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Α Β 5 Τ R Α C Τ 

Instrumental and historical information οη strong mainshocks 
in 22 seismogenic sources of the Philippines area have been used 
to show that the interevent time, Τι (in years), between two 
strong earthquakes and the magnitude, Mf' of the following main­
shock are given by the relations: 

LogT t = 0.15Μ. +0.17M -0.271ogM +5.98 
ιn1n Ρ Ο 

Mf = 0.77Μ. -0.43M+0.681ogM -12.81
mln Ρ ο 

where Μ. is the surface wave magnitude of the smallest mainshock 
conside~~d, Μ the magnitude of the preceding mainshock and Μ 
the moment ra~e per year in each source. Οη the basis of thes~ 
relations, the probabili ty for the occurrence ο! a mainshock 
during the decade 1993-2002 as well as the magnitude of this 
expected mainshock in each seismogenic source have been 
calculated. 
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Π Ε Ρ Ι Λ Η Ψ Η 

Ενόργανα και ιστορικά δεδομένα ισχυρών επιφανειακών σεισμών 

σε 22 σεισμογόνες πηγές της περιοχής των Φιλιππίνων 

χρησιμοποιήθηκαν για να δειχθεί ότι ο χρόνος, Τι' του σεισμo~ 

που ακολουθεί δίνονται από τις σχέσεις: 

LogT = 0.15Μ. +0.17Μ -0.271ogM +5.98 
t mIn Ρ ο 

M = 0.77Μ . -ο. 43Μ +0. 6810gM -12.81f mln Ρ ο 

όπου Mιn;n είναι το, επιφανειακό μέγεθος του μικρότερου κ~ριoυ 
σεισμου που θεωρουμε, Μ το μέγεθος του κυρίου σεισμού που 

προηγήθηκε και Μ η ετήσι& έκλυση τη~ σεισμικής ροπής για κά8ε 
σεισμική πηγή. ΟΜε βάση τις σχέσεις αυτες υπολογίσθηκαν η 
πι θανότητα γένεσης ενός κ~ριoυ σε ισμού κατά τη δεκαετία 1993-2002 
καθώς και το μέγεθος αυτού του αναμενόμενου σε ισμού σε κάθε 
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σεισμογόνο ~ηγή της nεριοχής των Φιλιnnίνων. 

INTRODUCTION 

With the purpose to estimate the long term probabilities for 
the generation of strong earthquakes οη single faults, the time 
dependent model seems to be more plausible in comparison to the 
slip predictable model (Wesnousky et al.,1984; Astiz and 
Kanamori, 1984; Nishenko and Buland, 1987). This model holds even 
if the seismic source includes, in addition to the main fault 
where the characteristic earthquake is generated, other small 
faults where smaller mainshocks also occur (Papazachos, 1989). 

According to the time-predictab1e model, the time of 
occurrence of a future earthquake in a certain seismogenic source 
depends οη the size of the last earthquake in the source. Οη the 
other hand, according to the slip-predictable model, the size of 
a future earthquake depends οη the time elapsed since the last 
earthquake. It means that we can predict, in principal, the size 
of a future earthquake by the s1ip-predictable model and the time 
of its occurrence by the time-predictable model (Bufe et al., 
1977; Shimazaki and Nakata, 1980). 
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Fig.1. The studied area (modified from Hanilton, 1977; Allen, 
1962; Rowlett and Kelleher, 1976). 

Very recently, Papazachos(1988a,b, 1989, 1991, 1992, 1993) 
concluded that the time-predictable mode1 holds very well for the 
strong shallow earthquakes which occurred in seismogenic sources 
in Greece. He proposed a model where the interevent time, T , and

Jthe magnitude, Mf , of the fo11owing mainshock were related with 
the magnitude, Μ . , of the sma11est mainshock considered and with 
the magnitude, ~π, of the preceding mainshock in each seis­
mogenic source. fn addition Papazachos and Papaioannou (1993), 
improving this idea, included a new term in this methodology, 
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which depends οη the year1y rnornent rate in each seisrnogenic 
source. They app1ied this rnode1 to estirnate the probabi1ity of 
occurrence of the next rnainshock in the next decade and the 
rnagnitude of this shock for each seisrnogenic source of the Aegean 
area. This is ca11ed tirne and rnagnitude predictable rnodel. 

