IIPAKTIKA THYX AKAAHMIAY AOGHNQN

ZYNEAPIA THX 111z NOEMBPIOY 1993

IMPOEAPIA KONXETANTINOY AEZIIOTOIIOYAOY

SEIZSMOAOTTA. — Evaluation of the success of earthquake predictions beyond
chance, by K. Eftaxias, F. Vallianatos, J. Polygiannakis*, dix tod ’Axa-

Inpainod x. Kaloapog *AdreEomodhov.

ABSTRAGT

A 3 year continuous sample of official predictions based on the observation of Seismic
Electric Signals in Greece was recently published by Varotsos and Lazaridou (1991). Four
independent groups, Uyeda (1991), Hamada (1993), Shnirman et al (1993) and Nishizawa
et al (1993), have analysed this sample and concluded that the success of the predictions is
far beyond chance. However a fifth group, i.e. Mulargia and Gasperini (1992), claim that
these predictions can be ascribed to chance. In the present paper we show that Mulargia
and Gasperini’s procedure: (i) violates general principles to such an extent that it «rejects»
the results even of an ideally perfect earthquake prediction method, (ii) it leads to the para-
dox that the predictions can be more safely ascribed to chance when the ideal prediction
method achieves a larger number of excellent predictions (although isolated in time and
space), (iii) when applied to an ideally perfect earthquake prediction method it can lead to
the wrong conclusion that the true precursors are «post-seismic effects», (iv) exactly for the
same set of ideally perfect predictions (issued above a certain magnitude threshold) one can
extract contradictory conclusions, i.e. that they either can be ascribed to chance or far be-
yond chance by just selecting different magnitude thresholds for the earthquakes. This lack
of self-consistency is mainly due to the following two facts: (a) Mulargia and Gasperini do
not select for their study a common magnitude range for the earthquakes and predictions
but they take different magnitude threshold for these two sets of experimental data and (b)
they use Poisson distribution when both mainshocks and (large number of) aftershocks are
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involved in the calculation. Furthermore in the specific application of the MG-procedure to
the SES predictions, Mulargia and Gasperini, except of the aforementioned points, also con-
fused various kinds of electrical precursors that have different lead-times.

INTRODUCTION

Since a couple of years official predictions are issued by the VAN-group
in Greece for earthquakes (EQ) with magnitude (M) larger (or equal to) 5-units
that are based on the observation of the so called Seismic Electric Signals
(hereafter called SES). They forecast the epicentral location and the magnitude
of the impending EQ within a certain time-window At. A three year continuous
sample of these predictions has been recently published by Varotsos and La-
zaridou (1991) evaluated by five independent groups which followed different
statistical methods. The conclusions drawn by these groups are as follows:

(i) Hamada (1993). «... for EQs with Mg (USGS) = 5.0 the ratio of the
predicted to the total number of EQs is 6/12 (50%,) and the success rate of the
prediction is also 6/12 (509,) with a probability gain of a factor of 4. With a
confidence level of 99.8%, it is rejected that this success rate can be explained
by a random model of EQ-occurrence taking into account a regional factor
which includes high seismicity in the prediction area...».

(ii) Shnirman, Shreider and Dmitrieva (1993). «... According to the test
based on the independent earthquake catalogs (NOAA, ESMC), the earthqua-
kes and the VAN prediction telegrams are in obvious correlation if we select
both for strongest magnitudes...».

(iii) Nishizawa, Lei and Nagao (1993). «... Results show that the model
assuming seismic electric signals as precursors of EQs gives the best fit to the
data...».

(iv) Uyeda (1991). «... the actual success rate and alarm rate... are both
estimated to be about 609%,...».

(v) Mulargia and Gasperini (1992) (MG). «... the claimed success can be
very confidently ascribed to chance; VAN-predictions show a much better
association with the events which occurred before them...».

