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Abstract: The behavior of seismicity in the area candidate to suffer a main shock is

investigated after the observation of the Seismic Electric Signal activity until the impending

main shock. This is based on the view that the occurrence of earthquakes is a critical phenomenon

to which statistical dynamics may be applied. In the present work, analysing the time series of

small earthquakes, the concept of natural time � was used and the results revealed that the

approach to criticality itself can be manifested by the probability density function (PDF) of �1

calculated over an appropriate statistical ensemble. Here, �1 is the variance �1ð¼ h�2i � h�i2Þ
resulting from the power spectrum of a function defined as �ð!Þ ¼

PN
k¼1

pk expði!�kÞ, where pk is

the normalized energy of the k-th small earthquake and ! the natural frequency. This PDF

exhibits a maximum at �1 � 0:070 a few days before the main shock. Examples are presented,

referring to the magnitude 6�7 class earthquakes that occurred in Greece.
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1. Introduction

Seismic Electric Signals (SES) are transient low

frequency (� 1Hz) electric signals that have been

observed in Greece,1)–7) Japan,8),9) and Mexico10)

months to days before earthquakes (EQs hereafter).

They are considered as emitted when the stress in

the focal region reaches a critical value before the

failure.11),12) This is interpreted as stemming from

the fact that a stress variation affects the Gibbs

energy for the defect formation,13) migration14) and

activation15) in solids and that the electric dipoles

formed by defects exhibit a cooperative orientation

when the stress reaches a critical value. EQs exhibit

complex correlations in space, time and magnitude

(M (Athens Obs.), Mw (USGS), hereafter) as shown

by many studies, e.g.,16)–23) in agreement with the

repeatedly proposed view that EQs occur also at a

critical point (e.g., Ref. 24) see also Ref. 25) and

references therein). The view that both SES emis-

sion and EQ occurrence are critical phenomenon and

that the approach to ‘‘electrical’’ critical point

shortly precedes the approach to ‘‘mechanical’’

critical point is our fundamental premise for short-

term EQ prediction.

During the past decade, a method of time series

analysis for identifying the approach of a dynamic

process to a critical state has been developed, based

on the concept of a new time frame, named natural

time.12),26)–28) The principle of the natural time

analysis is as follows.

In a time series consisting of N events, the

natural time �k ¼ k=N serves as an index for the

occurrence of the k-th event. The evolution of the

pair (�k, Qk) is studied, where Qk denotes a quantity

proportional to the energy released in the k-th event.

For dichotomous signals, which is frequently the

case of SES activities (a sequence of SES observed

within a short time (e.g., � hours) is termed SES

activity), Qk can be replaced by the duration of the

k-th pulse. In the case of seismicity, Qk may be taken

as the seismic moment M0k of the k-th event, since

M0 is roughly proportional to the energy released

during an EQ. Then, we calculate the normalized

power spectrum �ð!Þ � j�ð!Þj2, where

�ð!Þ ¼
XN
k¼1

pk exp i!
k

N

� �
¼

XN
k¼1

pk expði!�kÞ ½1�
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In Eq. [1], pk is the normalized energy of k-th

event pk ¼ Qk=
PN

n¼1 Qn and ! ¼ 2��, where �

denotes the natural frequency. In Eq. [1], �ð!Þ is

a continuous function which should not be confused

with the usual discrete Fourier transform, because

the latter considers only the relevant values at � ¼
0; 1; 2; . . .. In natural time analysis, the properties

of �ð!Þ or �ð�Þ are studied for continuous natural

frequency � less than 0.5. This is so, because in this

range of �, �ð!Þ or �ð�Þ reduces to a characteristic

function for the probability distribution pk in the

context of probability theory (see p. 499 of Ref. 29)).

This means that statistical properties, such as

variance, can be obtained by its derivatives at the

origin, i.e., ! ! 0.

It has been shown theoretically that the

following relation holds when the system enters

the critical stage (see pp. 259–260 of Ref. 12),

Ref. 26), Appendix A and B of Ref. 28))

�ð!Þ ¼
18

5!2
�

6 cos!