Ιη the present study we try to test the applicability of the 
tirne and rnagnitude predictable rnode1 in the area of Philippines 
with data frorn sha110w earthguakes. Figure 1 shows the studied 
area along with its rnain tectonic characteristics. The Pacific 
Plate spreading frorn the East Pacific Rise is subducted beneath 
the Eurasia Plate at the Aleutian-Kurile-Japan-Mariana Trench 
system and the Philippine Plate is moving north-westward and 
subducts also beneath the south-east Eurasia Plate (Allen, 1962; 
Fitch, 1972; Rowlett and Ka11eher, 1976; Hami1ton, 1977). 

ΜΕΤΗΟΟ 

Οη the basis of the interevent times of strongs mainshocks 
in the seismogenic sources in Greece, Papazachos and Papaioannou 
(1993) proposed the following re1ations: 

LogT ι = bM + cM + d1ogM + t (1 )
min p o 

M = B~\π + CM + D1ogM + m (2 )f p o 

where ΤΙ is the interevent time (in years), Μ. the surface wave 
magnitude of the sma11est mainshock consider;d~ Μ the rnagnitude 
of the preceding rnainshock, M the magnitude ofPthe fo11owing 
mainshock and Μ the rnornent rate 

f 
in eβ.ch source per year. We have 

to note that a11 parameters (b, c, d, t, Β, C, D, ιπ) of the 
re1ations 1 and 2 are ca1cu1ated by a11 avai1ab1e data for a11 
sources in the studied area. 

The rnoment rate Μ can be re1iab1y ca1cu1ated if enough data 
are avai1ab1e for the

O 
source because it varies frorn source to 

source. We use not οη1Υ the magnitudes of the few rnainshocks but 
a11 the comp1ete data, that is, a11 the strong and srna11 shocks 
which are avai1ab1e for each source. We determined the va1ues of 
the rnoment rate Μ by app1ying a method suggested by Mo1nar 
(1979). Using this ~ethod, the moment rate was ca1cu1ated οη the 
basis of the maximum rnagnitude, Μ. , and of the pararneters a and 
b of the Gutenberg and Richter (i~~4) re1ation: 

LogN = a - bM (3 ) 

norrna1ized for one year, as we11 as, of the parameters r, k of 
the moment-magnitude re1ation: 

LogM = rM + k (4 ) o 

which for the studied area are r=1.5 and k=16.1 according to 
Kanamori (1977). Οη the basis of a we11 known technigue 
(Weisberg, 1980) which has been used in strong motion attenuation 
(McGuire, 1978) we determined the coefficients of b, c, d and t 
of the re1ation 1 ι by using a cornputer prograrn written by C. 
Papazachos. 
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SEISMOGENIC SOURCES ΑΝΟ ΟΑΤΑ 

For the purposes of the present study we separated the who1e 
area in 22 seismogenic sources. This separation was based οη 

seismotectonic criteria, dirnension of aftershocks vo1umes, 
seismicity 1evel, maximum earthquake observed, type of fau1ting 
and geomorpho1ogica1 criteria. 
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Fig.2. The seismogenic sources in which the nothern part of 
Phi1ippines area was divided a10ng with the epicentres of 
strong (Μ >6.0) sha110w mainshocks (black circ1es) and fore­
or afterslhocks (open circ1es) in their broad sense. 

The main tectonic features of the studied area are the 
Ryukyu trench, the Okinawa trough the Longitudina1 Va11ey Fau1t 
in Taiwan, the Luzon trough, the Mani1a trench, the Phi1ippines 
trench, the Negros trench, the Ce1ebes trench and the trace of 
the Phi1ippine mega-fau1t system (Hami1ton, 1977; Gervasio, 1966, 
1971ί A11en, 1962). We have to note that severa1 1arge 
earthquakes have occurred during the 1ast 100 years a10ng these 
tectonic 1ines. The dimensions of the sources are in accordance 
with the rupture zones of the maximum earthquakes that have oc­
curred in these sources. 