It is therefore obvious that the MG-claim contradicts the results of the
other four groups the conclusions of which (although following quite different
methodologies) practically coincide. It is the scope of this paper to examine
the origin of this contradiction. It is organized into two parts as follows:

Part I contains three paragraphs that do not deal at all with the specific
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application of the procedure followed by Mulargia and Gasperini (MG) to the
SES predictions but examines the validity of the MG-analysis from a general
standpoint. More specifically in the first paragraph the attention of the reader
is drawn to the fact that when the MG-procedure is applied to an Ideally
perfect prediction method (i.e. to a method that by definition achieves the
prediction of all earthquakes with an excellent accuracy as far as the time,
epicentral coordinates and the magnitude are concerned) it leads to the
«conclusion» that this IDEAL method should be rejected. In the second
paragraph we recall the basic principles of the Poisson distribution and ex-
plain with precise examples that the MG-procedure (which is based on the
Poisson distribution) cannot be used for the evaluation of an IDEALLY per-
fect prediction method when both mainshocks and aftershocks are involved in
the calculation.

In the latter case we draw the attention of the reader that the MG-pro-
cedure can also lead to the wrong conclusion that true precursors are «post-
seismic effects».

In the third paragraph we indicate the necessary precautions that should
be taken in order to evaluate correctly (in the frame of Poisson distribution)
experimental result of an earthquake prediction method.

Part II deals with the MG-application to the SES predictions. It clarifies
that MG (except of the aforementioned points) have also misundestood some
basic SES physical properties. Part II also shows that the MG-conclusions
change dramatically when the points discussed in the Part I of the present
paper are considered.

PART 1. EXAMINATION OF THE VALIDITY OF THE
MG-PROCEDURE FROM A GENERAL STANDPOINT

1. «Conclusion» of the MG-procedure when applied to an ideally perfect
prediction method.

In this paragraph we shall «evaluaten an IDEALLY perfect prediction
method by employing different magnitude thresholds for the EQs and for the
predictions respectively in a way exactly similar to that followed by MG. We
shall see that the result drastically depends on the thresholds chosen. For the
sake of comparison we shall intentionally use numbers comparable to those
used by MG, i.e. (almost) the same time-period of observation, the same time -

window and comparable number of events.
19
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Case a. Thresholds : Mg (EQ) > 5.8 and Mj (pred) > 5.1

Assume a total observation period (T) of approximately 3 years, e.g. 1100
days during which two strong EQs (M = 605) occurred at two remote areas
A and B. Except of these two EQs a number (e.g. 18) of independent smaller
shocks (NOT aftershocks) with M ranging from 5.1 to 5.5 (see Fig. 1) occurred
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Fig. 1. Example of the results of an Ideally Perfect Earthquake Prediction Method (IPEPM)
used to check the correctness of Mulargia and Gasperini’s (MG) procedure. It is assumed
that within almost 3 years (i.e. T = 1100 days) this IPEPM achieved to issue 20 excellent
predictions (upper time chart), i.e. r =0, M = 0, preceding (each one with t s 22 days) 20
independent EQs (lower time chart) with different (remote) epicenters and with magnitudes
from 5.1 to 6.5. By applying the MG-procedure to this ideal case one finds s.l. = 0.2, i.e.
that these excellent predictions could be ascribed to chance. The origin of this paradox is

discussed in the text.

at various seismic regions. Assume now that for ALL these 20 EQs the IDE-
ALLY Perfect Earthquake Prediction Method (IPEPM) achieved to issue pre-
dictions with an excellent accuracy in the epicentral location (i.e. Ar=0)
and in the magnitude determination (i.e. AM = 0). The time-window, At, is
quite small, e.g. it lies between a couple of hours and 22 days (and hence At <
22 days).

Let us apply now the same procedure and thresholds asin the MG-publi-
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cationin order to evaluate the above results. They selected a magnitude thresh-

old of Ms > 5.8 for the EQs (EQs) and a different threshold of Ms > 5.1 for the

predictions (pred). With in these thresholds one has 2 EQs and 20 predictions

so that the two «mean» probabilities Prgs and Pprq are:

Pros =2 EQs [ 1100 days and Ppreqa = 20 pred / 1100 days

Therefore the quantity (At Pgos Pprea T) calculated by MG is:

(At Pegs Pprea T) = 22 days . (2EQs/1100 days) . (20 pred/1100 days) .
1100days = 0.8

The significance level (s.1.) is calculated from the (upper part of the) cum-
mulative Poisson expression :

TS R L e
X=n

By inserting into Eq (1) the above value of (At Pgqs Pprea T) = 0.8, one
finds for n = 2 a result of around 0.19. For the convenience of the reader we
give in Fig. 2 the value of the complicated expression (1) (Abramowitz and
Stegun 1970) for various values of n, where n denotes the number of the EQs
successfully predicted; the horizontal axis represents the aforementioned
quantity (At Pegs Pprea T) and the vertical axis denotes the so called signi-
ficance level, s.l., which should be smaller than 0.05.