5!2
�

12 sin!

5!3
½2�

which for ! ! 0, simplifies to

�ð!Þ � 1� 0:07!2:

This relation shows that the second order Taylor

expansion coefficient of �ð!Þ, labelled �1 is 0.070.

The quantity �1 equals to the variance h�2i � h�i2
of natural time �, i.e.,

�1 ¼ h�2i � h�i2 ¼ 0:070 ½3�

where hfð�Þi ¼
PN

k¼1 pkfð�kÞ. Furthermore, it was

observed for several EQs that �1 slowly approaches

to 0.070 just before the main shocks and abruptly

changed to vanishingly small when the main shocks

occurred. On this basis, it was proposed that �1

(or �ð!Þ for ! ! 0) may be considered as an order

parameter for seismicity.28)

In addition to �1 (or �ð!Þ for ! ! 0), another

quantity useful from statistical dynamics point of

view was introduced.12),26),30) It is the entropy S

defined as

S � h� ln�i � h�i lnh�i:

This quantity satisfies the conditions for a function

to be defined as entropy, namely the positivity

and concavity as well as stability or experimental

robustness.31) It differs from the usual entropy since

it depends on the sequential order of events32) so

that its value changes to a different one, labelled S�,

upon considering the time reversal.31),33) The S

value for a ‘‘uniform’’ distribution of Qk, e.g., when

all pk are equal, is lnð2Þ=2� ð1=4Þ � 0:0966 which is

designated Su. The SES activities, when analyzed in

natural time, have been found to obey the following

conditions:33),34)

S; S� < Su ½4�

In the investigation of seismicity, the behav-

iour of �1, the order parameter of seismicity28)

during the period after the SES activity until the

main shock in the area candidate to suffer a strong

EQ is studied. It has been shown that this study

enabled the shortening of the time-window of the

prediction of impending main shock to the range

of a few days to a few hours.12),26),33)–35) But there

has been some room for subjective judgement

to identify the approach to critical stage because

the time variations of parameters were traced on

only a single time series (�k;Qk). Introduction of an

important improvement of the procedure consti-

tutes the basic aim of the present paper. The new

procedure is supposed to be more objective since the

approach to criticality is recognized by changes in

probability density functions as will be explained in

Section 2. As examples, we apply this procedure in

Section 3 to the most recent SES and seismicity

data in Greece.

2. The new method using natural time

for shortening the time-window

of short-term EQ prediction

2.1 The approach employed in our previous

studies. Natural time analysis reveals, as men-

tioned in Section 1, that �ð!Þ for ! ! 0 or �1 can

be considered as an order parameter for seismicity.

To obtain �ð!Þ for ! ! 0 or �1, however, it is

necessary to decide the initiation time of seismicity

analysis. We decided to start the analysis immedi-

ately after the SES initiation. This is based on

our fundamental premise, stated in Section 1,

that both SES emission and EQ occurrence are

critical phenomenon and the approach to ‘‘electri-

cal’’ critical point shortly precedes ‘‘mechanical’’

critical point.

Once a SES activity has been recorded, the

area to suffer the main shock can be estimated on

the basis of the so-called selectivity map4),12),36)–38)

of the station at which the SES was recorded.

Thus, we have some area, hereafter labelled A, in

332 N. V. SARLIS et al. [Vol. 84,



which we count the small EQs, ei, that occur after

the initiation of the SES activity. Each EQ ei
is characterized by its epicentral location xðeiÞ,
the conventional time of its occurrence tðeiÞ, and

its magnitude MðeiÞ or the equivalent seismic

moment M0ðeiÞ. The index i ¼ 1; 2; . . ., increases

by one each time a new EQ with M larger or equal

to some threshold Mthres occurs within the area A.

Thus, a set of events A, denoted as AMthres ¼
fei 2 A : MðeiÞ � Mthresg, is formed each time until

the main shock occurs in A at i = N. Therefore,

a family of N! sets of AMthres should have been

formed at the main shock. Here, the number of

EQs in AMthres is denoted by jAMthresj. Since, in

forming AMthres, we place the EQs in the sequence

of their occurrence time, AMthres is a time ordered

set.

