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Abstract. Northeast India and its vicinity is one of the seis- 1 Introduction
mically most active regions in the world, where a few large
and several moderate earthquakes have occurred in the pa&eid (1910) has given a theory for the earthquake cycle (pe-
In this study the region of northeast India has been considfiodicity) called elastic rebound theory. According to him,
ered for an earthquake generation model using earthquakdue to continuous loading motions on fractured rock, strain
data as reported by earthquake catalogues National Geophyaecumulates on either side of it. When strain reaches a crit-
ical Data Centre, National Earthquake Information Centre,ical value (elastic limit) the frictional resistance is overcome
United States Geological Survey and from book prepared byby a fault, and then the displacement on two sides of the fault
Gupta et al. (1986) for the period 1906—-2008. The eventdakes place towards a position of minimum strain resulting in
having a surface wave magnitude &£ > 5.5 were consid- the occurrence of an earthquake. Again, the accumulation of
ered for statistical analysis. In this region, nineteen seis-strain begins for a future earthquake in the same fault after
mogenic sources were identified by the observation of clusteleasing the stored strained energy during the earthquake.
tering of earthquakes. It is observed that the time intervalThis periodical nature of faults becomes an important fac-
between the two consecutive mainshocks depends upon ther for the prediction of earthquakes. The time-independent
preceding mainshock magnitudazf) and not on the fol- models assume that seismicity does not change with time but
lowing mainshock ##;). This result corroborates the valid- only with space. Most of the studies related to seismicity and
ity of time-predictable model in northeast India and its ad- seismic hazard assessment are based on time-independent
joining regions. A linear relation between the logarithm of models (Papazachos et al., 1994). These models are based on
repeat time T) of two consecutive events and the magni- the Poission distribution for time and Gutenberg-Richter for-
tude of the preceding mainshock is established in the formmula for magnitude distribution. The researchers worked for
LogT =cMp+a, where ‘¢” is a positive slope of line and and searched for a time-dependent seismicity model to fulfill
“a” is function of minimum magnitude of the earthquake the limitations and inadequacy of independent models. Dur-
considered. The values of the parametersand “a” are ing the last three decades, several attempts have been made
estimated to be 0.21 and 0.35 in northeast India and its adto assess time-dependent seismicity models. This attempt led
joining regions. The less value of ¢ than the average impliego the conclusion that repeat times for earthquakes occurring
that the earthquake occurrence in this region is different fromin single fault or plate boundaries support time-predictable
those of plate boundaries. The result derived can be used fanodels.
long term seismic hazard estimation in the delineated seis- Two time-dependent seismicity models have been pro-
mogenic regions. posed by Shimazaki and Nakata (1980): the slip-predictable
model and the time-predictable model. With these models,
the size and time of occurrence of future earthquakes can be
predicted. Later on, the time-predictable model was mod-
ified (Sykes and Quittmeyer, 1981; Anagnos and Kiremid-
jian, 1984; Papazachos, 1989, 1992) and the slip-predictable
Correspondence tdD. Shanker model (Kiremidjian and Anagnos, 1984). Earthquake gener-
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the stress has reached a fixed, limiting value. Similarly, in
the case of the slip-predictable model, the time interval be-
tween two, successive, large earthquakes is proportional to

Earthquake Recurrence Model

T
= W 2 the slip amount of the next large earthquake. In general, only
2T £ the size of a future earthquake can be predicted by the slip-
v e— > predictable model and only the time of its occurrence can
o be predicted by the time predictable model. Several scien-

