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ABSTRACT 

A quantitative measurement of the seismicity is undertaken along the seismogenic sources of the south and 

central America, as well as of Japan, Taiwan and Philippine islands. The mean return period, Τ , is considered 
as measure of seismicity. For this purpose the whole process (method of mean value) and the part process (first 
asymptotic distribution of Gumbel's extreme values) techniques are adopted. The seismicity is evaluated for 
both shallow and intermediate focal depth shocks which occurred in the examined sources. The a and b values of 
the magnitude-frequency relationship are estimated for each source. The obtained results show that large well-
define zones of the mean return periods are dominated in the central and south America, while this is not so 
strong in the areas of Japan, Taiwan and Philippine islands, which probably due to the different tectonic setting 
of the areas (Tsapanos, 1990). 

ΣΥΝΟΨΗ 

Η σεισμικότητα των σεισμογενών πηγών στις οποίες έχουν χωριστεί η κεντρική και νότια Αμερική, η Ιαπωνία, 
η Ταϊβάν και οι Φιλιππίνες, μελετάται στην εργασία αυτή από ποσοτική άποψη. Σαν μέτρο σεισμικότητας 

θεωρήθηκε η μέση περίοδος επανάληψης, Τ , των σεισμών. Οι μέθοδοι που χρησιμοποιήθηκαν ήταν δύο: η 
μέθοδος της μέσης τιμής και η μέθοδος της πρώτης ασύμπτωτης κατανομής των ακραίων τιμών. Εξετάστηκαν 
τόσο επιφανειακοί όσο και σεισμοί ενδιαμέσου βάθους των σεισμογενών πηγών. Οι γνωστές παράμετροι a και 
b της σχέσης της συχνότητας κατανομής των σεισμών υπολογίστηκαν για κάθε σεισμογενή πηγή. Βρέθηκε ότι 
οι τιμές της μέσης περιόδου επανάληψης σχηματίζουν μεγάλες ζώνες από επικρατούσες τιμές στην κεντρική 
και νότια Αμερική, ενώ αντίθετα κάτι ανάλογο δεν εμφανίζεται στην άλλη πλευρά του Ειρηνικού και 
συγκεκριμένα στην Ιαπωνία, στην Ταϊβάν και στις Φιλιππίνες, που πιθανότατα οφείλεται στην διαφορετική 
τεκτονική συμπεριφορά τους (Tsapanos, 1990). 

KEY WORDS: seimicity, mean return periods, Japan, Taiwan, Philippine, central and south America, method 
of mean value (M.M.V.), Gumbel (GI). 

1. INTRODUCTION AND METHOD APPLIED 

Quantitative methods have been applied over the last decades to estimate the seismicity of an area. Com­
mon methods used in these analyzes are the whole (method of mean value-M.M. V.) and the part (G1) processes. 
One of the ways for characterizing the seismicity of a region is through the study of its magnitude distribution in 
the time domain. The classical magnitude-frequency relationship suggested by Gutenberg and Richter (1944) is 
still the most commonly used: 

LogNk=ak-bM (1) 

where N, is the number of earthquakes greater or equal to M which occur in a region during a given time 
period in relation to their magnitudes, M; and k is the number of years covered by the data sample. A large 
number of studies based on the well known Gutenberg-Richter's (whole process) parameters, a and b are 
published (Gutenberg and Richter, 1954; Papazachos et al., 1987; Hatazidimitriou et al., 1994; Tsapanos and 
Papazachos, 1998; Manakou and Tsapanos, 2000). 