Between the Okinawa Trough and Ryukyu Trench two seismogenic 
sources were defined οη the basis of the spatia1 distribution of 
the epicenters of the 1argest (Μ ~6. Ο) mainshocks and bathyrnetric 
features. The two sources arιi the "Okinawa" and "Ishigaki" 
sources as are shown in figure 2. 

The Longitudina1 Va11ey fau1t in Taiwan is an active fau1t 
and shows both reverse and 1eft-1atera1 strike s1ip movement 
(A11en, 1962ί York, 1976). It is 10cated a10ng the east coast of 
Taiwan and is be1ieved that represents the suture of the arc­
continent co11ision (Lee et a1., 1978aj Barrier and Ange1ier, 
1986; Pe11etier and Stephan, 1986). Because of tectonic com­
p1exity the region of Taiwan is devided in six seisrnogenic 
sources (Τι' Τ2 , Τ3 , Τ4 , T and Τ6 in fig. 2) and we have to note 
that much of the activity 

s
is 10cated οη the "oceanic" side of the 

Longitudina1 fau1t. 
The Luzon strait between the northern Phi1ippines and Taiwan 

consists of a series of ridges and troughs. Karig (1973) and 
Row1ett and Ke11eher (1976) suggest that p1ate rnotion in this 
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~egion is accommodated by regiona1 re1ease of tectonic strain and 
that sharp p1ate boundaries have not yet deve1oped. Οη the basis 
of that the Luzon strait is considered as one seismogenic source 
(L l -in fig. 3). 

'25"Ε'''''Ε 

'50'< 

""Ν 

Fig.3. The seismogenic sources in which the centra1 and southern 
part of Phi1ippines area was divided along the epicentres 
of strong (M~6.0) sha110w mainshocks (b1ack circles) and 
fore- or aft~rshocks (open circ1es) in their broad sense. 

The Mani1a trench at the western coast of Luzon is1and is 
associated with a poorly developed seismic zone and is considered 
as two seismogenic sources (Lz, L4 in fig. 3). This separation 
was based οη the spatial distrlbutlon of the epicenters of main­
shocks (Μ >6.0), as well as οη the seamounts and other 
bathymetri~features οη the underthrusting p1ate to the west of 
Luzon. 

Foca1 mechanism solutions of shallow shocks a10ng the east 
coast of northern Luzon (McCann et a1., 1979; Karig, 1973) which 
do not appear to be associated with the Phi1ippines fau1t system, 
indicate westerly-directed underthrusting. Οη the basis οί this 
we considered this region as one seismogenic source (L

3 
) as shown 

in figure 3. The Mindoro region is considered as one seismogenic 
source (ΜΙ in fig. 3) since it has been struck by the strong 1948 
(Μ =8. Ο) Panay eart hquake. 

S The Philippines mega-fau1t system extends from Mindanao to 
central Luzon (Gervasio, 1966,1971; McCann et al., 1979)1 where 
it branches into severa1 subpara11e1 faults. Fitch (1972) 
proposed that ob1ique convergence οί the Phi1ippine and Eurasia 
p1ates may resu1t in thrust motion at the Philippine trench and 
1eft-1atera1 and strike-s1ip motion a10ng the Philippine fau1t. 
A10ng this basic tectonic 1ine we considered five seismogenic 
sources (Ls ' SJ' 52' 53 and M~ in fig. 3). This division was based 
οη the spatla1 distributlon of the mainshocks and their 
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foreshocks and aftershocks as well as οη basic geomorphological, 
tectonic and bathymetric features. Ιη the same way the western 
part οί Mindanao is considered as two seismogenic sources (Μι, Μι 
in fig. 3). 