tists have applied this model (Mogi, 1985; Papazachos, 1989;
Shanker, 1990; Shanker and Singh, 1996, 2007; Paudyal
et al., 2008) at different seismogenic regions of world. In
the present paper, we are testing the validity of the time-
predictable model for earthquake generation in northeast In-
Time dia and its adjoining regions.
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Fig. 1. Earthquake Recurrence Modééa) time-predictable model
showing stress buildup to a certain valug)(and non-uniform  An area bounded by 2632 N and 88—98° E has been con-
stress drop; an(b) slip predictable-model illustrating non-uniform  sigered in this study. The region includes the northeast Indian
strt_ass buinIup and stress drop to a certain minimum vap)edfter Himalaya, Bhutan, Bangladesh, Burma and southern Tibet.
Shimazaki and Nakata, 1980). The region is in the eastern part of the Himalayan belt situ-
ated at the boundary of the Eurasian and Indian plates. The
region consists of several higher peaks, thrusts, faults and
These models are used by several researchers for earthquaji§eaments. The region is seismically active and posseses a
prediction at different seismogenic regions of the world. Yet, complex geological and tectonic setup. Several researchers
several studies have shown that the time-predictable mOdet'Evans, 1964; Desikachar, 1974; Nandy, 2001; Acharyya,
was found fgr petterfor seismic hazard_estimafcion and earth2005, and others) have explained the geology and tectonic
quake prediction compared to the slip-predictable modelgpironment of the region in their important publications.
(Sykes and Quittmeyer, 1981). The earthquake data are compiled using the earth-
After lengthy work in the field of earthquake recurrence gyake catalogues of the National Geophysical Data Center
models, the researchers have developed another model caIIQgGDC)’ Colorado, National Earthquake Information Cen-
the magnitude-predictable model. This model gives the relatg, (NEIC), USGS (United States Geological survey), and
tion between the magnitudes of the preceding and the folySc (International Seismological Centre). Similarly data are
lowing earthquake and indicates that the larger the magnitaken from the book Seismicity of Northeast India by Gupta
tude of the preceding mainshock, the smaller the magnitudeyt g1, (1986). Earthquake data has been considered for the
of the following mainshock (Papazachos, 1992). Soon aftelheriod 1906-2008 in this study. The magnitudes given in
this, the time-predictable and magnitude-predictable mOd‘body wave magnitudes{,) were converted to surface wave
els were combined to a single one called the regional timemagnitude and events were considered for the surface wave
and magnitude-predictable seismicity model, which holds formagnitude ofMs > 5.5. The seismogenic sources of north-
seismogenic regions (or sources) including the main fault ancyast India and its adjoining regions were divided into nine-
other smaller faults (Papazachos and Papaioannou, 1993). teen zones for eventis > 5.5, considering the criteria de-
The earthquake recurrence models were proposed basefigned by Papazachos (1989): seismicity status, faulting na-
on Reid’s concept of the elastic rebound theory, i.e. that sucture, geological environment and clustering pattern of events
cessive earthquakes occur when stress reaches a critical valgeig. 2). Most of the sources consist of at least one main-
in a fault of seismogenic sources. Figure 1 shows the two levshock with magnitudes > 7.1. The seismogenic sources
els of stresses; andry, upper and lower level, respectively. are separated by shaded elliptical boundaries.
These stresses are responsible for controlling the behavior of Two sources 1 and 2 have been identified in southern Ti-
afaultin the earthquake generation process. Whésicon-  bet i.e. to the north of ITS (Indus Sangpo Suture). No major
stant, the model is said to be time predictable (Fig. 1a). Infaults/lineaments appeared in these sources. The orientation
this case, stress drop changes to different shocks. Whien  of these sources are along the NE-SW of major axis of the
constant, the model is said to be slip predictable. In this casegemarcated elliptical bound. Source 2 is related to a great
earthquakes start at variable states of stress (Fig. 1b). earthquake of a magnitude of M 8 of 1951. Source 3 situ-
In the time-predictable model, the time interval betweenated just south of the eastern part of ITS, consists of events
two large earthquakes is proportional to the slip amount ofof magnitude below/s < 6.0. Sources 4, 5 and 6 are situated
the preceding earthquake and a large earthquake occurs whgust north or at the MCT (Main Central Thrust). The region
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EY y - ’ - - - T T W w Southeast Asian plate due to the northeastward motion of In-
I ’..,..Q-z' Flometers dia (Desikachar, 1974). This region has suffered about 10
T e : large earthquakes\{ > 7.0) during the last 100 years. The
Indo-Myanmar Border Earthquake of 1988 with a magnitude
of M 7.8, occurred in the source 10. Source 13, situated at
volcanic line , has a large number of earthquakes. This re-
gion is also seismically active in northeast India. Source 17
is affected by the Tapu thrust. Source 18 lies at the central
Burma and source 19 near to Arakan Yoma are also seismi-
cally sensitive.