It has been repeatedly confirmed that, for at

least one magnitude threshold Mthres the conditions

[3] and [4], i.e., �1ðAMthresÞ � 0:070 and SðAMthresÞ
and S�ðAMthresÞ < Su, were satisfied by the small

EQs in the area A a few days to a few hours before

the main shock.12),26),33)–35) Thus, such a study

enables, in principle, prediction of the main shock

to be made within a few days to a few hours before

its occurrence.

The actual procedure was carried out as

follows: We set the natural time zero at the

initiation time of the SES activity, and then formed

time series of seismic events in natural time for the

area A each time when a small EQ (M � Mthres)

occurred, in other words when the number of the

events increased by one. The normalized power

spectrum in natural time �ð�Þ for each of the time

series was computed for the pairs (�k;Qk) and

compared with that of Eq. [2] for � 2 ½0; 0:5�. We

also calculated the evolution of the quantities �1, S

and S� to ascertain Eq. [4] was also satisfied. The

actual criteria for recognizing a true coincidence of

the observed time series with that of critical state

were as follows:12),26),33)–35) First, the ‘average’ dis-

tance hDi between the curves of �ð�Þ of the

evolving seismicity and Eq. [2] should be smaller

than 10�2. This was a practical criterion for

stopping calculation. Second, the final approach of

�1 of the evolving �ð�Þ to that of Eq. [2], i.e., 0.070,

must be by descending from above. This rule was

found empirically.26) Third, both values S and S�
should be smaller than Su at the coincidence.

Finally and fourth, since the process concerned is

supposed to be self-similar (critical dynamics), the

time of the occurrence of the true coincidence

should not vary, in principle, upon changing (within

reasonable limits) the size of area A and the

magnitude threshold Mthres. Although the method

worked, it was felt that the criteria were somewhat

subjective.

2.2 New approach suggested here upon

using PMthres or the "[AMthres] ensemble. The

basic idea behind the new approach suggested in

this paper is the following: When area A reaches

criticality, one expects in general that all its

subareas have also reached criticality simultane-

ously. At that time, therefore, each of these

subareas would be expected to give subsets with

certain values of �1 close to 0.070, but perhaps with

a statistical probability centered at 0.070, assuming

equi-partition of probability among these subsets.

Before the criticality is reached, �1-values will not

show such a distribution.

In practice, in order to check whether critical-

ity as described above has been approached at the

occurrence of a new event i within the predicted

area A, we should construct all the possible proper

subsets of AMthres that necessarily include the event

i and examine if their �1-values reveal the proba-

bility distribution centered at 0.070. A subset is

qualified as a proper subset (PMthres) if and only if it

includes all EQs that took place inside its corre-

sponding rectangular subarea, i.e., RðPMthresÞ. This
is, of course, a simplification-followed throughout

the present paper- because other geometries, e.g.,

circular, could be also considered.

Let us now consider an example shown in

Fig. 1, in which four EQs have occurred (A is

indicated by a black line rectangle in each panel)

in a sequence indicated by the numbers i = 1, 2, 3

and 4. Colored rectangles depict proper subareas

RðPMthresÞ ¼ RjðiÞ just after the occurrence of each

EQ. Figure 1 shows that the number of subareas j

increases by an integer larger than or equal to one,

when one EQ ei occurs. For each of these proper

subsets (which form the "[AMthres] ensemble at each

time instant), one can compute the �1 values and

then construct their distribution denoted Probð�1Þ
hereafter. Just after the occurrence of the second

event a single proper subset can be defined, thus

only �1½R1ð2Þ� is available. Just after the occurrence
of the third event, three proper subsets of AMthres

can be defined as shown in Fig. 1. Recall that the
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necessary condition for a proper subset at a given

time instant is that it includes the last event (the

third EQ in this case). Therefore, �1½R1ð2Þ� obtained
before the third event is not included for the

construction of the distribution Probð�1Þ at the

instant of the third event. By the same token, after

the occurrence of the fourth event, seven proper

subsets result. Thus, we can now calculate �1 for

each of these 7 subsets and construct the Probð�1Þ
versus �1 graph to examine whether it maximizes at

