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SUMMARY
Properties of the accelerating seismic crustal deformation pattern and of the intermediateterm seismic quiescence pattern have been combined to identify faults in the Aegean area
(34◦ N–43◦ N, 19◦ E–30◦ E) that have a considerable probability of generating strong earthquakes
(M ≥ 6.4) during the next 5-yr period. Eight groups of such faults have been identified, and
the probability of each fault being activated during this time period has been estimated. Three
of these groups are located in southern Greece (Hellenic Arc), two in central Greece (East
Central Greece, Ionian Islands), two in northwestern Turkey and one in the area of the borders
of Albania, Greece and the Former Yugoslav Republic of Macedonia. The importance of these
results for intermediate-term seismic hazard assessment is discussed.

I N T RO D U C T I O N
Recent research work on precursory seismic patterns indicates that
there are two different patterns, the investigation of which appears
to be promising for intermediate-term prediction of strong earthquakes. The first of these patterns concerns accelerating seismic
energy release by the generation of intermediate-magnitude preshocks, which is related to critical point dynamics (Sornette &
Sornette 1990; Sornette & Sammis 1995; Jaume & Sykes 1999).
The second pattern concerns seismicity quiescence (decrease in the
rate of shocks) in the rupture zone of a future main shock, probably related to dilatancy hardening or slip weakening (Wyss &
Habermann 1988; Scholz 1988; Wyss 1997; Zoller et al. 2002).
Although the two patterns seem to be in opposition, since the one
shows an increase in seismicity (seismic excitation) and the other
a decrease in seismicity (seismic quiescence) before a main shock,
in reality they are not because, as we are going to show, they occur
in different spaces and at different seismic energy levels. It appears
that the two patterns have properties such that the corresponding two
techniques, which are based on these patterns, can be applied in a
complementary way to improve our approach to intermediate-term
earthquake prediction. For this reason it is of interest to describe
briefly the basic properties of these two patterns.
The pre-shocks, the generation of which causes the accelerating deformation pattern, are of intermediate magnitude (e.g. for
main shocks larger than 6.5 pre-shocks are larger than 4.8; Bufe
& Varnes 1993; Papazachos 2003). It is the increase in the number of pre-shocks as well as in their magnitudes which contributes
to the acceleration of seismic crustal deformation (Benioff strain)
with time to the main shock (eq. 1). The region where the foci of the

C

2004 RAS

pre-shocks are located (critical region) scales with the magnitude
of the main shock (Bowman et al. 1998) and its dimension is about
eight times larger than the fault length of the corresponding main
shock (Papazachos & Papazachos 2000). The duration of the preshock sequence decreases with increasing mean seismicity rate for
the region (Papazachos & Papazachos 2001), as also occurs for the
time interval, t i = t c − t i , between the origin time, t c , of the main
shock and the time, t i , when accelerating deformation started to
be identifiable (Papazachos & Papazachos 2001; Yang et al. 2001).
This time interval, t i , when intense release of seismic energy takes
place in critical regions of the Aegean area, is, on average, equal to
3.7 ± 1.6 yr (Papazachos et al. 2003b).
A decrease in the rate of the relatively small pre-shocks is a basic
property of an intermediate-term seismic quiescence pattern. Such
a decrease of seismicity takes place in the fault region and usually
covers the whole after-shock region (Wyss et al. 1981; Wyss 1986).
The duration of pre-shock quiescence seems to scale with magnitude (Mogi 1981) but the considerable scatter of the data does
not permit a reliable estimation of the magnitude of the ensuing
main shock from this duration. Such approximate relations (Scholz
1988) suggest that the quiescence period has duration of about 4 yr
for earthquakes with magnitude 7.0, that is, about equal to the duration of the intense seismic excitation in the broader critical region.
Therefore, it appears that the two precursory phenomena take place
at about the same time interval but for different spatial extents and
levels of seismic energy. This behaviour is similar to a ‘doughnut pattern’, i.e. quiescence in the source region of a future main shock and
excitation in the broader surrounding region (Mogi 1981). Hence,
it can be suggested that intermediate-term earthquake prediction
based on the accelerating deformation method may be considerably
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improved if properties of the intermediate-term seismic quiescence
pattern are also taken into account. This improvement should be
particularly applicable for a more precise location of the ensuing
main shock, since the quiescence patterns occur in the main-shock
fault area. A further improvement in this location can be made if the
seismic faults located in the pre-shock (critical) region of this main
shock are known.
The main goal of the present study is to use properties of both
these patterns to identify faults in Greece and the surrounding area
where probabilities for the occurrence of strong main shocks (M ≥
6.4) during the next 5 yr or so are high and to estimate the probability
of rupture for each of these faults.