3 Methodology applied and calculation

The relation of repeat timd() between two successive main-
shocks in a region to the magnitude of the preceding main-
shock,Mp, is represented in the form of

LogT =cMp+a 1)

where the constantis the gradient of least square line with
a positive value and is a constant function of the magni-
tude. These constants depend upon the nature of the source.
Since the preceding magnitude &f, is linearly related to
the logarithm of the coseismic slip, Eq. (1) indicates that the
time between the two successive main shocks in a seismo-
genic source is linearly related to the coseismic slip of the
previous main shock. It supports the time-predictable model,
Fig. 2. Earthquake plots witl/s > 5.5 for the period 1906-2008 in  \yhich predicts that the inter-event time is proportional to the
northeast India apd its adjqining regions with nineteen sei§m0geni%oseismic slip of the last main shock (Shimazaki and Nakata,
sources over major tectonic featuresf o_f the area. 1_'he selsmogenfgso)_ The repeat timd;, shows a variation from one source
sources are separated by shaded elliptical boundaries. to another source due t;), a difference in the value &for the
validity of the time-predictable model established for a re-

] ) ) o ) ion the value ot, the coefficient ofVp, is always positive
near this thrust is said to be seismically active. Sources 4 anaQin et al., 1999). The worldwide value of this coefficient
5 contain fewer earthquakes while source 6 consists of alargg,s peen calculated as 0.33 (Papazachos and Papadimitriou,
nu.mb'er of events with varying magnitudes; these SOUrCes arggq7). Similarly the regional value effor northeast India,
seismically active. Source 7, situated between the Mishmig eece Aegean area, the western coast of South and Central
and Lohit thrusts, is a seat of the great Assam earthquake. I§ merica and for Nepal Himalaya is estimated to be as 0.36,
occurred on 15 August 1950 and its magnitude M was 8.70_32' 0.35, 0.21 and 0.32, respectively.

It caused _great. d_estruction throughout Upper Assam, Abor The seismic momentyl, (moment released), for an indi-
and the Mishmi hills of the state of Arunachal. About 1520 ;4,4 earthquake in the sequence is planned from the sur-

people'were. k|||eq by this egrth.quake. The thrusts asSOClface wave magnitude using the following relationship (Pur-
ated with this region are seismically active. Source 8 lies.ar, and Berckhemer, 1978):

at the western part of Shillong Plateau, where there are sev-

eral faults and thrusts, such as the Dauki fault, Dhubri fault, .09Mo = 1.5Ms+16.1

Brahamputra fault and Dapsi thrusts, which are seismicallySimilarly, the moment magnitudel,, (cumulative magni-
active. In this region, the Dubri earthquake of 1930, havingtude), for all the considered events in the sequence is derived
a magnitude of M 7.1, occurred. Source 9, just south of theysing the relation given by Hanks and Kanamori (1979):
Shillong Plateau, is seismically active due to the presence
of the Sylhet fault with the Tripura folded belt. This source My =2/3logM, —10.7

has earthquakes with magnitudes of less than 6.5. This refo find the preceding and following mainshockepmi, is
gion is the seat of the Cachar earthquake of 1984 with econsidered in each source. Calculated valuesgf,, Mp,
magnitude of 5.8. Sources 10, 11, 12, 14 and 15, situated/; (following mainshock),T (repeat time) are given in Ta-

in Indo-Burman Ranges, consist of large numbers of earthble 1. The following method is used to find the above pa-
quakes of varying magnitudes. In this region, seismicity isrameters. The sixth column of Table 1 represents cumula-
related to the subduction of the Indian plate underneath thdéive magnitude. In the calculation, we have considered the
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The data given Table 1 were used to find the linear relation
between lo@ and M,

LogT =cMp+a (2)

The correlation coefficient of the above equation is 0.50. The
value ofc is affected by botlx and M, considered in each
case. Therefore, to reduce Bdhe value of constant was
calculated by using = 0.209 for all available data df and

Mp, from Table 1. Then, the average valyg was calculated
for all a. By applying the same method, different values of
anmn Were calculated corresponding to the different sets of
Mmin andT and averagey,,,, was determined. The differ-
ence ofa,, — a,, was added to |of to obtain

LogT* =logT +a,, — dmn 3)

WhereT* gives the average time of the event for all the ses-
imogenic sources.