As the above value of (s.l.) =0.19 is much larger than 0.05, the MG-
procedure «concludes» that the excellent predictions depicted in Fig. 1 could
be achieved by chance and hence the IDEALLY perfect prediction method
(cf. that it has predicted all the 20 EQs —isolated in time and space— with
excellent accuracy) is questionable.

The paradox of the above result becomes more evident if we consider
alarger number of EQ in the same time period e.g. if we assume that in the ex-
ample depicted in Fig. 1, a third EQ with M = 6.5 occurred at another remote
area C and an additional number of 9 (independent) smaller EQs at various
areas with M ranging between 5.1 and 5.5. The IDEALLY perfect prediction
method would have predicted with excellent accuracy all these additional
EQs (and hence we have now totally 30 EQs and 30 predictions) but the MG -

calculation now gives:

(At Prgs Pprea T) = 22 days . (3EQs / 1100 days) . (30 pred/1100 days) .
. 1100days = 1.8
The value —see Fig. 2— corresponds (for n = 3) to a significance level =
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Fig. 2. The significance level (s.l.) as resulting from the calculation of the quantity.
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versus the exponent (At.T PeqQs Ppred) for various values of n (= number of successful pre-
dictions). For the help of the reader the s.1. -value of 0.05 is also depicted (see the text).

0.27 i.e. even worse than in the previous case. In other words when the IDEAL-
LY perfect prediction method achieves a larger number of successful predic-
tions, the MG-calculation leads to the conclusion that the resulis can be as-
cribed to chance to a higher degree.

If we consider a smaller number of events than that depicted in Fig. 1,
e.g. 14 excellent predictions and 14 EQs (two of them with Ms = 6.5 and 12
with Ms between 5.1 and 5.5), the MG-calculation leads to s.l. = 0.1. There-
fore these predictions can be again ascribed to chance but with a smaller s.l.
value than that resulted from Fig. 1.

Case b: Ms (EQs) > 5.5 and Mg (pred) > 5.1
Let us repeat the MG-calculation of s.1. by taking exactly the same data
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(i.e. those of Fig. 1) asin case a, but now changing only the magnitude thresh-
old of the EQs from 5.8 to 5.5. In this case Fig. 1 shows that the number of
EQs with Ms > 5.5 is 6 and hence the exponent becomes:

(At Pegs Pprea T) = 22 days . (6EQs/1100 days) . (20 pred/1100 days) .
. 1100 days = 2.4.

and then the (s.l.) is calculated to be: (s.l.) = 0.036 which means that the
predictions of the EQs depicted in Fig. 1 CANNOT be attributed to chance.
This result however is in obvious disagreement with that obtained in case (a).
In other words when evaluating the IDEALLY perfect prediction method
(the forecastings of which are depicted in Fig. 1) we can: (i) either «reject it
(because s.l. = 0.19 ) 0.05) when we select magnitude thresholds: Ms (EQs) =
5.8 and Ms (pred) > 5.1 or (ii) to accept it as reliable (i.e. s.I. = 0.036 { 0.05)
when we select: Ms (EQs) > 5.5 and Mg (pred) > 5.1. As in both cases (a) and
(b) we have analysed the same set of experimental data, the contradictory
results come from the selection of different magnitude thresholds for EQs and
for predictions when checking their association.

Attention is drawn to the point that when we select in the example of
Fig. 1 the same magnitude thresholds both for EQs and predictions we always
find a s.l. -value appreciably smaller than 0.05; for example by taking either
Ms (EQs) = 5.8 and Ms (pred) > 5.8 or Ms (EQs) > 5.5 and Ms (pred) = 5.5
we find s.l. << 0.01.