�1 � 0:070 (i.e., if it obeys Eq. [3]). In actual cases,

number of EQs, depending on the threshold magni-

tude, are usually many tens and the number of

subareas a few to several thousands. Then by

performing an averaging procedure over all those

proper subsets we expect that the average will also

satisfy Eq. [3].

In the new approach, the �1-values of all these

subareas and the largest area A, are treated on

equal footing, which means that the adopted largest

area A may be a proper subarea of a larger area

in which the main shock actually occurs. This is

a useful notion when the selectivity map of the

concerned station is incomplete or a portion of

it is adopted for some reason as in the case of

Subsection 3.5.

We shall demonstrate in the next section, by

applying the new procedure to the cases of the

most recent SES activities and associated EQs

in Greece, that it seems to help determining

the time-window of the impending main shock

with much less arbitrariness than the previous

method.

3. The application of the proposed procedure

to the most recent examples

In the following, we will describe the case

studies for the recent Greek events. In Fig. 2, we

depict four SES activities that have been recently

recorded at the stations PAT (in central Greece)

and PIR (western Greece):

Fig. 2(a) on Nov. 7, 2007, at PAT

Fig. 2(b) on Jan. 10, 2008, at PAT

Fig. 2(c) on Jan. 14, 2008, at PIR

Fig. 2(d) on Feb. 9, 2008, at PAT.

In addition, we illustrate, in Fig. 3, long duration

(lasting for several days) SES activities recorded

recently at PIR.

Fig. 3(a) from Jan. 21 to 26, 2008

Fig. 3(b) from Feb. 29 to March 2, 2008

These have been ascertained to be SES

activities by applying the usual criteria (i.e., the

conditions [3] and [4]) as explained in Refs. 39)–41).

We now apply the present procedure to all these

cases. Here, we present the results for the magni-

tude threshold Mthres ¼ 3:2, but additional thresh-

olds (Mthres ¼ 3:1 and 3.3) were also checked to

ensure magnitude threshold invariance of the re-

sults (cf. In one case, discussed in Subsection 3.5,

higher magnitude thresholds have been considered

for the reasons that will be explained there).
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Fig. 1. The area A (in thick black rectangle) and its rectan-

gular subareas Rj(i), corresponding to the proper subsets

immediately after the occurrence of the second EQ ‘‘2’’ (upper

panel), the third EQ ‘‘3’’ (middle panel) and the fourth EQ ‘‘4’’

(bottom panel). The location of each EQ is shown by an open

star. Right column shows that �1 values can be obtained for

each subset.
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3.1 The case of the SES activity at PAT on

Nov. 7, 2007. The investigation of the seismicity

subsequent to that SES activity (Fig. 2(a)) was

made39) in the area A: N38:6
37:6E

23:3
20:0 inferred from the

selectivity of PAT. At 05:14 UT on Jan. 6, 2008, a

major EQ (M6.6) occurred with epicenter at 37.1	N
22.8	E, i.e., about 50 km to the south of the area A.

What happened before that EQ can be seen in

Fig. 4 (Mthres ¼ 3:2), which shows that Probð�1Þ
maximizes at around �1 ¼ 0:073 upon the occur-

rence of a small event at 04:49 on Jan. 4, 2008,

i.e., almost two days before the main shock. In

this case, it was found h�1ðPMthresÞi"½AMthres� ¼ 0:070

with standard deviation 0.008. (The symbol

h�1ðPMthresÞi"½AMthres� stands for the average value

obtained when using the ensemble "½AMthres�).
3.2 The case of the SES activity at PAT on

Jan. 10, 2008. For this SES activity (Fig. 2(b)),

the investigation of the seismicity was also made in

the area A: N38:6
37:6E

23:3
20:0.