Figure 3a shows the plotting of lof* and My with re-
gression line equation

LogT™* =0.21M,—0.35 ()

The correlation coefficient of the equation of the above equa-
tion is 0.51. This equation reveals that the average repeat
time increases with the increase of valueMj. This means
that the time-preditable model is valid for the region of north-
east India.
The linear relation derived between LB@nd M, shows
the applicability of the time-predictable model in the con-
sidered region. This relation can be used for the estima-
tion of the recurrence period of earthquakes in seismogenic
. . (c) sources in northeast India and its vicinity. Thus, this re-
* * . * * ' ! sult becomes helpful for long-term earthquake prediction and
5.4 6.4 M, 74 8.4 . L o . .
time-dependent seismic hazard evaluation in the region. This
model would be more fruitful if a sufficient amount of reli-
able seismicity data were available for the region.

Fig. 3. Plot of T* (repeat time) agains (the preceding main-

shOCk magn't.Ude) andf (the_ fo"f)W'ng ".‘a'”s"PC" magnitude) Again, the same database and method was applied to ob-
with their estimated regression lines (with residualand stan-

dard deviationg . All earthquakes are considered in par(@jsand tain the relatlon_betweefﬂ and the f_ollovymg malnsho_ck
(b), whereas in pandt), the associated aftershocks and foreshocksMagnitudeM; (Fig. 3b). The regression line was obtained
were excluded. as:

LogT* = —0.08M; +1.68 (5)

completeness of data as M 7.5 for 1897, M 6.5 for 1930 andThe above equation has a smaller correlation coefficient than

M 5.5 for 1950. For source 1, 7.1 (1934), 6.3 (1980) and0'15' The negative slope graphically indicates that less
5.7 (1996) are cumulative mag’nitudes Hel’,elfﬁﬁin=5 7 time is needed for a large forthcoming earthquake, which is
there are two earthquakes (in 1980 and 1996) and one,repef;ifmten_tioUS to sli_p-predictzal_ble model. '_I'he slip-predictable
time with preceding and following mainshocks. So, for this model is not applicable (valid) to the regions considered.
case precedingf,, and following Ms, the magnitudes are 6.3 Another regression line was obtained from the same data
and 5.7 respectFiJver with return periods of 16.36%).(In set and the procedure excluding foreshocks and aftershocks
this source we cannot consider the earthquake of a magnituo‘?—:S (Fig. 3c);

of 7.1 (1934) for deter'mininglp andM; because it occurred LogT™* = 0.20M, — 0.19 (6)
before 1950 (due to incompleteness of data). Same proce-

dure was adopted for all the sources to estimate the aforewith the correlation coefficient 0.49. The statistical analyses
mentioned parameters. and interpretation of these equations derived and plotted in
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Table 1. Earthquake Data having a magnitude M§ > 5.5 used for testing the validity of Time- and Magnitude-Predictable Model;
a = aftershocks, f=foreshocks, M = cumulative magnitude.