2. Does the MG-procedure follow the restrictions under which Poisson distri-
bution is applicable?

The Poisson distribution gives the probability p(n) that 0, 1, 2, ..., n (n =
integer) unlikely events will occur in a given period. The formula for the pro-
bability p(n) that a rare event will occur n times in a given period is:

L o
p(n) - n| £
where p. is both the mean and the variance of the frequency distribution; the
value of u is estimated from an earlier sample of data by computing X, where
X is the average number of times the event occurred in the period of the same
length in the past.
Attention is drawn to the point that the Poisson distribution is derived
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under the fundamental assumption that the events occurred: independently of
each other (and that the probability did not change with time). It is therefore
obvious that in the seismological data, the Poisson distribution can be used
ONLY when mainshocks (but NOT aftershocks) are considered in the calcu-
lation. In other words, general principles demand that the evaluation of the
IPEPM that was able to predict both, all the mainshocks and all the after-
shocks CANNOT be done by using Poisson distribution in the way used
by MG.

We proceed below to a few remarks indicating how one can reach non -
acceptable results (from physical points of view) when violating the afore-
mentioned general principles emphasized in several text books and in early
papers (e.g. Aki, 1956).

(a). Let us take the example depicted in Fig. 3. In this example we as-
sume that within a total period of T = 1100 days two major EQs with Mg = 6.5
occurred at two quite different areas A and B and that each of them was follow-
ed by number, e.g. 6, aftershocks. We assume that for all these EQs excellent
predictions (Ar =0, AM = 0) have been issued with At = 22 days and that
each aftershock occurred 12 days after the previous EQ. By following the
MG-calculation of P,.q we have the value of Pyq = 14 pred/1100 days
that considers both, the 2 mainshocks and the 12 aftershocks. This number
of Pprea «means» that during a continuous period of around 3 years, on the
average one prediction (for M > 5.1) was issued almost every 2.5 months. This
is not so because Fig. 3 shows that the rate of issuing predictions was very
large (i.e. 1 prediction/12 days) only during the two time-periods (each one
lasting only 2.5 months approximately) of high seismic activity at the areas
A and B respectively but very small, i.e. zero, during the intermediate period
of around 2.5 years between the two seismic activities. Therefore when con-
sidering (a large number of) aftershocks, the so called «mean» probability
does not represent the real picture.

(b) When we select the same magnitude threshold for both EQs and pre-
dictions, the Poisson distribution should also not be used when we have a signif-
icant number of aftershocks. Thisis obvious from the following simple exam-
ple: Assume that during a period of T = 1100 days, 5 EQs occurred in two
scenarios: (i) one 6.5 mainshock accompanied by 4 smaller aftershocks with
M ranging from 5.1 to 5.5 (that occurred e.g. within 2 months after the main-
shock), (ii) five EQs with M between 5.1 and 6.5 occurred at remote areas and
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Fig. 3. Another example of the results of an Ideally Perfect Earthquake Prediction Method
(IPEPM) in order to check the correctness of MG-procedure. It is assumed that within
T = 1100 days the IPEPM achieved fourteen excellent (i.e. Ar =0, AM = 0) predictions
preceding (each one by At = 22 days) fourteen EQs with magnitudes from 5.1 to 6.5. It is
assumed that the two 6.5 EQs are mainshocks that occurred at two remote seismic areas
A and B and that each of them was followed by 6 aftershocks (e.g. each aftershock occurs
12 days after the previous EQ).

at different time periods and hence completely independent. If we assume
that for all these EQs correct predictions were issued (with the same time -
window At) MG-procedure gives in both cases (i) and ((ii) the values: Pegs =
5 EQs / 1100 days and Pyeqa =5 pred [ 1100 days and hence the same s.l. -
values. This is not physically acceptable because achieving correctly the pre-
dictions of the five independent EQs (i.e. caseii) is appreciably more difficult
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than 5 predictions corresponding to one mainshock and to the 4 aftershocks
(case 1).

(c) How can one derive the wrong conclusion that true precursory phe-
nomena are post-seismic effects by misusing Poisson distribution.

Let us apply again the MG-procedure to the example of Fig. 3 in which
each 6.5 mainshock is followed by 6 aftershocks with the following magnitudes:
two with Mg = 5.5 and four with Ms = 5.4, 5.3, 5.2 and 5.1 respectively.