Alternatively, the first asymptotic distributions of extreme values of Gumbel (part process) have also proved 
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useful in evaluating the seismicity. The first asymptotic distribution of the extreme theory (Gumbel, 1958) is 
defined by: 

0I(M)=exp(exp(-a(M-u))), M>0 (2) 

Several, out of many seismologists evaluated the seismicity through first asymptotic distribution which has 
the advantage that it does not require analysis of the whole data set (Epstein and Lomnitz, 1966; Yegulalp and 
Kuo, 1974; Makropoulos, 1978; Burton, 1979; Papaioannou, 1984; Tsapanos and Burton, 1991; Boomer et al., 
1998). Epstein and Lomnitz (1966) assuming a Poisson distribution for the number of earthquakes with magnitudes 
exceeding zero in a year, found that the largest annual earthquake magnitude is distributed with the following 
cumulative distribution function: 

G(M)=exp[-aexp(-ßM)], M>0 (3) 

where G(M) is the probability that an earthquake magnitude is M or lesser in a year. 
The expected time interval for occurrence of one earthquake with magnitude greater or equal to M is 

defined as the mean return period, Τ (in years), which is given by: 

a) whole process Τ = (4) 
Ν 

and b) part process T(M) = (5) 

where [1-Φ(Μ)] is the probability that an earthquake magnitude will be exceeded. The equations (4 and 5) 
are used in order to compute the quantitative seismicity of the seismogenic sources in which Japan, Taiwan, 
Philippine, central and south America are pre-divided (Papazachos et al., 1997). In figure (1) the seismogenic 
sources and the epicenters of earthquakes considered for the present study are depicted. 

2. THE DATA SET 

The fundamental requirement of the earthquake catalogue used in such studies is that it ought to be com­
plete and homogeneous, that is, the data set must include all earthquakes of a certain time period with magnitudes 
larger than a certain cut off value and the magnitudes must be in the same magnitude scale, respectively. Moreo­
ver the data used must be accurate and have a rather big number of events. In order to obtain data which fulfill 
the predefined conditions we used all the available global catalogues (Tsapanos et al., 1990; Pacheco and Sykes, 
1992; Abe 1994. In order to enrich our data set with more data the I.S.C. bulletins considered, for the time span 
1991-1996. The accuracy of each catalogue is given, and the homogeneity is fulfilled by the acceptance of the 
surface magnitude (Ms) scale. So we have to deal carefully with the completeness because the sample of each 
source is not complete, due to various reasons. Several tests are performed to check the completeness of the 
data, for several time periods, on the basis of the cumulative frequency distribution of the magnitude Ms, and the 
cumulative time distribution of the number of earthquakes with magnitudes larger than a certain value (Tsapanos 
and Papazachos, 1998). The completeness of some selected source is listed in Table (1), as an example. Our data 
cover a time span of 103 years (1894-1996). 

In order to increase the number of data used in each time period and extend the curve derived from equa­
tion (1) to lower magnitudes, the frequencies of the magnitude for which the sample is not complete have been 
reduced to the interval of 103 years. In order to accomplish this procedure we follow the equation: 

y = V

K i= l ,2 ,3 ,4 (6) 
K, 

where V is the number of earthquakes with magnitude M, which are observed during a time span of K, years 
and Vk, is the reduced number of the shocks for another time period Κ which is the total number of years for 
which data are available (103 for our case). 
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TABLE 1. The completeness obtained and used in order to evaluate the seismicity of the examined sources. The 
completeness, of the corresponding sources of figure (2), is listed. 

SA-7 J-5 PH-17 DCA 

1899-1996, M>7 . 0 1895-1996, VStl. 1 1903-1996, M>7 . 0 1911-1996, M>7 . 0 

1963-1996, M>6.4 1930-1996, M£6.7 1957-1996, N£6.0 1937-1996, M>6.5 

1980-1996, M>5.5 1956-1996, M>6.0 1965-1996, M£5.5 1955-1996, M>6.0 

1983-1996, M>5.5 

Conditions are considered in order to check the reliability of the results. These are: a) the difference be­
tween the maximum and the minimum magnitude in the data set is greater than or equal to 1.4 (Papazachos, 
1974); b) the number of [LogN-M]pairs must be 5 or larger (Hatzidimitriou et al., 1994) and c) missing years 
(only for G1 method) must be <?5% of the total entries (Burton, 1979). In figure(2a)we plot the LogN against M 
(through M.M. V), while in figure (2b) we plot (using the G1 method) the Log(-lnG) versus M, for some seismogenic 
sources. 