Seismogenic Date Location Ms My Mmpin Mp M T
sources dd.mm.yy LatN Long.°E (years)
NEI-1 15.12.1934 31.3 89.3 71 7.1 5.7 6.3 5.7 16.36
03.01.1935 30.5 88.0 6.5 a
22.02.1980 30.6 88.6 6.3 6.3
03.07.1996 30.1 88.2 55 57
25.08.1998 30.3 88.2 5.5 a
NEI-2 17.11.1951 31.0 91.6 6.8 f 5.8 8.1 58 20.68
18.11.1951 30.9 915 6.3 a 5.8 58 59 2049
18.11.1951 31.1 91.4 80 8.1 5.8 59 6.3 15.72
18.11.1951 30.5 915 6.0 a 5.9 8.1 59 4117
18.11.1951 30.5 915 6.0 a 5.9 59 6.3 15.72
26.12.1951 31.0 90.5 6.3 a 6.3 81 6.3 56.88
17.08.1952 30.5 915 7.5 a
29.12.1955 30.1 90.3 5.8 a
10.06.1959 30.0 91.0 5.8 a
22.07.1972 314 915 58 5.8
18.01.1993 30.8 90.4 59 59
06.10.2008 29.8 90.4 6.3 6.3
NEI-3 23.02.1950 29.8 95.3 6.0 6.2 5.6 6.2 58 1531
22.08.1950 30.0 95.5 5.5 a 5.6 58 56 38.18
01.09.1950 30.0 95.5 6.0 a 5.8 6.2 58 1531
15.06.1965 29.6 95.6 58 5.8
18.08.2003 29.6 95.6 56 5.6
NEI-4 27.03.1964 27.2 89.3 71 71 5.6 71 6.1 16.64
19.11.1980 274 88.8 6.1 6.1 5.6 6.1 56 2235
25.03.2003 27.3 89.3 56 5.6 6.1 71 6.1 16.64
NEI-5 16.08.1950 27.9 91.9 6.7 6.8 6.0 6.8 6.0 14.04
17.08.1950 27.9 91.6 6.0 a 6.0 6.0 6.2 3.04
23.02.1954 27.8 91.7 6.0 a 6.2 6.8 6.2 17.08
13.02.1958 275 92.0 5.5 a
01.09.1964 27.2 92.3 6.0 6.0
26.09.1966 27.5 92.6 5.6 f
15.09.1967 27.4 91.8 6.2 6.2
NEI-6 29.07.1947 28.5 94.0 78 7.8 5.7 6.5 57 4061
16.08.1950 29.2 95.1 5.8 a 6.5 78 65 17.23
16.08.1950 29.2 95.1 6.0 a
16.08.1950 29.2 95.1 5.5 a
16.08.1950 29.2 95.1 6.0 a
17.08.1950 29.2 95.1 5.8 a
17.08.1950 29.2 95.1 6.2 a
17.08.1950 29.2 95.1 5.5 a
17.08.1950 29.2 95.1 6.0 a
18.08.1950 29.2 95.1 6.0 a
20.08.1950 29.2 95.1 5.5 a
21.08.1950 29.2 95.1 6.1 a
22.08.1950 28.7 94.2 5.7 a
22.08.1950 29.2 95.1 6.0 a
23.08.1950 29.2 95.1 5.8 a
25.08.1950 29.2 95.1 6.0 a
29.08.1950 29.2 95.1 6.0 a
03.09.1950 28.7 94.2 6.0 a
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Table 1. Continued.

Seismogenic Date Location Ms My Mmin Mp M T
sources dd.mm.yy Lat.N Long.°E (years)
03.09.1950 29.2 95.1 6.0 a
11.09.1950 29.2 95.1 6.0 a
13.09.1950 28.7 94.2 6.6 a
14.09.1950 29.2 95.1 6.0 a
08.10.1950 29.2 95.1 6.4 a
03.01.1951 29.0 94.4 6.6 a
04.01.1951 28.6 94.2 5.6 a
08.02.1951 28.2 94.4 5.8 a
21.02.1951 28.9 94.0 5.8 a
06.03.1951 28.8 95.1 6.4 a
12.03.1951 28.2 94.5 6.5 a
14.04.1951 28.4 93.8 6.5 a
22.04.1951 29.2 94.3 6.5 a
18.10.1951 28.8 93.7 6.0 a
26.05.1952 28.5 94.5 6.0 a
25.08.1952 28.0 94.0 6.0 a
08.10.1963 28.6 95.1 55 f
21.10.1964 28.1 93.8 6.4 65
14.03.1967 28.5 94.3 6.2 a
01.06.2005 28.8 94.6 57 5.7
NEI-7 15.08.1950 28.5 96.5 8.7 87 55 87 55 3452
15.08.1950 28.7 96.6 5.5 a
15.08.1950 28.7 96.6 6.0 a
15.08.1950 28.7 96.6 6.0 a
15.08.1950 28.7 96.6 6.0 a
15.08.1950 28.7 96.6 6.0 a
15.08.1950 28.7 96.6 6.0 a
16.08.1950 28.7 96.6 6.6 a
16.08.1950 28.7 96.6 6.3 a
18.08.1950 28.7 96.6 6.4 a
18.08.1950 28.7 96.6 5.8 a
18.08.1950 28.7 96.6 6.0 a
19.08.1950 28.7 96.6 6.0 a
23.08.1950 28.7 96.6 6.0 a
24.08.1950 28.0 96.5 6.3 a
02.09.1950 28.7 96.6 6.0 a
04.09.1950 28.7 96.6 6.0 a
03.10.1950 28.0 96.7 6.3 a
30.10.1950 28.0 96.9 6.0 a
21.07.1951 28.7 96.6 6.0 a
21.02.1985 28.3 96.0 55 55
NEI-8 02.07.1930 255 90.0 7.1 a 5.5 6.8 5.5 9.31
07.04.1951 25.8 90.4 6.8 6.8 6.8 73 6.8 2758
29.07.1960 26.5 90.5 55 55
NEI-9 29.12.1950 24.4 91.7 6.3 6.3 5.6 6.3 6.4 1247
12.12.1957 24.5 93.0 55 a 5.6 6.4 56 21.53
19.06.1963 25.0 92.1 6.4 6.4 5.6 56 5.8 3.1
30.12.1984 24.7 92.8 56 5.6 5.6 58 5.6 9.25
06.02.1988 24.7 91.6 58 5.8 5.8 6.3 6.4 1247
08.05.1997 24.9 92.3 56 5.6 5.8 6.4 58 24.63

