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PROBABILITIES OF OCCURRENCE OF LARGE EARTHQUAKES IN VERY
ACTIVE ZONES OF THE EARTH
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B.C.PAPAZACHOS"

ABSTRACT

Analysis of the seismicity in 24 active zones of the world is attempted in terms of the
repeat times of strong earthquakes. A recently compiled homogeneous catalogue of large
earthquakes (M;>7.0), which covers the time span 1898-1985, was used in this analysis. A proba-
bilistic approacﬁ_ is then applied to forecast the likelihood of large future earthquakes in the
world’s seismic zones on the basis of time dependent and time independent seismicity models.
The results obtained in terms of the time dependent seismicity model show very high probabil-
ities of occurrence which can be associated mainly with the dimensions of the seismic zones. The
calculations show that several seismic zones of the globe exhibit high probability to be sources of
great earthquakes (Mg >8.0) during the time period 1986-2006. The highest probabilities were cal-
culated for the zones 11 (:North Japan), 15 (:Philippines Islands), 16 (:Guinea) 17 (:Solomon
Islands), 22 (:East China) and 23 (:Himalayas). Very large (Mg>7.5) earthquakes which occurred
during 1986-1991, are given as evidence, in order to establish tie obtained probabilities.

NEPIAH®H

21NV EPYACia autn YiVETal HEAETA TNG OEICUIKOTNTAG 22 OEIOUIKWY JWVv TNg NG e
ToV KaBOPIoUO TNG PEONG NEPIODOU EPPAVIONG TWV IOXUPWY CEIoUWY. Ta 5850|J€VCI nou Ypnoi-
HomoNBnKav ATAvV €vag OUOYEVAG KATaloyog loxupv (Mg>7.0) oelapuv o onoiog Arav
nAPNG yia To PEyeBog QuTod yia To SiaoTnua 1898-1986. ‘frn OuvEyeia EYIVE Tipoanadeia
MPOYVWONG TWV IOYUPWY OEICPWV OTIC 22 OEIOUIKEG JWVEG PE TN YPROT TOU XPOVIKA
€£apTNUEVOU Kal Tou pi EEAPTNUEVOU XPOVIKA HOVTEAOU OEIOUIKOTNTAG Kal napouaiaZovial
Ta anoreAéopara Toug yia To poviko Bigotnua 1986-2006. Ta amoreAéuara Seixvouv ol
GPKETEG NEPIOYEG TNG NG EYOUV UYNAEG MBAVOTNTEG YIa T YEVEON peyaMwv (Mg>8.0)
OEIOPWV Yia To SiaoTnua autd. To Ypovika eEapTnUEVO PHOVTEAO OEIOUIKOTNTAG BiVEl UYNAEG
TIUEG O OMOIEG HTOPOUV va anoBoBouv oTig PHeyaieg SIGOTATEIG TWV CEIOMIKWV Jwvav. O1 uyn-
Aotepeg mBavoTnTe ( We Baon 1o povieAo Poisson) BpeBnkav yia Tig nepioyeg 11 (:Bopeia
lanwvia), 15 (®nmiveg), 16 (:Touvea), 17 (: Nnoia Zolopvra), 22 (:Avarolixn Kiva) kai 23 (:I-
paraia). Tédog, evBeikTIKG, BiveTal YapTng Twy peyaiv (Mg>7.5) osiopav of onoiol Eyivav
Kara ro digotnua 1986-1991.

INTRODUCTION
. Different methods of analysis have been applied by the seismologists, in order to study
the seismicity of the Earth (Gutenberg and Richter, 1954; Duda, 1965; Ulimann and Maaz,1966;
Kamik, 1969, 1971; Kaila and Narain, 1971; Mogi, 1974; Bath and Duda, 1979; Tsapanos, 1985,
1988; Papazachos, 1990; Tsapanos and Burton, 1991).
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Qualitative methods, as well as quantitative techniques have been applied for the seis-
micity parameters determination of a given region. Common quantities which are depending on
the magnitude and on the frequency of earthquakes and thus they could be considered as
measures of the seismicity, are the annual number N(M) of the earthquakes with magnitudes
greater or equal to a given value M, the sum of the energy, the slope of Benioff graph, the M_ .
observed and the mean repeat times T_ of the shocks.

In recent studies (Rikitake, 197@ Shimazaki and Nakata, 1980; Sykes and Quittmeyer,
1981; Goswami and Sarmah, 1983; Wesnousky et al., 1584; Srivastava and Dattatrayam, 1986,
Papazachos et al., 1987) mean repeat times have been used to examine the seismicity of
various seismically active regions of the world.

The repeat times of great earthquakes in 22 active seismic zones of the world, deter-
mined here, were used for the probability estimation of the occurrence of big earthquakes
during the time period 1986-2006.

THE DATA SET

This study is restricted only to large shallow (h<60 Km) earthquakes which occurred
along maijor seismic zones. Practical reasons led us to use data of earthquakes with mag-
nitudes Mg >7.0. This magnitude interval puts a condition that our considerations must cover a
long time of recorded earthquakes.

Five sources of data were used for the compilation of a catalogue which forms the data
set of the present study: 1) The catalogue of earthquakes of Duda (1965), which gives informa-
tion on earthquakes that occurred from 1897 to 1963, 2) the catalogue of Kanamori and Abe
(1979), which gives information on earthquakes that occurred from 1897 to 1903, 3) the
catalogue of Gutenberg and Richter (1954), which gives the parameters of the earthquakes
from 1904 to 1952, 4) the catalogue of Rothe (1969), which informs about the parameters of the
earthquakes occurred from 1953 to 1965. The magnitudes in these catalogues are given in the
surface wave magnitude scale. The last catalogue used is a global catalogue of strong
earthquakes during the time period 1966-1985 (Tsapanos et al.,, 1990). The magnitude of the
earthquakes in the last catalogue was the surface wave magnitude, obtained mainly from the
ISC bulletins or in few special cases from bulletins issued by other seismological centres.
These catalogues were merged in one and the data were found complete for magnitudes
M¢>7.0 for the time period 1898-1985 (Papazachos et al., 1991).