Along the tectonic line from Mindanao to Halrnahera which is 
the southern part of the collision' s boundary between the Philip­
pine plate and south-east Eurasia plate two seisrnogenic sources 
(ΤΑ and ΤΙ in fig. 3) were defined according to the bathyrnetric 
feature and the spatial distribution of the epicenters of large 
shocks (p.e. 1924-SE Mindanao Μ=8.1, 1932-Tifore Μ=7.8). 

These twenty two seismogeni'c sources are shown Ιη fig. 2 and 
3, along with the epicenters οί the complete data οί the shallow 
earthquakes which are used in the present study. Black circles 
show epicenters οί the main shocks. Open circles show epicenters 
of the foreshocks and aftershocks in the broad sense, that is, 
earthquakes which rnay occur up to several years before or after 
the rnain shock, respectively. We use the terms "foreshocks" and 
"aftershocks" in their broad sense because we want a rnodel which 
can predict the rnain shocks , that is, the strong earthquakes 
which occur at the beginning and the end of each seismic cycle 
and not smaller earthquakes which occur during the preseismic and 
postseismic activations. 

Ιη particular, as foreshocks and aftershocks have been con­
sidered the earthquakes which had preceded or followed the main 
shocks with surface wave magnitudes 5.5-5.7, 5.8-6.0, 6.1-7.0, 
and larger than 7.0, up to 6, 7, 9 and 12.5 years respectively 
(Papazachos, 1992). Information οη the magnitudes and οη the 
epicenters οί the earthquakes plotted in fig. 2 and 3 were taken 
from the catalogue of Pacheco and Sykes (1992) for events oc­
curred during the present century with Ms~7.0. The magnitudes of 
historical events and for events not listed in the previous 
catalogue, as well as, for events with magnitudes less than 7.0 
have been obtained from Abe (1981), Abe and Noguchi (1983), 
Gutenberg and Richter (1954), Lee et al., (197 8b), Valenzuela and 
Garcia (1988) and Tsapanos et al. (1990). Ιπ addition the more 
recent events, for the period 1986-1992, were checked up by ISC 
bulletins. 

RESULTS 

According to the procedure which suggested by Papazachos and 
Papaioannou (1993) we used the data frorn the twenty five 
seismogenic sources in order to estirnate the parameters of the 
relation 1 between the repeat times T , the rnagnitudes Μ. and Μ 

t
and the moment rate with a total number of 107 repeat ti~es werJ 
used to determine the relation: 

LogT = 0.15Μ. + 0.17Μ - 0.271ogM + 5.98 (5 )t mln Ρ ο 

with a correlation coefficient equal to 0.61 and a standard 
deviation equal to 0.16. The positive correlation between the 
repeat time and the magnitude Μ indicates that the time­
predictable model holds very well. ~η addition we determined the 
parameters οί the relation 2 and the following empirical formula 
was obtained: 
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M = 0.77M - 0.43Μρ + 0.681ogr\ - 12.81 (6 )
f min 

with a standard deviation equa1 to 0.30 and a corre1ation 
coefficient equa1 to 0.85. The meaning ο! the negative va1ue C 
(-0.43) is that 1arge mainshocks are fo11owed by sma11 ones and 
vice versa. 

LONG TERM EARTHQUAΚE PREDICTION ΙΝ PHILIPPINES AREA 

Papazachos (1988b, 1991, 1993) and Papazachos and Papaioan­
ηου (1993) have proposed that the 1ognorma1 distribution ο! the 
ratio T/T

t 
, where Τ are the observed interevent times between 

successive mainshocks in a certain seismogenic source and T ist 

-θ.6 -0.2 θ.2 θ.6 ~ 

, 

J 
1 
1 
j 
~ 

J, 

Fr.quvncy Histogrsm 

LOG<T/ft) 

Fig.4. The frequency distribution ο! the observed repeat times 
compared to the theoretica1 one. 

the corresponding theoretica1 va1ue given by re1ation 1, provides 
a better fit than the Gaussian and Weibu11 distributions. 