40) The results are shown in

Fig. 5 (Mthres ¼ 3:2), where we see that Probð�1Þ
exhibits a bimodal feature. A secondary peak at

�1 � 0:070 (not exactly 0.070 but close) tends to

become gradually dominant on around Jan. 31.

Actually, at 20:25 UT and 22:15 UT on Feb. 4,

2008, two EQs with magnitudes 5.4 and 5.5

occurred at around 38.1	N 21.9	E inside the studied

area A at a small distance (�10 km) from the

measuring station PAT.

The bimodal feature in Fig. 5 might, in some

way, be related to the occurrence of the two EQs

with comparable magnitudes, i.e., M � 5:5, but its

mechanism is unknown at this stage.Fig. 2. Recent SES activities recorded in Greece.

Fig. 3. The most recent long duration SES activities recorded at PIR: (a) Jan. 21–26, 2008, (b) Feb. 29–Mar. 2, 2008.
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Fig. 4. Study of the Probð�1Þ for the seismicity (Mthres ¼ 3:2) that occurred within the area N38:6
37:6E

23:3
20:0 after the SES activity at PAT

on Nov. 7, 2007.
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Fig. 5. The same as Fig. 4, but for the SES activity at PAT on Jan. 10, 2008.
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3.3 The case of the SES activities at PIR

on Jan. 14 and Jan. 21–26, 2008. When the first

SES activity was recorded on Jan. 14, 2008 at PIR

(Fig. 2(c)), the study of the seismicity was imme-

diately started in the area A, i.e., PIR selectivity

map area N38:6
36:0E

22:5
20:0 as indicated in Ref. 40). Almost

one week later, a long duration SES activity of the

same polarity and amplitude was recorded also at

PIR (Fig. 3(a)). The results of the computation

are depicted in Fig. 6 (Mthres ¼ 3:2), which reveals

that Probð�1Þ also exhibits a clear bimodal feature,

one mode of which maximizes at �1 � 0:070 upon

the occurrence of a small event at 04:07 UT on Feb.

12, 2008 (shown by an arrow). Almost two days

later, i.e., at 10:09 UT on Feb. 14, 2008, a major EQ

of magnitude 6.7 occurred at 36.5	N 21.8	E, i.e.,

inside the area A shown by the rectangle with

broken lines in Fig. 8. This EQ—according to

USGS catalogue (which reported Mw6.9)—is the

strongest EQ that occurred in Greek area during

the last twenty five years. A few hours later, i.e., at

12:08 UT, a M6.6 EQ, which could have been an

aftershock, occurred at 36.2	N 21.8	E. The bimodal

feature in Fig. 6 might also be related to the

occurrence of the two large EQs, but the mechanism

is unclear. In addition, because there were two

major SES activities in the month of January, i.e.,

before the two major Feb. 14 EQs, there is a

possibility that the occurrence of these two large

EQs might have been related with the appearance

of these two SES activities. In fact, it might even be

more proper to regard the two SES activities and

two large EQs, occurring in a short span of time

and space, as representing a single episode of SES

activity and correlated seismic activity.

3.4 The case of the SES activity at PAT on

Feb. 9, 2008. For this SES activity (Fig. 2(d)), the

up to date results (i.e., until early in the morning

on Mar. 19, 2008) of the study of the seismicity in

the area41) A: N38:6
37:5E

23:3
20:0 indicate that Probð�1Þ has

not exhibited a clear maximum at �1 � 0:070 yet

(see Fig. 7). It can be observed that the distribution

also has been bimodal. This investigation is still in

progress.

3.5 The case of the SES activity at PIR

during the period Feb. 29 to Mar. 2, 2008. This

was another long duration SES activity (see Fig.