6.3 6.3 6.4 1247
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Table 1. Continued.

Seismogenic Date Location Ms My Mmpin Mp M T
sources dd.mm.yy LatN Long.°E (years)
NEI-10 02.06.1934 24.5 95.0 6.5 a 5.6 73 78 1031

30.04.1952 255 94.5 6.0 f 5.6 78 6.0 19.13
28.11.1952 25.0 95.2 6.0 f 5.6 6.0 75 493
21.03.1954 245 95.3 73 7.3 5.6 75 5.6 17.12
08.09.1955 25.0 95.0 5.6 a 6.0 73 7.8 1031
28.05.1957 255 95.0 6.0 a 6.0 78 6.0 19.13
26.06.1963 24.3 95.1 55 f 6.0 6.0 75 4.93
12.07.1964 24.9 95.3 78 7.8 7.3 73 7.8 1031
18.02.1965 25.0 94.3 55 a 7.3 78 75 24.06
30.09.1969 25.6 94.7 5.5 a 7.5 7.8 75 24.06
29.12.1971 25.2 94.7 5.8 a
30.08.1983 25.0 94.7 6.0 6.0
18.05.1987 25.2 94.2 5.9 f
06.08.1988 25.1 95.1 73 75
09.01.1990 24.7 95.3 6.7 a
23.01.1991 24.7 95.2 55 a
15.04.1992 24.3 94.9 5.6 a
08.08.1994 24.7 95.2 6.4 a
06.05.1995 25.0 95.3 7.1 a
18.09.2005 24.6 94.7 56 5.6
NEI-11 14.08.1932 26.0 95.5 70 70 6.3 6.3 7.4 5.16
27.03.1964 25.9 95.8 5.5 f 7.0 70 74 37.96
03.06.1964 25.9 95.7 5.5 f
30.05.1965 26.0 95.8 6.2 6.3
30.01.1967 26.1 96.1 5.6 a
29.08.1969 26.3 96.1 5.5 f
29.07.1970 26.0 95.4 7.4 74
NEI-12 12.12.1908 26.5 97.5 75 75 5.5 6.2 6.0 12.08
22.08.1950 27.2 97.4 6.0 6.2 5.5 6.0 55 7.47
23.08.1950 27.2 96.9 5.9 a 55 55 6.9 6.42
04.05.1955 27.2 97.0 5.8 a 5.5 69 65 2382
22.09.1962 26.5 97.0 6.0 6.0 6.0 6.2 6.0 12.08
10.03.1970 26.8 97.0 55 55 6.0 6.0 6.9 13.89
30.05.1975 26.6 96.9 6.0 f 6.0 69 65 2382
12.08.1976 26.7 97.0 6.9 6.9 6.2 6.2 6.9 2598
28.11.1984 26.6 97.1 5.7 a 6.2 69 65 2382
07.06.2000 26.8 97.2 6.5 6.5 6.5 69 65 2382
NEI-13 27.01.1931 25.6 96.8 76 7.6 6.1 6.1 6.7 1259
16.08.1950 25.9 96.8 6.0 a 6.1 6.7 6.2 2347
16.08.1950 25.9 96.8 6.0 a 6.2 6.7 6.2 2347
16.08.1950 25.9 96.8 6.0 a 6.5 76 65 16.62
17.08.1950 25.9 96.8 6.0 a 6.5 6.5 6.7 23.72
17.08.1950 25.9 96.8 6.0 a 6.7 76 6.7 40.34
06.01.1958 25.6 96.7 5.8 f
28.10.1958 25.2 96.3 6.0 6.1
30.05.1971 25.3 96.4 6.1 f
30.05.1971 25.2 96.4 6.7 6.7
06.04.1994 26.2 96.8 5.7 f
21.11.1994 255 96.7 6.0 6.2
30.12.1997 254 96.6 5.8 a
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Table 1. Continued.