D AT A A N D I D E N T I F I C AT I O N
OF CRITICAL REGIONS
The data used in the present study come from the catalogue of Papazachos et al. (2003a), which for Greece and the surrounding area
(34◦ N–43◦ N, 19◦ E–30◦ E) includes historical data since the fifth
century BC and instrumental data from 1911, when the first seismograph (Mainka type) was installed in Athens, until 2002 September
30. All magnitudes in this catalogue are equivalent moment magnitudes, M, and the instrumental data are complete for the following
periods and corresponding magnitudes:
1911–2002,
1950–2002,
1965–2002,
1981–2002,

M
M
M
M

≥ 5.2
≥ 5.0
≥ 4.5
≥ 4.0.

The improvement in completeness in 1950 is due to the organization
of a dense macroseismic observation network, while the change in
1965 reflects the installation of the first seismographic network in
Greece by the Geodynamic Institute of the National Observatory of
Athens. Finally, the 1981 change corresponds to the installation of
the first telemetric network of stations by the Geophysical Laboratory of the University of Thessaloniki. The errors in the magnitudes
are less than 0.3, while the errors in the epicentres are less than 35,
30, 20 and 15 km since 1911, 1950, 1965 and 1981, respectively.
Due to improvement in the velocity models used, the uncertainties
in the epicentre locations have been significantly improved since
1985. Data for shallow earthquakes (h ≤ 40 km) were used for
the whole area, except for the Hellenic Arc (South Greece) where
data for shallow and intermediate-depth shocks (h ≤ 100 km) were
incorporated.
Identification of an elliptical geographical region which is in a
state of accelerating seismicity (critical region) was made by the
‘method of accelerating seismic crustal deformation’ (Papazachos &
Papazachos 2001), which is a step-wise procedure based on several
properties of the time-to-failure model. The accelerated seismicity (deformation) model is typically expressed with the following
power-law relation:
S = A + B(tc − t)m

(1)

which relates the cumulative Benioff strain, S (square root of the
seismic energy), released by the intermediate-magnitude shocks
(pre-shocks), with the origin time, t c , of the main shock (Bufe &
Varnes 1993). In eq. (1) t c is the main-shock time and A, B and m
are parameters. The Benioff strain, S, is calculated from the moment
magnitudes of the earthquakes, using appropriate relations.
In practice the model is applied to real earthquake data by minimizing a curvature parameter, C, which quantifies the degree of

deviation of the Benioff strain from linearity (acceleration). This
parameter was defined as the ratio of the root-mean square error
of the power-law fit (eq. 1) to the corresponding linear fit error
and has been proposed by Bowman et al. (1998) for the identification of circular regions approaching criticality, mainly along the
San Andreas fault system since 1950. The same authors showed
that the logarithm of the radius of the pre-shock area scales with the
expected main-shock magnitude. Papazachos & Papazachos (2000,
2001) extended this approach to elliptically shaped areas and proposed four additional semi-empirical relations, which can be used as
constraints for applications using real data. To quantify the compatibility of these relations with observations an appropriate parameter
P was defined (Papazachos & Papazachos 2001), which quantifies
the compatibility of an observed accelerated deformation pattern
with previous similar observations. Furthermore, Papazachos et al.
(2002a) have proposed a quality measure, q, defined by the relation:
q=

P
mC

(2)

in an attempt to simultaneously evaluate several aspects of an observed accelerated deformation pattern, namely:
(1) The compatibility of an accelerating seismic deformation
with the behaviour of past real accelerated deformation pre-shock
sequences (large values of P).
(2) The deviation of the variation with time of the seismic deformation from linearity (small values of C) as proposed by Bowman
et al. (1998).
(3) The degree of seismic acceleration (small m values).
Investigation of pre-shock sequences of strong main shocks (M ≥
6.4) which have occurred in the Aegean since 1950 has led to the
adoption of the following cut-off values:
C ≤ 0.6,

m ≤ 0.35,

P ≥ 0.45,

q ≥ 3.0

(3)

with typical average values [C] = 0.44, [m] = 0.29, [P] = 0.53 and
[q] = 4.9.
Application of this method to several pre-shock sequences in
Greece and other areas has shown that the seismic excitation in an
elliptical critical region centred at a certain point depends not only
on q but also on other measurable quantities such as the magnitude
M of the expected main shock, the number, N, of valid solutions
(solutions at each geographical point which fulfil eq. 3) with different elliptical regions centred at the same point and the percentage,
λ, of the neighbouring points of the grid for which valid solutions
exist. Thus, a quantity, K, called the excitation indicator, is defined
by the relation:

M
N
K =q
λ.
(4)
Mc N c
It is clear that K attempts to modify q in order to further focus on
larger main shocks (large M values) and areas with a large number
of solutions (high N values) and a high number of solutions in
neighbouring areas (high λ values), in accordance with Yang et al.
(2001) who present evidence that a posteriori predictions for past
main shocks show that they occur in the vicinity of those areas with
a higher density of obtained accelerated deformation solutions. M c
and N c are used in order to return K values which are of a similar
order of magnitude to the original definition of q by Papazachos
et al. (2002a). However, since results obtained for past earthquakes
in the Aegean area show that K varies between different areas, a
normalized value, K n , is defined for each geographical point, which
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is the ratio of the value of K calculated for this point to its maximum
value observed for any pre-shock sequence in that area. K n varies
between 0 and 1, while M c is a constant magnitude (e.g. M = 7.0)
and N c is a constant number (e.g. N c = 10).
Unfortunately, accelerated deformation patterns which fulfil the
criteria of eq. (3) are only observed a few months to a couple of
years before the expected main shock. Accelerating seismic deformation behaviour that fulfils ‘looser’ criteria (m ≤ 0.7, C ≤ 0.7)
can also be identified at a time, t i , before the occurrence of the main
shock, which can be described as the identification time, t i , for this
phenomenon. It has been shown (Papazachos & Papazachos 2001)
that the difference, t c − t i , between the identification time and the
origin time, t c , of the main shock is given by the relation:
log(tc − ti ) = 5.04 − 0.75 log sr
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cal considerations which report m values ranging from 0.25 to 0.33
(Ben-Zion et al. 1999; Rundle et al. 2000). Furthermore, the origin time of the oncoming main shock is calculated not only by
direct application of eq. (1) with a constant value of m(= 0.29),
but also by the application of eq. (5) and an additional approach
proposed by Papazachos et al. (2001a), which relies on the observation of pre-shock excitation that occurs close to the identification time, t i , and permits the simultaneous calculation of t i and t c .
It should be noted that the estimation of t c from t i is performed
for the critical area identified using the ‘loose’ criteria, which are
used for the determination of the identification time, t i . However,
we should point out that in all cases examined a posteriori for the
Aegean area (Papazachos & Papazachos 2000, 2001) critical regions
show a remarkable stability of their spatial dimensions, whether
they are determined using the ‘loose’ or strict criteria presented by
eqs (3).
The previously described procedure has been used to identify elliptical regions which are currently in a state of accelerating seismicity in the broader Aegean area (34◦ N–43◦ N, 19◦ E–30◦ E) by using
data (epicentres, origin times, magnitudes of shocks with M ≥ 4.5)
for earthquakes which occurred up to 2002 September 30. Eight
such regions have been identified. Five of these regions have centres
in Greece (1, southwestern Hellenic Arc; 2, East Central Greece; 3,
Ionian Sea; 4, East Hellenic Arc; 5, southeast Aegean, in Table 1),
and one in the borders between Albania, the Former Yugoslav
Republic of Macedonia and Greece (6, South Albanides, in
Table 1) and two in northwestern Turkey (7, southwest of Marmara;
8, southeast of Marmara, in Table 1). In Fig. 1 the centres of these
eight regions are denoted by stars. Furthermore, the elliptical critical areas and the corresponding pre-shocks are also presented. The
corresponding Benioff-strain acceleration patterns are presented in
Fig. 2. The number of each centre corresponds to the number in
Table 1 where information is given about the parameters of the
probable expected main shocks and of the assumed pre-shock sequence. As can be concluded from the values of the origin times,
t c , taking into consideration their uncertainties (±2.0 yr), these
‘predicted’ main shocks are expected to occur during the years
2003–2007. Magnitudes of the expected main shocks vary between 6.4 and 7.0 and the optimal magnitude difference between
the main shock and smallest pre-shock for this magnitude is 1.7–1.9
(Papazachos 2003), while the duration of the pre-shock sequences
varies between 10 and 35 yr (Papazachos & Papazachos 2000;
2001).
Except for the critical regions in Central Greece and the Ionian
Islands (numbers 2 and 3 in Table 1) information for all other regions
has been previously derived on the basis of the available data, which
concern earlier stages of accelerating deformation (Papazachos

