
Δελτίο της Ελληνικής Γεωλογικής Εταιρίας, Τομ. XXXIV/4,1627-1633, 2001 Bulletin of the Geological Society of Greece, Vol. XXXIV/4,1627-1633, 2001 
Πρακτικά 9ου Διεθνούς Συνεδρίου, Αθήνα, Σεπτέμβριος 2001 Proceedings of the 9th International Congress, Athens, September 2001 

SPATIAL DISTRIBUTION OF THE SEISMIC HAZARD PARAMETERS 
IN THE SEISMOGENIC SOURCES OF JAPAN 

T. M. TSAPANOS1, G.CH. KORAVOS\ C.I. PATSIA1, D.TH. KOULARAS* 

ABSTRACT 

The seismicity parameters in the seismogenic zones of Japan are estimated by the application of two differ­
ent approaches. These are the maximum likelihood method as well as the Bayesian estimator is invoked in order 
to check the validity of the results. Both methods allow us to estimate the maximum regional (possible) earth-

quake M , the well known value β (b=ßloge) which is the slope of the magnitude-frequency relation and 

the mean activity rate /[ of the seismic events. The present study is focused in the first two parameters search­
ing for any pattern on their geographical distribution through the sources of Japan. Two are the main assump­
tions adopted for both methods: 1) the seismic events are of Poissonian character and 2) the magnitude-fre­
quency law is governed by Gutenberg-Richter type. The methods allow to account the influence of uncertainties 

of the earthquakes magnitude. Taking into account these properties we found that the values of M are 

different and bigger than the observed M^*x . The estimated b-values show very low values in the seismogenic 

sources 2 and 7. In comparison with other measurements from other authors these two sources suggested to be 
areas with very high probability for an large earthquake occurrence. 

ΣΥΝΟΨΗ 

Με την εφαρμογή δύο διαφορετικών προσεγγίσεων έγινε η εκτίμηση των παραμέτρων σεισμικότητας στις 
σεισμογενείς πηγές της Ιαπωνίας. Οι μέθοδοι αυτές είναι α)η μέγιστη πιθανοφάνεια και β) η στατιστική Bayes. 

Αμφότερες οι μέθοδοι μπορούν να εκτιμήσουν το μέγιστο δυνατό μέγεθος του σεισμού Μ , την ποσότητα 

που β είναι η κλίση της καμπύλης της σχέσης της συσωρευτικής κατανομής των σεισμών και τον μέσο ρυθμό 

y[ των σεισμών. Στην παρούσα εργασία επικεντρώνουμε το ενδιαφέρον μας στην εκτίμηση των δύο πρώτων 

παραμέτρων ερευνώντας για την ύπαρξη πιθανού μοντέλου της γεωγραφικής τους κατανομής στις σεισμογενείς 
περιοχές τις Ιαπωνίας. Δύο είναι οι βασικές υποθέσεις για την αποδοχή των μεθόδων που εφαρμόζονται: 1) ότι 
οι σεισμοί ακολουθούν κατανομή Poisson και 2) ότι ισχύει ο νόμος Gutenber-Richter. Οι μέθοδοι επιτρέπουν 

τον υπολογισμό του σφάλματος για τα μεγέθη των σεισμών. Γενικά δείχθηκε ότι οι τιμές Μ είναι 

διαφορετικές και μεγαλύτερες από τις παρατηρημένες τιμές Mmax . Οι τιμές της παραμέτρου που 

υπολογίστηκαν βρέθηκαν ότι είναι πολύ χαμηλές για τις σεισμογενείς ζώνες 2 και 7. Αυτό σε συνδυασμό με τις 
παρατηρήσεις άλλων ερευνητών μας οδηγούν στο συμπέρασμα ότι στις περιοχές αυτές είναι πιθανή η γένεση 
μεγάλου σεισμού. 