Seismogenic Date Location Ms My Mmin Mp Ms T
sources dd.mm.yy Lat.N Long.°E (years)
NEI-14 27.05.1939 24.5 94.0 6.8 6.8 5.8 73 6.2 15.92
01.07.1957 24.4 93.8 73 7.3 5.8 6.2 5.8 10.93
31.05.1973 24.3 93.5 6.2 6.2 6.2 73 6.2 15.92
06.05.1984 24.2 93.5 58 5.8 6.8 6.8 7.3 18.1

NEI-15 14.04.1938 23.5 95.0 6.8 f 55 6.0 6.4 4.02
16.08.1938 23.5 94.3 72 1.3 55 6.4 6.3 8.39
11.05.1940 23.7 94.2 6.5 a 55 6.3 6.5 5.34
15.01.1952 23.8 94.5 6.0 6.0 5.5 6.5 55 19.74
21.01.1956 23.0 94.0 6.1 64 55 55 58 11.24
29.02.1956 23.4 94.2 6.0 a 5.8 6.0 6.4 4.02
19.09.1956 23.5 94.5 6.1 a 5.8 6.4 6.3 8.39
28.09.1963 22.9 94.5 5.8 f 5.8 6.3 6.5 5.34
13.06.1964 23.0 94.0 6.2 6.3 5.8 6.5 5.8 30.98
25.02.1965 23.8 94.8 55 a 6.0 6.0 6.4 4.02
05.12.1965 23.3 94.3 55 a 6.0 6.4 6.3 8.39
17.10.1969 23.1 94.7 6.5 6.5 6.0 6.3 6.5 5.34
27.07.1973 23.3 94.5 55 a 6.3 6.4 6.3 8.39
15.07.1989 22.8 94.5 55 55 6.3 6.3 6.5 5.34
11.10.2000 23.9 94.9 58 5.8 6.4 6.4 6.5 13.74

6.5 73 6.5 31.17

NEI-16 12.09.1946 23.5 96.0 78 7.8 7.2 78 7.2 44.31
05.01.1991 23.5 96.0 72 7.2
15.06.1992 24.0 96.0 6.3 a

NEI-17 14.12.1955 22.0 92.5 6.5 6.5 5.7 6.5 5.7 21.41
12.05.1977 21.6 92.9 57 57 5.7 57 5.9 20.52
21.11.1997 22.2 92.7 57 59 5.9 65 5.9 41.94
13.11.2000 21.6 92.9 5.6 a

NEI-18 27.02.1964 21.7 94.4 72 7.2 7.2 72 7.4 11.36
15.12.1965 22.0 94.4 55 a
15.12.1966 21.5 94.4 5.8 a
08.07.1975 21.5 94.7 74 7.4

NEI-19 22.01.1965 20.1 94.5 56 5.9 55 59 55 24.67
01.06.1965 20.3 95.0 5.6 a 55 55 6.1 4.68
15.02.1967 20.3 94.1 5.6 a 5.9 59 6.1 29.35
24.09.1989 20.7 94.9 55 55
29.05.1994 20.5 94.2 6.1 6.1

Fig. 3 suggest that extreme vales are obtained if and only i# Discussions and conclusions

the scattered data in a scattergram lie on a perfectly straight

line that is, only if Log™* depending only on the sign @f  propapilistic estimates of earthquake hazard use various

(slope). Inthis case the L@Y andM,, or Ms whatever be the  models for the temporal distribution of earthquakes, includ-

case, are said to be perfectly correlated; for any other than fhg the “time-predictable” recurrence model formulated by

perfectly linear relationship, the correlation coefficientis lessspimazaki and Nakata (1980) which incorporates the con-

than 1 (in our case). The point estimates of parameters argept of elastic rebound. This model is thought to encom-

also indicated in these figures with residuahnd standard pass some of the physics behind the earthquake cycle, in

deviationo, connote the correctness of the data. that earthquake probability increases with time. The time-
predictable model is therefore often preferred when adequate
data are available, and it is incorporated in hazard predictions
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