(5)

where s r (in J1/2 yr−1 10−4 km−2 ) is the long-term Benioff strain
rate per unit area. Hence, the identification period decreases with increasing seismicity of the pre-shock (critical) region, as also occurs
for the total duration, t p , of the pre-shock period. The identification period, t c − t i , is about 17 per cent of the duration, t p , of the
corresponding pre-shock period, in accordance with independent
estimates (Yang et al. 2001).
An appropriate algorithm has been developed (Papazachos 2001)
to apply the previous results to the identification of a pre-shock
(critical) region. According to this algorithm, shocks (pre-shocks)
with epicentres in an elliptical region centred at a certain geographical point (assumed epicentre of the main shock) are considered
and parameters of eq. (1), as well as the curvature parameter, C,
are calculated. Calculations are repeated by applying a systematic
search of a large set of values for the azimuth, z, of the large ellipse
axis, its length, a, ellipticity, e, and the time, t s , since accelerating
seismic deformation started, for the magnitude, M, and the origin time, t c , of the main shock. These computations are repeated
for a grid of points in which the investigated area is separated by
the desired density (e.g. 0.2◦ NS, 0.2◦ EW). The geographical point
which corresponds to the best solution (largest value of K) is considered as a first approximation of the epicentre of the expected main
shock, and the magnitude which corresponds to this solution is considered as the magnitude of the main shock. The epicentre which is
finally adopted is also based on additional information, such as the
location of seismic faults in the region.
Application of this method to real data usually results in a large
number of solutions and large errors, especially for the origin time,
t c , due to the trade-offs between the model parameters of eq. (1).
For this reason the mean value of m(= 0.29) observed for real data
was adopted in all calculations, similar to numerous other studies
(e.g. Zoller & Hainzl 2002), in excellent agreement with theoreti-

Table 1. Information on the eight critical regions, which are currently in a state of accelerating seismic deformation. The first three columns give the
code number, the name of the region and the geographical coordinates, ,  of the centres of the eight elliptical regions. M is the estimated magnitude
of the expected main shock and t c is its estimated time of origin. a (in km) is the length of the large axis of the ellipse with ellipticity e and z is its
azimuth. M min is the minimum magnitude of shocks (pre-shocks), n their number and t s the start year of the pre-shock sequence. q is the quality factor
and K is the excitation indicator.
No
1
2
3
4
5
6
7
8

C

Region

, 

M

tc

a

z

e

M min

n

ts

q

K

SW Hellenic Arc
E Central Greece
Ionian Islands
E Hellenic Arc
SE Aegean
S Albanides
SW Marmara
SE Marmara

36.4, 23.2
38.8, 23.4
38.2, 20.9
35.0, 28.3
37.4, 26.7
41.0, 21.2
40.2, 27.2
39.4, 29.2

6.9
6.8
7.0
6.7
6.8
6.7
6.4
6.9

2006.4
2004.8
2005.2
2006.6
2005.6
2005.2
2004.1
2004.9

310
236
312
200
190
200
161
192

60
0
90
120
30
60
0
150

0.95
0.90
0.95
0.90
0.80
0.90
0.90
0.70

5.1
5.1
5.3
5.0
5.1
5.0
4.7
5.0

37
21
28
34
22
26
29
50

1959
1984
1984
1980
1975
1975
1984
1974

7.4
9.1
3.1
6.7
4.5
3.9
7.5
7.4

16.5
7.2
0.6
5.9
2.6
2.0
8.4
12.4
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Figure 1. Centres of the eight elliptical critical regions in Greece and the surrounding area, which currently exhibit an accelerating seismic excitation. The
elliptical critical regions, as well as the corresponding intermediate-magnitude events (pre-shocks) are also shown. The numbers correspond to the code numbers
in Table 1. FYROM = Former Yugoslav Republic of Macedonia.