3. RESULTS AND DISCUSSION 

We check first how sensitive are the b-values obtained by both methods. For this purpose we plot (fig. 3) 
the difference between the b-values estimated by whole and part processes (M.M.V.- G1) against the corre­
sponding seismogenic sources. The sources 1 to 41 belong to shallow shocks, while the rest sources represent the 
intermediate events. Individual large differences are observed for some sources, but the mean, of all calculated 
differences (separately shallow and intermediate), is negligible. Then we examined separately the b and the a 
values deduced from M.M.V. and G1 methods. In Figures 4 (a and b) we plot the b and the a values estimated 
from G1 against M.M.V. Circles represent the observations of the sources (both shallow and intermediate), 
while with rhombus we illustrate the mean of b and a values with a step 0.1 and 0.5, respectively. As it is shown 
in both figures the least square lines of the means of b and a coincided with the mean line Y=X. The dash line 
shows the least square line of the individual observations. These lines (figs. 4a and 4b) show a trend that the 
values derived by G1 technique are underestimated in comparison with those obtained through the method of 
the mean value. 

We apply then the equations (5 and 6) in order to obtain the mean return periods of the seismogenic sources. 
As we previously mentioned we used this quantity as a quantitative measure of seismicity. The results are grouped 
in 4 categories. We computed the mean return periods for both magnitudes M>6.5 and M_>7.5. The seismic 
sources in which the examined areas (Central and South America, Japan-Taiwan and Philippine islands) are 
divided, based on various criteria, taken from Papazachos et al. (1997). We believe that the shape of the 
seismogenic sources does not influence much the obtained seismicity results. On the other hand, this can affect 
the seismic hazard estimators. We observed (fig. 5a) that either for magnitude M_>6.5 or M>7.5, from M.M.V., 

large zones of same estimates, which are clearer in central and south America with small Τ values (lower to 5 
years), which means sources of high seismicity. On the other hand in Japan, Taiwan and Philippine islands (fig. 

5b) we can inspect values of Τ within the interval (group) 5 to 10 years, although a number of exceptions exists. 
Another observation for magnitudes M>7.5 in this area reveals that some of the sources are empty, which 
means that either the largest observed magnitude is lower than 7.5, or this is due to the fact that for estimating 

the value ( Τ or T(M)). We dealt with data coverage which are lesser than the return period of large earth­
quakes. Recurrence time of such large earthquakes ranges between 130-400 years (Rikitake, 1976; Nishenko, 
1991; Scholz, 1994). We see that the observed pattern and particularly the one for erathquakes with magnitude 
M>7.5, is in good aggreement with the results obtained by Tsapanos and Papazachos (1998). We then follow the 
same procedure for the G1 method. The general pattern for central and south America is almost the same in 
comparison with M.M.V. Large zones (M>_6.5) with values between 5 to 10 years covered almost the whole 
south America, but also different groups (values lower than 5, 10 to 20 years, as well as lower than 35 years) 

observed (fig.6a). Well-defined zones of same Τ (different from those evaluated before) are also formed when 

we dealt with M>7.5. In figure (6b) the sources of Japan, Taiwan and Philippines are depicted. We can't ob­

served any clear pattern for both magnitudes examined, M_>6.5 and M>7.5. Sources of different Τ values are 

mixed demonstrated in this way zones of low or/and high seismicity. 
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Fig. 1. Geographical distribution of the epicenters of: a) shallow earthquakes in central and south America; b) 
intermediate depth events in the same area; c) shallow earthquakes in Japan-Taiwan-Philippines; and d) 

intermediate depth shocks in the same area. The borders of the sources are also depicted. 
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Fig.2. The frequency-magnitude distribution for three sources of shallow and one of intermediate focal depths. 
a)Gutenberg-Richter law (plot ofLogN-M) and b)Gumbel (I) distribution [Log(-lnG)-M]. 
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Fig.3. The difference ofb values (M.M.V-G1) versus the seismogenic sources. Source 1 to 41 belong to shallow 
depth shocks, while 42 to 48 belong to intermediate depth events. 
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Fig.4. Plot of (a): b-values estimated by both methods and (b) α-values obtained by the application of both 
methods. The least square lines of the means b-values and a-svalues coincided with the mean line Y=X. 
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