity sometirnes 
increases preceding large shallow earthquakes (MOG1, 1973). We 
consider this observation as an additional fact which enhances 
our estirnation for the location of the earthquake expected to 
occur in the southeastern part of the Hellenic arc. 
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Fig.3. (a) Large earthquakes occurred in the southwestern part 
of the Hellenic arc for the tirne period 1500-1987 
(Papazachos and Papazachos, 1989). The shaded area depicts 
the rnost probable 1ocation for an irnpending earthquake. (b) 
Current T1Ps for Volurne Ι. 
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(c) Volume 1ΙΙ (North - Central Aegean Sea Region) 

This region (fig.2) was a1so delineated by fo11owing the 
same procedure as above. 1t contains four circles with centers 
C9 (38"Ν-25 0Ε) , C10 (38"Ν-260Ε), Cll (39"Ν-260ε) , and C12 (39 0-260

Ε) and 
of radius equa1 to 105 km (Μο=5.5). Each circ1e contains a Τ1Ρ. 

The resu1ts are shown in figures 5a and 5b. Based οη the spatial 
distribution of the 1arge events and by considering the seisrnic 
history of this region, we speculate as the most probab1e 
location near 38.5"Ν-25.50Ε for a sha110w earthquake of surface 
magnitude 6.0 < M <7.0. s 
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Fig.4. The sarne 1egend as figure 3a and 3b, for the southeastern 

part of the He1lenic arc (Vo1urne Ι1). 

(d) Vo1urne 1ν ( Main1and of Greece) 

Tis vo1ume (fig. 2) is de1ineated by two circ1es with centers 
C13 (39"Ν-220

Ε) and C14 (40"Ν-21 ΟΕ) and of radius equa1 to 105 km 
(Μ=5.5). Το ensure that the current T1Ps do not appear by 
raΆdοm, the vo1ume 1ν was a1so scanned by over11aping circ1es 
with centers 39.5~ - 21.5 0E, and various radii corresponding to 
higher magnitude thresho1ds. The resu1ts are shown in figures 6a 
and 6b. When Μο >6.5 the T1Ps were not identified. 1t is evident 
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that the characteristic earthquake magnitude Μ for which current 
TIPs were not diagnosed is different for eachovolume indicating 
also a different upper bound magnitude consistent with the 
seismic history of each region. Furthermore, it might indicate 
the present seismic potential of each volume. 

ΒΥ a further consideration of the seismic history of the 
region we expect as a probable location near 39~-22.5°E for the 
forthcoming earthquake of surface magnitude 6.0 < Ms <7.0. 
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Fig.5. Same as legend of figure 3a and 3b for Volume ΙΙΙ. 

DISCUSSION ΑΝD CONCLUSIONS 

Once the applicability of the algorithm Μ8 has 
retrospectively been tested for earthquakes of Μ ..,5.5 occurred in 
Greece, we further explored the possibilityO of identifying 
current TIPs for this area. For this purpose, the territory was 
scanned by overlapping circles of radius equal to 105 km 
corresponding to a Μ ~5. 5. Ιη this way, a first diagnosis was 
made aiming at deline~ting subregions for which current TIPs are 
sought by considering higher magnitudes Μ and different 
seismicity parameters. ο 

Volume Ι includes the southwestern part of the Hellenic arC 
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for which current TIPs were diagnosed for Μ =5.5, to 7. Ο. For 
higher magnitudes ηο ΤΙΡ wa6 found indicatfng, probably, the 
present seismic potential of this region. For this region we 
expected a large event by the end of 1992. Details of this 
intermediate term earthquake prediction was published by 
LATOUSSAΚIS and STAVRAKAKIS (1992). 

As far as the location of the forthcoming large earthquake 
within the current ΤΙΡ is concerned, it was significantly reduced 
by considering the seismic history of the investigated region. 
As we have pointed out the probable location wa6 the area between 
Anticithira island and off the western coast Crete, and not 
anywhere within the circles of fig.2. Actually it happened οη 

Nov.21, 1992 with the occurrence of the Μ=6.5 event. 
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Fig.6. Same as legend of figure 3a and 3b for Volume IV. 

Volume ΙΙ includes the southeastern part of the Hellenic arc 
for which a current ΤΙΡ was also diagnosed, but for smaller 
magnitude (Μ=6.5) of the impending earthquake. It might be an 
indication t~at the seismic potential οί the western part of the 
Hellenic arc is higher than that of the eastern one. It i6 a160 
interesting to notice that the current ΤΙΡ for Μ =6.5 in this 
region started very recently (at the beginning °of 1991) in 
contrast to the ΤΙΡ for the west Hellenic arc. ΒΥ considering the 
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seisrnic history of this region, especia11y the recent abnorma1 
nuc1eation of deep focus earthquakes in the vicinity of Kos 
is1and, we assurne this area as candidate one for the next large 
earthquake in the East He11enic arc. 

For vo1umes 111 and IV, current TIPs were a1so declared for 
Μ ~6. 5, and 6. Ο, respective1y. A1so in these cases, the locatiotls 
e~pected of the forthcorning 1arge earthquakes were given in terrns 
of the seismic history of the re1evant regions. 
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