et al. 2002a,b,c). A very good agreement of the new solutions with
older ones is observed with respect to the magnitudes and the locations of the centres of the critical regions; however, the estimated
origin times differ. This bias is obviously due to the fact that the
estimation of the origin time is sensitive to the behaviour of the last
phase of the accelerating seismic deformation and to the recent improvement of the method (introduction of the excitation parameter
K, use of a constant value of m, etc.). This observation suggests that
real uncertainties in the estimation of the origin time, t c , are perhaps higher than previously estimated (±2.0 yr, Papazachos et al.
2001a). For this reason, continuous monitoring and recalculation of
parameters of the identified pre-shock regions is necessary.

A S S O C I AT I O N O F C R I T I C A L R E G I O N S
W I T H A C T I V E FAU L T S A N D
Q U I E S C E N C E PAT T E R N S
The next step in the present work was to identify the major faults
located in a broad area around the centre of each critical region
(∼120 km) and re-examine the parameters of the intermediatemagnitude earthquakes, which are located in a broad region that
‘engulfs’ each fault. Parameters for the main active seismic faults
were taken from Papazachos et al. (2001b), which includes information for 164 faults (160 shallow and four of intermediate depth),
which are probably associated with all known strong events in the
broader Aegean area. Of the seismic faults for which information is
presented by Papazachos et al. (2001b), about 120 faults are large,
i.e. have fault lengths equal to or larger than 30 km. About 35 per
cent of these large faults are located within the eight critical regions

which have been identified by the procedure described in the previous section, that is, about five such faults are included in each
critical region. From all faults in each critical region we selected
three faults for further investigation, on the basis of their sizes (the
larger ones), their long-term activity (the most active ones) and of
the current intermediate-magnitude activity in the broader region,
which surrounds each fault (Fig. 1). All these faults are presented
in Fig. 3 and are all shallow except for fault 1.3, which is of intermediate focal depth. Thirteen of these faults are normal, seven are
strike-slip and four are thrust faults.
We should point out that in the present work we have selected
to proceed from a grid search of accelerated deformation in the
broader Aegean area to the selection of the main faults which are
located close to the vicinity of the centre of these critical regions.
Alternatively, we could start from the 120 most important faults and
examine the presence of accelerated deformation considering their
centre as the centre of the critical region. The only reason that the
former approach was adopted was that we wanted to examine the
possibility of identification of accelerated deformation in regions
where no major faults have yet been identified, such as regions in
the Aegean Sea where no surface manifestation of active faults can
be identified and active faults are mainly determined on the basis of
seismic activity.
In order to further constrain the possibility of seismic activation
in the faults of each critical area we have examined the existence
of intermediate-term quiescence in the vicinity of each of the three
faults of a critical region. Since a relatively accurate data sample is
necessary for this step, shocks with M ≥ 4.0 which have occurred
since 1985 were used, using a minimum data sample of 31 shocks.
For each of these faults, which are possibly at quiescence now, an
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Figure 2. Accelerated variation of the Benioff strain with time for the eight critical regions presented in Fig. 1.

elliptical region (with ellipticity 0.70) centred at the middle of the
fault and having its large axis parallel to the fault was considered.
The size of the examined region around each fault was allowed to
vary from ∼80 per cent of the fault length up to 1.5 fault lengths,
while the centre of the search area was also allowed to move up to
25 per cent of the fault length along the fault strike and 10 per cent
of the fault length normal to its strike, in an attempt to account for
errors in the location of shocks with M ≥ 4.0 associated with this
event, keeping the minimum number of events greater than 30 for
the period 1985–2002.
Examination of the cumulative number of these shocks as a function of time allowed the identification of clear quiescence patterns,
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usually for one of the three faults within each critical region. The
start of the quiescence period was also allowed to vary. On the basis
of these observations, several parameters were determined, namely
the quiescence area (gap of the second kind), the start time, T s , of
the quiescence period, the annual rate, r, of shocks during the quiescence period, the annual rate, r m , of shocks between 1985 and the
start of quiescence period (background seismicity), and their ratio,
r n = r /r m , which was considered as an indicator of the degree of
quiescence. The results show that the length of the identified quiescence area varies between one fault length and two and half fault
lengths, with an average about two fault lengths (1.9 ± 0.4), while
the quiescence durations (up to the end of the catalogue used) vary
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Figure 3. The eight groups of seismic faults located in the corresponding critical regions, which were examined for quiescence patterns. Numbers correspond
to code numbers in Table 2.