By selecting different magnitude-thresholds, e.g. Ms (EQ) > 5.5 and Mg
(pred) > 5.1, for the EQs and predictions respectively we find 6 EQs and 14
predictions. Let us examine now the «backward» time association of these
events, i.e. examine if each prediction is preceded by an EQ, by a time-lag up
to 22 days. We find 8 such backwards time associations (4 cases for each of
the two seismic activities depicted in Fig. 3) with AM (= Mgqs - Mpred ) smaller
than 0.4-units and hence:

(At T Ppgs Pprea) = 22 days . 1100 days . (6EQs / 1100 days) .
. (14 pred/1100 days) = 1.68
By inserting this value into Eq(1) we find (s.1.) << 0.05.

A misinterpetation of the above value can lead to the «conclusion» that
the excellent predictions achieved by a IPEPM are «post-seismic» effects.

It is obvious that this conclusion is wrong and is a consequence of the
following two errors: (i)the use of Poisson distribution when both mainshocks
and aftershocks are considered in the calculation and (ii) the selection of dif-
ferent magnitude thresholds for the EQs and the predictions.

It is clear that when we have an aftershock sequence and a corresponding
number of predictions, it is expected to find a «backwards» association with
a small s.l.-value depending on the density of the (non-independent) events.
This emphasizes again the critical importance of considering independent
events when we study the association of two time-series.

3. Necessary precautions when evaluating the results of an EQ-prediction method
in the frame of Poisson distribution.

It is far from the scope of this paper to suggest a method for the evalu-
ation of a precursor beyond chance. As already mentioned such detailed me-
thods hence already been suggested e.g. by Hamada (1993). We just indicate
that if one wishes to use Poisson distribution to check the true correlation bet-
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ween EQs and predictions, the following precautions should be taken : As a
first step we take only statistically independent EQs and predictions that be-
long to a (COMMON) magnitude range e.g. for M ranging from 5 to 7. As a
second step we investigate which of these events are correlated both in time
and space (e.g. At < 22 days and Ar < 120 km). Among these correlated
«pairsy we select only those that have a magnitude difference AM smaller
than a certain value, e.g. AM = 0.7 which we accept as experimental error.
As a third step we calculate the (s.l.) —by means of Eq. 1— that corresponds
to the latter number of correlated events (i.e. those correlated in time, space
and magnitude) and examine whether the resulting (s.l.) - value is smaller
than 0.05.

We should clarify once again that the above precautions are necessary
but not be sufficient. The procedure followed by Hamada (1993) —in which
he also considers a regional factor including high seismicity in prediction
area— is the most complete up to date.

PART II. COMMENTS ON THE SES-EVALUATION BY MG

SES Physical properties misunderstood by MG

Varotsos and Alexopoulos (1984, 1986), Varotsos and Lazaridou (1991)
have discriminated two different precursory phenomena, i: the Gradual
Variation of the Electric Field (GVEF) and the Seismic Electric Signals (SES)
as follows :

(i) The GVEF starts a couple of weeks before EQs with Ms > 5.5 and
lasts almost until the time of the EQ, i.e. it is a gradual variation of the elec-
tric field of the earth that has a long duration of the order of 1 month or so.
It was emphasized (Varostos and Alexopoulos 1986) that when GVEF is ob-
served then it is always followed by SES at the same station with the same po-
larity. (It is therefore abvious that when a prediction is issued on the basic
of a GVEF, it is not necessary to issue additional prediction after the SES col-
lection that is recorded later on).

(ii) A SES is a transient change of the electric field of the earth with small
duration i.e. from 1/2 min up to a couple of hours (cf SES up to 20 hours have
been observed). Concerning the time-window At one should pay attention to
the following distinction emphasized by Varotsos and Lazaridou (1991) :

Single SES: At in most cases is smaller than 11 days.
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SES electrical activity (i.e. series of SESs within a short time): although
the seismic activity may start with small EQs within 11 days, however the
first significant EQ (e.g. with M =~ 5.0) occurs after a few weeks (i.e. At =3 ~
4 weeks) after the initiation of the SES activity.