KEY WORDS: seismicity parameters, maximum likelihood, Bayesian approach, maximum possible magnitude, 
b-values, Japan. 
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1. INTRODUCTION AND DATA USED 

The available catalogues usually contain two different types of information. These consist of: a) the long 
period (historical) earthquake that is the occurrence over a period of decades or hundreds of years and b) the 
complete instrumental data for the seismicity of the present century. If we only use the complete (instrumental) 
data which are available for relatively short periods of time it is difficult to describe a complete seismic active 
cycle in the seismic hazard analysis. 

In order to raise the reliability of the seismic hazard analysis, Kijko and Sellevoll (1989) introduced an 
alternative method of maximum likelihood, which combines data with different precision (incomplete+complete). 
The complete data allows the possibility to divide the catalogue into different time intervals of different time 
lengths, each assume complete above a specific threshold magnitude. The computations of the method are 

based on assumptions of the Poisson occurrence of main shocks in time with a mean activity rate X and the 

doubly truncated Gutenberg-Richter distribution of earthquake magnitude. 
Later Pisarenko and Lyubushin(1999) considered of a Bayesian estimator in order to estimate the seismic 

hazard parameters in California and Italy. This is a straightforward procedure of estimating the maximum pos­
sible magnitude and the related parameters. In order to check the validity of the results obtained by the ap­
proach of Kijko and Sellevoll (1989), the Bayesian estimator of Pisarenko and Lyubushin (1998) applied. 

The catalogue constructed by Tsapanos et al. (1990) spanning the time-period 1897-1985. This catalogue is 
updated by taking into account the information up to 1996 from I.S.C. bulletins. This original catalogue is modi­
fied in term of magnitudes by considering the magnitudes given by Pacheco and Sykes (1992). Data from 1894 to 
1899 are extracted from Abe (1994) as well as from Abe and Noguchi (1983). So the time period covered in the 
present study is 1894-1996. The time sub-periods for which the catalogue is complete and the corresponding 
lower threshold magnitudes are: 1894-1996 with M>7.0; 1930-1996 with M>6.5; 19953-1996 with M>6.0; and 
1966-1996 with M>5.5. These are derived on the basis of the cumulative time distribution of the number of 
earthquakes with magnitudes larger than a certain value. In Figure (1) the data used for the present study, as 
well as the 11 seimogenic sources in which Japan and the adjacent area is divided by Matsuda (1990), and 
Papazachos et al. (1997). 
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Fig.l. Geographical distribution of the epicenters of the shallow earthquakes and the examined seismogenic 
sources for the broad area of Japan (modified by Papazachos et. al., 1997). 
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2. THE METHOD APPLIED 

Some basic theoretical considerations are given bellow. We assume the Poisson occurrence of earthquakes 
with the activity rate 1 and the doubly truncated Gutenberg-Richter distribution F(x) of earthquake magnitude x. 
The doubly truncated exponential distribution derived from Page (1968) can be written as: 

F(X) = PT(X<X) = A ~ A ( X ) , mmm<x<mmax ( 1 ) 

where 

A, = exp(-ßmmin ), A2 = exp(-/?mmax and A(x) = exp(- /k) 

while mmax is the maximum regional (possible) magnitude, mmin is the threshold magnitude and β is a param­
eter which is related with b-parameter with b=ßloge. As we referred above we involved only with the instrumen­
tal (complete) part of the catalogue. So we can divided the complete catalogue into subcatalogues. Each one has 
its own time period Ti and its completeness starting from a known threshold mi (i=l,2,...,s). The values 

x™in ,x™™ , j=l,2,...,n. denote the lower and the upper bounds of the magnitudes. The symbols s and η are 

defined as the number of complete subcatalogues and the number of the events in each subcatalogue, respec­
tively. The likelihood function of q for each subcatalogue can be written as a product of two functions: 