The map in figure (1) shows the geographical distribution of the epicenters of large shal-
low earthquakes (M. >7.0) on the Earth during the time period 1898-1985. The examined seis-
mic zones are also Iﬁ_trated in this figure.

MEAN REPEAT TIMES

For each seismic zone the observed repeat time, T _, (as a difference in years between
successive events), was calculated for all earthquakes of each magnitude class (differing by 0.1
magnitude vaiues) and its logarithm was plotted versus the corresponding magnitude vaiue.
Figure (2) demonstrates plots of the logarithm of the mean repeat time, T_, in years, as
derived directly from the observations, versus the surface wave magnitude ﬂ for shallow
earthquakes which occurred in three seismic zones (Aleutian Islands, Chile and f’hlllppines Is-
lands). Such plots were producad for every zone and in all plots the linear trend was evident.
For four of them, the zones 6 (:Peru), 13 (:Marianes Islands), 19 (:Kermandec & Tonga lslands)
and 20 (:New Zealand), the available dala were insufficient.

Return periods, T, and magnitudes are related in the following way:

logT, = a + bMg (1
The straight lines, drawn through the observations in the graphs of figure (2), were determined

by the application of the least squares’ mhodfmmodotmrﬁmﬂmdﬂupumm:mb
of the formula (1). Their values are presented in Table (1)
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Fig. 1.- Geographical distribution of the epicenters of large (M>7.0) shallow earthquakes on the whole Earth
during the time period 1898- 1985.
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Fig. 2.- The quarithm of the mean repeat time, versus surface wave
magmgude, Mg, for the seismic zones 1 (-Aleutian Islands),
7 (:Chile) and’15 (:Philipinnes Islands).
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Table |. Computed values of the parameters a and b of the relation (1) for every zone.
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Seismiczone a b
1 -6.02 0.91
2 -5.04 0.78
3 -5.34 0.86
4 -7.07 1.04
5 -6.52 0.97
6 insufficient data
7 -5.36 0.81
8 -4.73 0.78
9 -4.25 0.68
10 -3.31 0.63
11 -5.79 0.86
12 -4.40 0.70
13 insufficient data

Seismiczone a b
14 -6.03 0.92
15 -6.89 0.99
16 -8.97 1.30
17 -2.71 0.45
18 -5.50 0.84
19 insufficient data
20 - insufficient data
21 -3.42 0.57
22 -5.16 0.77
23 -3.92 0.62
24 -5.73 0.92
25 -5.01 0.82
26 -4.72 0.76

peat time were plotted as a function of magnitude. Figure (3) shows ti-a plot of the logarithm
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Fig. 3. - Plotofthe logarithm of the error in the calculation of
the repeat time versus its corresponding magnitude.
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of the observed standard deviation of the repeat time, log o(T ), versus its corresponding mag-
nitude, Mg, showing a linear trend of the observed data points. Thus the following relation was

determined in the least squares’ sense .
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Fig. 4. - Probability map for the occurrence of shallow earthquakes with M.>8.0 in the period 1986-2006. The
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Fig. 5. - Map which shows the occurrence of earthquakes with M > 7.5 during 1986-1991. For every occurred
event, its magnitude and the last two digits of the year otsits occurrence (into brackets) are given.
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DISCUSSION

There Is a long discussion on the results obtained in terms of the time dependent as well
as of the Polsson seismicity models.. In most cases It was found that the time dependent seis-
micity model gives more reasonable results. Moreover, the time dependent seismicity mo- del
has a more physical meaning than the memoryless seismicity models (Anagnos and Kiremid-
jian, 1984; Cornell and Winterstein, 1988), but it must be considered that this observation as
well as the reliability of the results are valid if i we involve in forecasting earthquake magnitudes
of the order of the gharacteristic earthquake in seismic zones having dimensions comparable to
the source dimensions of the characteristic shock and il) the time lag since the last earthquake
does not exceeds the average time (+ 10). This can explain the fact thatin the present study In
most cases the estimated probabilities, in terms of the time dependent seismicity model for
earthquakes with magnitudes M¢>8.0 are high. The map in figure (4) depicts the probabillity of
a selsmic zone to be experlenced an earthquake with Mg>8.0 during the time interval 1986-
2006. The results were obtained in terms of the Poisson seismicity model. The highest probabil-
ities were calculated for the zones 1 (:Aleutian Islands), 2 (:Alaska), 4 (:Mexico}, 7 (:Chile}, 9
(:Kamtchatka), 10 (:Kuriles Islands), 12 (:South Japan), 14 (:Taiwan - Riuku), 18 (:New
Hebrides Islands) and 21 (:Sunda arc). It is important to note the case of the zone 4 (:Mexico),
for which the time dependent seismicity model gives more realistic results than those obtained
in terms of the Poisson model.

As an evidence of the above considerations, the map in figure (5) was constructed
depicting the zones In which earthquakes with magnitudes M. >7.5 occurred during the time in-
terval 1986-1991. The data sources are the ISC bulletins andsihe NEIC/PDEs. For every shock
the surface wave magnitude and the year of occurrence are given.
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