Previous researchers were app1ied probabi1istic methods for 
predicting future mainshocks occurrence by the use of either 
Gaussian (Lindh, 1983;) οτ Weibull distribution (Rikitake, 
1976). Recent1y Nishenko and Bu1and (1987) found that the 
1ognorma1 distribution fits better to the Τ/Τ data than the 
Gaussian or Weibu11 ones, where Τ is the ave~age recurrence 
interval observed for a specific faJlt or plate boundary segment 
and Τ is an individual recurrence interval. 

Figure 4 displays the frequency histogram of Log(T/Tt ) and 
the theoretical normal distribution which has a mean equal to 
ZeI"O and standard deviation equal to 0.16. Assuming that the 
lognormal distribution holds for the area under study and taking 
into account the time of occurrence and the magnitude of the last 
main shock, the probabilities of occurrence during the next 
decade (1993-2003) for earthquakes with magnitudes equal to οτ 

larger than 7.0 were calculated. These probabilities are given 
in table 1 with the corresponding magnitudes Μ of the expected 
mainshocks as these magnitudes were calculateJ by the relation 
6. 
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Table 4. Information οη the expected shallow earthquakes with 
magnitudes, Mf ι and the corresponding probabil i ties, Ρ10' for 
the occurrence of large (Μ>7.0) ones during the period 
1993-2002 in the Philippine;-area. 

5EI5MOGENIC 50URCE Mf Ρ 10 

50URCE 1 OKINAWA 7.3 0.64 
50URCE 2 I5HIGAKI 7.1 0.61 
50URCE 3 TAIWAN (Τ1 ) 7.2 0.61 
50URCE 4 TAIWAN (Τ2 ) 7.2 0.37 
50URCE 5 TAIWAN (Τ3) 7.4 0.60 
50URCE 6 TAIWAN (Τ4 ) 7.3 0.40 
50URCE 7 TAIWAN (Τ5) 7.2 0.65 
50URCE 8 TAIWAN (Τ6) 6.9 0.59 
50URCE 9 LUZON (Ll) 6.9 0.43 
50URCE 10 LUZON (L2) 7.1 0.75 
50URCE 11 LUZON (L3) 7. Ο 0.04 
50URCE 12 LUZON (L4) 7.1 0.61 
50URCE 13 LUZON (L5) 7.1 0.70 
50URCE 14 MINDORO (ΜΙ) 7.3 0.18 
50URCE 15 5AMAR (51) 6.7 0.19 
50URCE 16 5AMAR (52 ) 7.2 0.70 
50URCE 17 5AMAR (53) 7.1 0.69 
50URCE 18 MINO~NAO (Μ1) 7.3 0.77 
50URCE 19 ΜΙΝDΑΝΑΟ (Μ2) 7.1 0.59 
50URCE 20 ΜΙΝDΑΝΑΟ (Μ3) 7.2 0.06 
50URCE 21 TALAUD (ΤΑ) 8.1 0.86 
50URCE 22 TIFORE (ΤΙ) 7.2 0.37 

The seismogenic source of Talaud (ΤΑ) exhibit very high 
probability PlO=O. 86 for the occurrence of a strong earthquake 
with Ms~7.0 during the next decade (1993-2003). High 
probabilities (0.65.s.P10<0.80) are estimated at the seismogenic 
sources of Taiwan (Ts ), Luzon (L ' Ls ) ι 5amar (52' 53) and Mindanaoz 
(Μι). Intermediate values (0.4υ~P 0<0.65) are estirnated at the 
selsmogenic sources of Okinawa, Is~igaki, Taiwan (Τι' Τ , Τ , Τρ )'3 1
Luzon (L l , L ) and Mindanao (Μι). Finally low Ρrοbabi.ιitles4 
(Ρ1{0. 40) are estimated at the 'seismogenic sources of Taiwan 
(,Τ Ι, Lu Ζοη (L3 ), Mindoro (ΜΙ), 5amar (5) ι Mindanao (Μ) and 
Tilore (ΤΙ). The magnitudes of the expected mainshocks (table 4) 
at the sources Taiwan (Τ6 ), Luzon (L l ) and 5arnar (51) are less 
than 7. Ο. Ιη this case we consider that these magni tudes are 
around the error levels. 
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