L,(ô/x () = L f i X L , ( 2 ) 

where χ denotes the (η. X 2) matrix of magnitude values contained in subcatalogue i(i=l,2,...,s). 
From the assumption that the earthquake magnitude χ is a random variable distributed according to the 

doubly truncated Gutenberg-Richter distribution (eqn. l)it follows that the probability of an earthquake having 

p(xmm, xmax ) = ( Amin - Amax ) /(A,,. - A2 ) (3) 

where 

A™" = e x p ( / & m i n ) , A m a x = e x p ( - / k m a x ) , A 2=exp(-/3mm a x),and A„ =exp(-j3m,)for l = l,...,s 

Relation (3) makes Ljb of the form: 

Llß = const Yl p(x™D, x™ ) (4) 

where const is a normalization factor independent of Θ. The assumption that the number of earthquakes per 
unit time is a Poisson random variable, provides: 

La = const exp(-v,7;. )(y.T. )"' (5) 

where const is the normalizing factor: 

v,=A[l-F(m,)] (6) 
and λ is the activity rate corresponding to the threshold magnitude mmin<min(mi), i=0,...,s. This is the math­

ematical model of the two adopted methods and the equations describe above define the likelihood function of 
parameters for each complete subcatalogue (see for details in Kijko and Sellevoll, 1989,1992; Pisarenko and 
Lyubushin, 1999) 

3. RESULTS AND DISCUSSION 

According to Reiter (1990) the maximum regional earthquake magnitude which is the maximum possible 
earthquake that could occur in a given time interval and tectonic regime and defines an upper bound to earth­
quake size determined by earthquake processes. This is primarily used in probabilistic analyses. 

An effort is made to see if these maximum regional magnitudes are related with the observed ones. In Figure 
(2) we plotted with black circles the Mmax obtained by the method of Kijko and Sellevoll (1989), while open 
circles represents the maximum regional magnitude deduced from Pisarenko and Lyubushin (1999). The line of 
the besj fit for the Kijko and Sellevoll (solid line) is of the same slope, as the same line of Pisarenko and Lyubushin 
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(dashed line) with equations: 

M£f= 0.11 + 1.03M£ 
and 

Ml't = 0.05 +1.03M'** 

(7) 

(8) 

where the correlation coefficient for these equations are R=0.92 and 0.97, respectively. This means that 
the maximum observed and the maximum regional magnitudes are in close correlation, although both 
maximum regional magnitudes are higher that the observed ones. The mean error of Kijko-Sellevoll's 
stimates is 0.212+_0.07, while for Pisarenko-Lyubushin's magnitudes the mean error is 0.178+_0.05. 
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Fig. 2. The maximum regional (possible) magnitude for the eleven seismogenic sources of Japan as it is obtained 
from Kijko and Sellevoll (1989)- black circles, and by Pisarenko and Lyubushin (1999)- open cicles. 

In Figure (3) we have plotted all the available maximum magnitudes along the 11 seismogenic zones in 
which the area of Japan is divided. Black circles and solid line represent the maximum observed magnitude, 
while triangles and continues dashed line refer to Kijko-Sellevol results and rhombus and dot-dashed line depict 
Pisareno-Lyubushin estimates. The first look on this plot shows that the conclusion previously derived, that the 
maximum regional magnitudes are higher than the observed, is very clear here. Also the magnitudes obtained 
from Kijko-Sellevoll's method are higher even from those resulted by Pisarenko-Lyubushin's approach. The 
spatial distribution of all kinds of maximum magnitudes adopted in the present work illustrate low values in the 
first source but in the next two sources the values are higher with the first minimum in source 4. Then the 
magnitude values are higher in source 5,6,7, while we observed the second minimum in source 8. In source 9 we 
obtained a maximum value and in 10 we see the last (third) minimum. In the last source (ll)high values of 
maximum regional magnitudes demonstrated. We want to notice here that the seismicity of source 4 for the 
present century is one of the lowers in the examined area But if we took into account the large shock with 

magnitude Mil =8.0 (Usami, 1996) which occurred in 1677 the maximum regional magnitude changed in: 

Mmax=8.28+0.26 (kijko-Sellevoll) and Mmax=8.12+0.13 (Pisarenko-Lyubushin. The advantage of the methods 
used is revealed clearly in this example, otherwise this information will be lost and the seismicity estimation may 
be underestimated. 
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Fig. 3. The maximum magnitude for the 11 seismogenic sources of Japan: observed is represented by black 
circles; regional (possible) is depicted by triangles (Kijko-Sellevoll's approach), while by open circles this 

magnitude obtained by Pisarenko-Lyubushin's method is illustrated. 