Figure 4. Variation of the number of earthquakes, N, as a function of time
for the Lefkada Fault (3.1 in Fig. 3), using the procedure described in the
present work. A clear quiescence pattern is observed after 1995.

between 3 and 7 yr, with an average 4.5 yr (4.5 ± 1.6 yr). A typical
quiescence pattern is presented for the Lefkada Fault, where seismic
quiescence is clearly observed after 1995 (Fig. 4).
In order to quantify and combine results from critical area identification and seismic quiescence, an attempt to assess the probability,
P e , of the occurrence in each fault of the main shock expected in
the corresponding critical region during the period 2003–2007 has
been performed. The faults in a critical region, which is in an ac-

celerated seismic excitation, all have some increased probability of
being activated by triggering due to the accelerating generation of
intermediate-magnitude shocks in this region. Those faults, which
are located in a broader region with a high degree of seismic crustal
deformation (high value of K n ) and are included in a narrower region
of decreased seismicity (low value of r n ) should have the highest
probability of activation. Therefore it is reasonable to assume that
the ratio, D n , of K n to r n can be used as a preliminary but appropriate measure of the potential for the occurrence of a main shock in
this fault. By summing all D n values and dividing the D n value for
each fault by this sum we can assess a probability for the occurrence
of the main shock in this fault, considering that the probability for
the occurrence of the main shock in any fault of the critical region is
equal to unity. If we assume a different value for this last probability,
the obtained results (probabilities) must be multiplied by this total
probability to get P e for each fault. In the present work, we considered a total probability of 75 per cent, since there is a 10 per cent
probability that the expected main shock occurs outside the confidence intervals defined by Papazachos et al. (2003b) and there is a
15 per cent probability that the observed accelerated patterns can
be obtained from random catalogues, as shown from Monte Carlo
tests (Papazachos et al. 2002a).
R E S U LT S
Table 2 gives information on the parameters of these 24 faults that
are grouped in eight clusters (critical areas of Fig. 1). In the last
column of Table 2 the year and the magnitude are given for the
last damaging main shocks of each fault. The macroseismic effects of these main shocks are described in detail in Papazachos &
Papazachou (2003). These data are important for intermediateterm seismic risk assessment because they can be reliably used for
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Table 2. Information on the main seismic faults located in the eight critical regions investigated in the present study.  and  are the geographical coordinates
of the fault centre, while L, ξ , θ and λ are the length (in km), strike, dip and rake of the fault, respectively. K is the excitation indicator in the broad critical
region, r n is the quiescence indicator in the vicinity of the fault, D n is the activation potential and P e is the probability of occurrence of a strong (M ≥ 6.4)
main shock during the 5 yr 2003–2007. The last column gives the year and the magnitude of the most damaging recent main shocks for each fault.
φ ◦N , ◦E

L

ξ

θ

λ

K

rn

Dn

Pe

1. SW Hellenic Arc
1.1
Tenaro
1.2
Sparti-Gythio
1.3
Cythera

36.00, 22.00
36.73, 22.53
35.90, 23.00

70
60
70

320
346
61

32
47
70

106
−98
144

18.4
6.10
8.20

1.19
0.46
1.13

15.46
13.26
7.26

0.32
0.28
0.15

1903 (7.2)
1867 (6.8), 1927 (7.1)
1910 (6.8), 1926 (7.2)

2. East Central Greece
2.1
Atalanti
2.2
N Sporades
2.3
Keramidi

38.57, 23.25
39.42, 24.10
39.58, 23.04

50
40
30

294
40
327

50
77
50

−70
175
−70

3.30
3.20
1.50

0.88
0.54
0.10

3.75
5.93
15.00

0.11
0.18
0.46

1894 (7.0)
1965 (6.1)
1930 (6.1), 1955 (6.2)

3. Ionian Islands
3.1
Leukada
3.2
Cephalonia
3.3
Zakynthos

38.70, 20.55
38.20, 20.20
37.58, 20.53

40
60
55

30
40
310

77
57
18

178
172
118

0.20
0.30
0.20

0.17
0.21
0.27

1.18
1.43
0.74

0.26
0.32
0.17

1914 (6.3), 1948 (6.5)
1953 (7.2), 1983 (7.0)
1953 (6.8), 1997 (6.6)