When a prediction is issued by Varotsos and coworkers, they always
state on which type of precursor anomaly (GVEF, single SES, SES electrical
activity) the estimation of the impending parameters was based on. There-
fore for each of these three cases, MG should have considered the appropriate
time windows and NOT mix them. As a characteristic example we state the
following prediction: On April 26, 1987 a GVEF started at Pirgos station (PIR)
and then a prediction was issued clarifying that EQ(s) with Ms = 5.5 will oc-
cur at an epicentral distance of 50 km from PIR. Actually, almost after one
month i.e. on May 29, 1987 (and later on June 10, 1987), seismic activity oc-
curred at a distance only a few tens of kilometers from PIR with Mg = 5.5.
This obvious successful prediction was misinterpreted by MG in two ways: a)
they consider the VAN prediction of April 26, 1987 as unsuccessful (because
they put as an upper limit for the corresponding expected EQ the value of 22
days, which is NOT correct for the GVEF) and b) they considered the 5.5
EQs of May 29, 1987 and June 10, 1987 as «missed» EQs as they did not find
any prediction 22 days before their occurrence.

It is interesting to note that if the above misinterpetation by MG is cor-
rected then the MG-calculation leads to quite different results (see Appendix 1)

Theoretical models for the SES generation

As for the MG-claim that there is a lack of a convincing physical expla-
nation for the phenomenon of precursory electric signals reported by Varotsos
and coworkers (1984, 1991) we emphasize the following : Varotsos, Alexopou-
los and Nomicos (1982) and later Varotsos and Alexopoulos (1986) have pub-
lished detailed thermodynamical aspects on the possibility of the emission of
the so called piezostimulated currents from the focal area. Furthermore other
workers, e.g. Dobrovolsky et al (1989), Slifkin (1993), etc., Lazarus (1993),
have already published a series of reliable physical models that can explain
the SES generation and transmission. These models have been discussed in
detail in a recent Conference (Park 1992, Park et al 1993) which also con-
cluded that the SES are actually generated in the earth.
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SUMMARY OF RESULTS AND CONCLUSIONS

I. We start from the general concept that in order to judge the correct-
ness of a statistical procedure (which claims that is able to test the effectiveness
of a prediction method beyond chance), an unambiguous way is the following: to
apply this statistical procedure to theresults of an Ideally Perfect Earthquake
Prediction Method (IPEPM) —which of course does not still exist— and
check the results.

In the present paper we have shown that:

a. The MG-procedure when applied to an IPEPM leads to the unaccept-
able «conclusion» that a series of repeated ideal predictions (i.e. those with
Ar =0 and AM = 0) achieved in a period (e.g. of 3 years) appreciably larger
than the time-window At (e.g. At < 22 days) for various (independent) seis-
mic regions can be ascribed to chance.

b. If the IPEPM happened to make a larger number of excellent predic-
tions (isolated in time and space) then the MG-procedure calculates a larger
value of the significance level, i.e. it «concludes» the paradox that these pre-
dictions could be ascribed to chance to a higher degree.

c. Mulargia and Gasperini do not consider a common magnitude range
(e.g. from & to 7-units) for both sets of the earthquakes and the predictions;
as a consequence one finds contradictory results for the same set of «experi-
mental data» (resulted from an IPEPM) when we just change the (different)
magnitude thresholds for the EQs and predictions. The lack of any self-con-
sistency becomes obvious from the following example discussed in the text:
when considering EQs with Mg > 5.8 (with Mg = 5.1) we find that the pre-
dictions can be ascribed to chance; on the other hand the consideration of all
EQS with Mg > 5.5 (with Myreq > 5.1) leads to the opposite conclusion, i.e.
that the predictions achieved are far beyond chance.

d. The MG-procedure when applied to an IPEPM can lead to the wrong
conclusion that true precursors are «post-seismic» effects.

Note that the above points a, b, ¢ and d, are general considerations and
do not depend on the SES predictions.

II. Concerning the specific application of the MG-procedure to the SES
predictions the following three points should be also emphasized:

a. By just repeating the MG-calculation after considering a common
magnitude range for the EQs and SES predictions we get values of the signif-
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icance level lying between 0.016 and 0.044 which show (contrary to the MG-
conclusions) that the predictions were issued far beyond chance.

b. Although using the Poisson distribution, Mulargia and Gasperini con-
sider both the statistically independent mainshocks together with (a large
number of) aftershocks that are not independent events.