3(b)). The investigation of the subsequent seismic-

ity is underway. This time the investigation is

conducted at first41) in the area N38:6
37:0E

22:0
20:0, which is

Feb 4 20:33
Feb 4 20:40

Feb 4 20:55
Feb 4 22:16

Feb 7 10:36
Feb 7 10:40

Feb 9 18:20
Feb 10 22:22

Feb 12 04:07

Feb 13 12:03

Feb 13 16:39

Feb 13 20:14

Feb 14 02:17

41
42

43
44

45
46

47
48

49
50

51
52

53

No of EQs after SES

0.00
0.02

0.04
0.06

0.08
0.10

0.12
0.14

κ
1

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

P
ro

b(
κ 1

)

Fig. 6. The same as Fig. 4, but for the area N38:6
36:0E

22:5
20:0 after the SES activity at PIR on Jan. 14, 2008.
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smaller than the known PIR selectivity area

N38:6
36:0E

22:5
20:0 . This was in an attempt to avoid as

much as possible the influence of aftershocks of the

Mw6.9 EQ at 36.5	N 21.8	E on Feb. 14, 2008. This

policy was considered justified, based on the notion

stated in the end of Section 2 that a criticality

approach would take place in proper subareas

simultaneously. At the same time, an attempt is

also made to extend the area A to include the

shaded area along the Hellenic Arc as shown in

Fig. 8. This extension is based on the recent pieces

of information for PIR sensitivity map, including

the occurrences of the aforementioned Mw6.9 EQ

on Feb. 14, 2008 and the Mw6.7 EQ at 36.3	N
23.2	E on Jan. 8, 2006 following the long duration

SES activity on Sept. 17, 2005 at PIR.42) In the

study for the extended PIR selectivity map area

(Fig. 8), we raised the magnitude threshold to

Mthres ¼ 3:9, 4.0 and 4.1, because the extended area

along the Hellenic Arc is highly seismic and there

were too many (more than half a thousand) events

to handle for Mthres ¼ 3:2.
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Fig. 7. The same as Fig. 4, but for the area N38:6
37:5E

23:3
20:0 after the SES activity at PAT on Feb. 9, 2008 (until Mar. 19, 2008,

see the text).
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4. Conclusion

Upon the recording of an SES activity, one can

estimate an area within which the impending main

shock is expected to occur based on the selectivity

map of the station concerned. Following the sub-

sequent seismicity, the probability density function

of �1 is obtained, which maximizes at �1 � 0:070

usually around a few days before the occurrence

of the main shock. This indicates the possibility

of making the prediction of the occurrence time

of major EQs with time window of the order of a

week or less.

Appendix

After the first submission (Mar. 21, 2008)

of the present paper, the ongoing investigation

(Subsection 3.5) of seismicity (for Mthres ¼ 3:2) in

the area N38:6
37:0E

22:0
20:0, after the SES activity of Feb. 29

to Mar. 2, 2008 recorded at PIR (Fig. 3(b)), showed

maximizations of Probð�1Þ at �1 � 0:070 on Mar. 25

and May 8. The former was followed by a Mar. 28

Ms(ATH) = 5.7 EQ (PDE of USGS reported

Mw = 5.6), at 35.0	N 25.3	E (see added star in

Fig. 8) approximately 150 km to the east of the

PIR selectivity map shown by the shaded area in

Fig. 8 and the latter was followed by a May 10

Ms(ATH) = 5.6 EQ at 36.4	N 22.3	E. However,

these EQs were considered to be too small for the

main shock of the observed SES activity (Fig. 3(b)),

because its amplitude was comparable to those

of the earlier SES activities also recorded at PIR,

including the one depicted in Fig. 3(a) and the

one on Sept. 17, 2005,42) both of which were followed

by magnitude 6�7 class EQs. Therefore, the study

of the seismicity in the extended PIR selectivity

map area (Fig. 8) still continues to see if a more

pronounced peak of Probð�1Þ at �1 � 0:070 will

eventually occur in the near future.