4. East Hellenic Arc
4.1
Zakros(E Crete)
4.2
Strabo Trench
4.3
Rhodes

35.16, 26.49
34.80, 27.30
36.25, 28.40

40
40
40

14
291
30

47
47
80

−198
99
−41

1.10
1.80
0.20

1.08
0.58
0.37

1.02
3.10
0.54

0.16
0.50
0.09

1922 (6.8)
1948 (7.1)
1896 (6.4), 1957 (7.2)

5. SE Aegean
5.1
Amorgos
5.2
Aydin
5.3
South Chios

36.73, 25.99
37.87, 28.16
38.29, 26.20

50
50
40

65
83
82

40
42
45

−90
−99
−115

1.82
0.69
0.89

0.86
2.11
3.33

2.12
0.33
0.27

0.59
0.09
0.07

1956 (7.5)
1899 (7.0), 1955 (6.9)
1881 (6.5), 1949 (6.7)

6. S. Albanides
6.1
Peshkopi
6.2
Ochrid
6.3
Fier

41.46, 20.56
41.02, 20.79
40.80, 19.56

45
40
40

161
179
353

49
49
27

−87
−87
93

1.30
2.00
2.00

0.58
0.29
0.50

2.24
6.90
4.00

0.13
0.39
0.23

1922 (6.1), 1967 (6.3)
1911 (6.7)
185 (6.8), 1962 (6.0)

7. SW Marmara
7.1
Edremit
7.2
Sarikoy
7.3
N Marmaras

39.49, 26.46
40.24, 27.60
40.90, 28.13

50
40
40

74
240
89

46
70
90

−114
−155
177

2.42
3.63
1.81

0.95
0.43
0.65

2.24
6.90
4.00

0.14
0.46
0.15

1944 (6.9)
1983 (6.4)
1648 (6.8)

8. SE Marmara
8.1
Emet
8.2
Demirci
8.3
Bursa

39.49, 29.48
39.18, 28.69
40.18, 29.08

40
40
60

281
104
83

43
34
45

−94
−90
−90

8.80
4.70
1.69

0.11
0.16
0.23

80.00
29.38
7.35

0.51
0.19
0.05

1970 (7.1)
1969 (6.1)
1855 (7.4)

No

Name

estimation of the macroseismic effect of the expected earthquakes
in each critical region.
The estimated origin times, t c (with uncertainty ±2.0 yr), and
the magnitudes, M (with uncertainty ±0.5), for the expected main
shocks are given in Table 1. The estimation of the epicentres (with
uncertainty ≤120 km) was based on the best solution, as well as
on the location of the corresponding faults and their probability of
being activated. Based on this information the following epicentres
are proposed for the corresponding regions:
Region 1, 36.5◦ N, 22.7◦ E
Region 2, 38.9◦ N, 23.1◦ E
Region 3, 38.3◦ N, 20.5◦ E
Region 4, 35.0◦ N, 27.4◦ E
Region 5, 37.4◦ N, 27.0◦ E
Region 6, 41.1◦ N, 20.7◦ E
Region 7, 40.1◦ N, 27.4◦ E
Region 8, 39.4◦ N, 29.4◦ E.
These main shocks are expected to be shallow (h ≤ 40 km) but in
regions 1 and 4 the generation of intermediate-depth earthquakes
cannot be excluded.
It should be pointed out that the faults presented in this study
are not in all cases identical to the faults proposed by Papazachos
et al. (2001b). The main reason is that for several large ruptures
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Year (M)