¢. Mulargia and Gasperini confused various kinds of electrical precursors
(e.g. GVEF with single SES) that have different time-lags.

APPENDIX 1

5. Results of MG-calculation when considering common magnitude range
for earthquakes and SES predictions.

It is far from the scope of this paragraph to suggest a method for the e-
valuation of the SES predictions (because, as mentioned in the Introduction, it
has already been done by four independent groups) or to correct the MG-pro-
cedure (because the latter suffers in general principles). We would like only
to repeat here the MG-calculation after taking common magnitude range
(e.g. from 5.3 to 6.5) for the EQs and the SES predictions in order to show that
the resulting s.l. value is quite different. Towards this scope we give in Tables
1 and 2 the necessary data for all EQs (i.e. 11 EQs) with Ms > 5.3 and all pre-
dictions (i.e. 14) also with Ms > 5.3 that occurred during the period January
1, 1987 to November 30, 1989. In Table 3 we give only those EQs (i.e. 8 EQs)
with Ms > 5.3 which are successfully correlated with predictions (i.e. 8 predic-
tions) with Ms > 5.3 along with the corresponding deviations Ar and AM for
each case. (Note that the 5.8 EQ of March 19, 1989 is not included as, during
the preseismic period of this EQ, Varotsos and Lazaridou 1991 reported that
they were absent due to the participation at the NATO International Conference
in France). We recall that the prediction of April 27, 1987 refers to GVEF that
is recorded, as clarified above, a couple of weeks before the EQs. By repeating
now the MG-calculation we find the values summarized in Table 4. An in-
spection of this Table leads to the following remarks:

For At < 22 days, Ar < 120km, the 8 predictions described in Table 3
leads to a s.l. = 0.016. If the prediction accuracy is increased to Ar < 55 km
(and At < 22 days) the s.l. turns to 9.044 Note that in both cases the s.l. - va-
lue is smaller than 0.05 and hence it is precluded that the predictions can be
ascribed to chance. We draw the attention of the reader that the omission of
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TABLE 1
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All EQs with Ms > 5.3 within Ngé Ef';’ during the period January 1987 to November 30, 1989

DATE EPICENTER MAGNITUDE
YY MM DD N E M
87 02 27 38.37 20.42 5.9
87 05 29 37.53 21.60 5.5
87 06 10 37.17 21.46 5.5
87 08 27 38.93 23.81 5.3
88 05 18 38.35 20.47 5.8
88 05 22 38.35 20.54 5.5
88 09 22 37.99:21 .14 5.5
88 10 16 37.90 20.97 6.0
89 06 07 37.99 21.65 5.3
89 08 20 37.22 21.08 5.9
89 08 24 8789 20..1% 07

* by excluding the EQs in Albania and the EQ on March 19, 1989.

TABLE 2

All predictions with Ms > 5.3; Period January 1, 1987 to November 30, 1989.

DATE EPICENTER MAGNITUDE
YY MM DD N E M
87 02 26 37.94 20.32 6.5
87 04 27 37.67 21.46 5.5%
88 04 02 36.06 21.39 5.5
88 05 15 37.94 20.32 5.3
88 05 21 37.94 20.32 5.3
88 05 30 37.94 20.32 5.4
88 09 01 37.96 21.01 5.8
or 39.87 21.01 5.3
88 09 30 37.96 21.01 5.3
88 10 03 37.96 21.01 5.3
88 10 21 37.96 21.01 6.4
or 40.48 20.40 5.5
89 03 02 37.94 20.32 5.4
89 06 03 37.94 20.32 5.5
89 09 11 37.13 21.24 5.8
or 38.62 21.73 5.2
89 10 18 37.96 21.01 5.5

* It refers to a GVEF (see text) that is recorded a couple of weeks before an EQ.
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TABLE 3
All EQs with Ms > 5.8 and the corresponding predictions with Ms > 5.3.