Note added43) on May 29, 2008. Upon the occur-

rence of a Ms(ATH) = 5.1 EQ at 35.5	N 22.4	E at

23:26 UT on May 27 (practically May 28), 2008,

Probð�1Þ exhibits a pronounced maximum at �1 �
0:070 marked by an arrow in Fig. A-1 drawn for

Mthres ¼ 3:9 (An additional arrow marks an earlier
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Fig. A-1. Probð�1Þ versus �1 of the seismicity, for Mthres ¼ 3:9, (subsequent to the long duration SES activity recorded at PIR during

Feb. 29 to Mar. 2, 2008) within the shaded area shown in Fig. 8. The two arrows mark the maxima at �1 � 0:070 that occurred on

May 8, 2008 (i.e., on the occurrence of the 29th event after the SES) and on May 27, 2008 (i.e., on the occurrence of the 32nd event

after the SES). The first maximum has been followed by the 5.6 EQ on May 10, 2008, as described in the Appendix.
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Fig. A-2. The same as Fig. A-1, but for Mthres ¼ 4:0. The last histogram corresponds to the 5.1 event on May 27, 2008 and exhibits a

maximum at �1 � 0:070.
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Fig. A-3. The same as Fig. A-1, but for Mthres ¼ 4:1. The last histogram corresponds to the 5.1 event on May 27, 2008 and exhibits a

maximum at �1 � 0:070.
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Fig. A-4. Probð�1Þ versus �1 of the seismicity (for Mthres ¼ 3:2) that occurred within the area N38:6
37:5E

23:3
20:0 after the SES activity

at PAT on Feb. 9, 2008. The last histogram corresponds to the 3.3 event at 13:14 UT on June 12, 2008 and exhibits a maximun

at �1 ¼ 0:070.
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Fig. A-5. Correlations between EQs, associated SES activities, dates of coincidence and arXiv papers. All the EQs with Mw � 6:0

that occurred in the Greek area during the period: Nov. 1, 2007–July 1, 2008 are shown by diamonds. The associated SES

activities are placed on the horizontal axis. Coincidence dates are shown by vertical solid lines. Slanted upward arrows point at

the dates of the arXiv papers reporting SES activity appearance (arrows on Nov. 23, 2007; Feb. 1 and Mar. 20, 2008) and

coincidence (arrow on May 29, 2008). The Mw ¼ 6:1 EQ on Feb. 20, not mentioned in the text, is an aftershock of the 6.9Mw

event on Feb. 14, 2008. It can be seen that the main shocks occur with very short time-windows after the coincidence, whereas

SES and coincidence are not necessarily too close in time.
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maximum on May 8, 2008 that preceded the

aforementioned Ms(ATH) = 5.6 EQ on May 10,

2008, see the Appendix). Similar maximum at �1 �
0:070 appears simultaneously for Mthres ¼ 4:0 and

Mthres ¼ 4:1 as shown by Figs. A-2 and A-3, respec-

tively.

Note added on June 9, 2008. Actually, at 12:25 UT

on June 8, 2008, a magnitude 6.5 (Harvard reported

Mw = 6.3) EQ occurred at 38.0	N 21.5	E, i.e.,

inside the candidate area A (Fig. 8). It caused

extensive damage (four people were killed while

several hundred houses were seriously damaged).

The magnitude expected from the amplitude of

the SES activity, as mentioned in the last para-

graph of Appendix, was reasonably well supported

by the actual EQ.

Note added on June 19, 2008. The up-dated results

of the study of the seismicity in the area A:

N38:6
37:5E

23:3
20:0 (shown by the rectangle with solid lines

in Fig. 8), subsequent to the SES activity at PAT

on Feb. 9, 2008 (Subsection 3.4), are shown in

Fig. A-4. In this figure, Probð�1Þ exhibits a maxi-

mum at �1 ¼ 0:070 at 13:14 UT on June 12, 2008.

This maximum was followed by a M5.6 EQ at 01:58

UT on June 18, 2008 at 37.7	N 22.8	E (almost

90 km ESE of PAT) lying inside the area A.

For the sake of reader’s convenience, all EQs

with Mw � 6:0 that occurred in the Greek area

during the period Nov. 1, 2007 to July 1, 2008 along

with the associated SES activities are summarized

in Fig. A-5.
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