Papazachos et al. (2001b) only presented the sections of the zone
that are known to have ruptured (up to a certain magnitude and
corresponding rupture length) from instrumental and historical information. In a few cases the faults shown in Fig. 2 are located on the
same rupture zone but correspond to different sections of the zone
(1.1, 2.2, 4.2) depicted by Papazachos et al. (2001b). Moreover, in
several cases the presented faults have slightly different lengths (e.g.
1.2, 8.2, 8.3) from that depicted by Papazachos et al. (2001b), since
the fault lengths presented in Table 2 were derived on the basis of
the expected main shocks (Table 1) and the dimensions of the quiescence zone identified around each fault zone. For instance, the
proposed Tenaro Fault (1.1 in Fig. 3) is part of the major thrust zone
along the western Hellenic Arc, which consists of a large number of
subfaults (most of which are identified in Papazachos et al. (2001b)
which are known to have ruptured in various lengths corresponding
to events up to M w = 8.2. The proposed fault essentially corresponds to the section of the fault zone that is currently under a state
of seismic quiescence.
It is interesting to notice that for Region 5 (southeastern Aegean)
there is practically no seismic quiescence observed for any fault.
This is in good agreement with the corresponding poor acceleration
pattern of Fig. 2, which suggests that the acceleration identified for
this region is perhaps a case of a false alarm that originated from an
otherwise random space–time distribution. Furthermore, there are
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two other regions (2 and 8) where all faults exhibit strong quiescence
(low r n values) for all faults. Examination of seismicity release for
Region 2 presented a very stable (linear) time distribution of seismicity for the broader Ionian Islands area, showing that the quiescence
pattern is only localized on all three faults, with the more prominent
quiescence observed along the Lefkada Fault (Fig. 4). It should be
noted that during the revision of the present paper, a strong (M =
6.4) main shock occurred in this fault (2003 August 14). Although
the Lefkada Fault had a relatively high probability of rupturing (P e
= 26 per cent in Table 2) at the specified time interval, its actual magnitude is smaller that the predicted main-shock magnitude (M = 7.0
± 0.5, Table 1). Therefore, further examination of this magnitude
bias is necessary before this is declared as a successful prediction.
For Region 8 (southeast Marmara) the corresponding time distribution of seismicity showed a general seismicity quiescence (for
events with M ≥ 4.0) for the broader fault area (including faults 8.1,
8.2 and 8.3), which is confirmed by the r n values of Table 2. Examination of the space–time seismicity distribution for the broader
Asia Minor area showed that this lack of seismicity in the vicinity
of the faults is not a result of completeness of the catalogue. Hence
it appears that the broader southeast Marmara area is going through
a period of seismic quiescence, even if the broader area shows accelerated seismic energy release (Figs 1 and 2). It is very difficult
to present an explanation for this spatially ‘broad’ quiescence area,
hence new checks using updated catalogues need to be performed
in the future to confirm this seismicity pattern.

DISCUSSION
The main results of the present paper are presented in two alternative forms. The first concerns the identification of eight elliptical
critical regions, which are at present in accelerating seismic excitation and may lead to a main shock of a certain magnitude (see
Table 1). Independently of the occurrence or not of these eight main
shocks in the space, time and magnitude windows defined in the
present paper, this accelerating seismic excitation is an observational fact and therefore of importance for time-dependent seismic hazard assessment, because during such excitations damaging
(M ∼ 6) earthquakes frequently occur. The results of this paper are
also presented in the form of seismic faults and the corresponding probability of each fault being activated during the 5 yr from
2003–2007 (see Table 2, Fig. 3). This probability and the parameters of each fault (dimensions, orientation) allow us to estimate the
parameters of strong ground motion at any site near these faults.
An important problem involved in these estimations is the determination of the uncertainties in the epicentre, time of origin and
magnitude of the expected main shocks. Papazachos et al. (2003b)
have made such estimations on the basis of results of retrospectively predicted strong main shocks (M ≥ 6.4) in the Aegean area.
We have attempted to make such estimations on the basis of the
scatter of the parameter values calculated for faults in each region
and by weighting each observation according to the corresponding
probability, but we obtained similar results to those of Papazachos
et al. (2003b). For this reason we have adopted in the present work
an error of ≤120 km for the epicentre, ±2.0 yr for the time of origin
and ±0.5 for the magnitude with a high confidence (∼90 per cent).
These error estimations, however, are based on the assumption that
the eight main shocks predicted in the present paper will occur (with
a probability of 75 per cent, since there is an additional 15 per cent
chance of identification of false acceleration patterns) during the
period 2003–2007 which is, of course, uncertain. Therefore reliable

error analysis will have to wait until the end of this time period,
when testing of the results of the present work will be possible with
the use of objective data.
Whatever the percentage of success of these intermediate-term
earthquake predictions, the present work will show if, at present,
there is any possibility of making any significant progress in this
important field of practical seismological hazard assessment and
mitigation, since the patterns on which this effort has been based
(accelerating seismicity, seismic quiescence) are well documented
and have been widely observed by several researchers in a variety
of seismotectonic regimes before strong main shocks.
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