Tsapanos (2000) applied Kijko-Sellevoll's approach and found for the whole Japan that Mmax=8.69+.0.60, 
while the estimated b-value=0.92+0,02. Interesting illustration is observed in the spatial distribution of the b-
values (fig. 4) of Gutenberg-Richter relation, along the 11 seismogenic sources of Japan. These values are calcu­
lated from the estimated values of the seismic hazard parameter ß. In this figure we defined by dark circle the b-
value derived from Kijko-Sellevoll's method and with open triangle we present the b-values obtained by Pisarenko-
Lyubushin's approach. Anomalously low b-values observed in sources 2 and 7 and this is inspected in the results 
deduced by both methods applied. The value for source 2 of b=0.51+_0.14 (Kijko-Sellevoll) and b=0.53+_0.11 
(Pisarenko-Lyubushin). The estimated b-value=0.58+0.13 for source 7(Kijko-Sellevoll) and b-value=0.50+0.12 
(Pisarenko-Lyubushin). Results deduced from inversion analysis of GPS data for northeast Japan (Miyazaki et 
al. , 1998) show that the subducting velocity of the Pacific plate off Hokkaido deduced from the plate motion 
model is 7.8 cm/yr. Based on these measurements and on the results derived by his team Ito et al. (2000) sug­
gested a strong interplate coupling which indicates strain accumulation for the next great interplate earthquake. 
This place is coincide with the source 2. The low b-values found in the present study support the previous results, 
for the next great interplate earthquake, obtained by different methods and different authors. Also Papazachos 
et al. (1994) defined for this zone high probability for an earthquake occurrence with magnitude M>7.5 during 
the period 1993-2002. 
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Fig. 4. The b-values for the 11 seismogenic sources of Japan: black circles represent the values obtained by Kijko-
Sellevoll's method, while the open triangles depict the values taken from Pisarenko-Lyubushin's approach. 
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The next very low b-values are observed in source 7. The coupling in this region is estimated (El-Fiky et al., 
1999)as a very strong (95%)one. The distribution of interseismic slip rate on the plate boundary between the 
subducting Philippine sea plate and the continental plate in the southwest Japan is computed (Ito et al., 1999) 
based on the displacement rates obtained from the an inversion analysis for continuous GPS data. The obtained 
results from this research suggested that the deformation of this area does not behave like an elastic body but a 
rigid body. Large crustal deformation in the area of source 7, were also estimated by Hashimoto and Jackson 
(1993). All these measurements with the very low b-values estimated can lead us to the conclusion that this 
source is of high risk for a large earthquake occurrence. Papazachos et al. (1994) estimated for this zone a 
probability of 0.46 for an earthquake occurrence with magnitude M=7.8 during the period 1993-2002. 

4. CONCLUSIONS 

In the present study we apply two approaches in order to estimate the seismic hazard parameters in 11 
seismogenic sources of Japan. The estimated parameters are the M which is the maximum regional (possible) 
magnitude and the b-value obtained through the relationship b=ßloge. The magnitudes M obtained through 
Kijko and Sellevoll (1989) and Pisarenko and Lyubushin (1999) compared with the corresponding observed 
Mmax and both found to be larger that the observed ones. The largest is the one obtained by Kijko and Sellevoll's 
approach. Special interest is given to the spatial distribution of the b-values. Significantly low b-values are 
estimated for the seismogenic sources 2 and 7 which in comparison with other measurements from different 
authors are suggested as zones of high risk and is concluded that both are places for the next large interplate 
earthquake. 
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