Predictions EQ’s

DATE EPICENTER MAGNITUDE DATE EPICENTER MAGNITUDE

YY MM DD N E M YY MM DD N E M Ar

87 02 26 87.94°.220.82 6.5 87 . 1027275 88.37 20.42 579 48

87 Ok 927 37.67%-21.46 - 5.5% 87105 ‘29" 387.53 21.60 5.9 20
B7%06%%40™ 37 17  21.46 9.5 55

88 05 15 37.94 20.32 5.8 88 05 18 38.35 20.47 5.8 47

88 05 21 387.94 20.32 5,3 88 05 '22 38.36 20.54 5.5 49

88 09 01 87.96_ 21.01 5.8 %8 09 -22 87.99 21.11 L s 10

88 09 30 37.96, 21.01 T

88 10 03 387.96, 21.01 5.8%% 88 40,16, 37.90 20.92 .0 8

89 06 03 37.94 20.32 5.5 89 06 07 37.99 21.65 53 120

* The case of April 2, 1987 was reported as a GVEF (Varotsos and Lazaridou, 1991).
#% The predictions of September 30 and October 3, 1988 corespond to SES activities,
as reported by Varotsos and Lazaridou, 1991.

TABLE 4

Repetition of the MG calculation of the (s.l.) by considering a common magnitude range
e.g. 5.3 < Ms < 6.5, both for earthquakes and SES predictions (the data are given in Tables
1, 2, 8).

s At PEQs Ppreda  (At.PeEQs .Ppred A1) Ar n (s.1.)
(days) (days) (Km)

1064 22 11/1064 14/1064 3.1842 120 8 0.016
1064 22 11/1064 14/1064 3.1842 120 6% 0.104
1064 22 11/1064 14/1064 3.1842 55 7 0.044

* If GVEF is excluded.

the prediction on April 27 is critical as it turns the s.1. (see Table 4) at a value
larger than 0.05. However we emphasize again that this omission made by
MG is not justified in view of the obvious success of this prediction as it was
followed by two EQs with excellent accuracy in the magnitude (AM = 0) and
in the epicentral location (Ar = 20 km and 55 km respectively, see Table 3).
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APPENDIX 2

Backwards correlation obtained by MG
between VAN-predictions and Earthquakes

As already mentioned, MG claim that: «there is a little doubt that the
occurrence of a large event (Ms > 5.8) has been followed by a VAN prediction
with essentially identical epicenter and magnitude with a probability too large
to be ascribed to chance».

In the main text we have drawn the attention of the reader to the fact
that the MG-procedure when applied to an ideally perfect earthquake predic-
tion method it can lead to the wrong conclusion that true precursors are «post -
seismic effects». Therefore the answer to the aforementioned MG-claim is ob-
vious. However we proceed to the following clarifications for the help of the
reader:

The aforementioned MG-«conclusion» was based ONLY on three predic-
tions issued after the following 7WO EQs : (a) EQ on Oct. 16, 1988 and (b)
EQ on Aug. 20, 1989. As the reader may get a wrong impression that the afo-
rementioned two EQs were not preceded (but ONLY followed) by predictions
we discuss each case separately:

Case of 6.0 EQ on Oct. 16. 1988. Thirteen days before this EQ, i.e. on
Oct. 3, 1988, a prediction was issued (accompanied by a public warning on
Oct. 5, 1988) forecasting a 5.3 EQ(s) with epicenter(s) that practically coincid-
ed with the actual one of the EQ on Oct. 16, 1988. This prediction however is
NOT considered in Table 3 of MG although it is reported in their Appendix C
that listed our predictions.

Concerning now the prediction of Oct. 21 which is correlated by MG
backwards with the EQ of Oct. 16, we emphasize that the text as presented by
MG is NOT correct but differs drastically than the real one; more precisely the
text presented by MG (see Appendix C of their paper) reads: «predicted epi-
center 240 km west of other with Ms = 6. 3-6 . 5 (or 400 km N'W of Athens
with Ms = 5.5)». On the other hand the correct text as published by Varotsos
and Lazaridou (1991) reads: «predicted epicenter, several tens of km away
from W 140 with Ms = 6.3 - 6.5...». It is therefore obvious that the correct
text did not allow (due to the SES physical properties e.g. polarity, etc.) any
correlation of this prediction with an EQ from the already active area lying

240 km west of Athens (this is the one correlation on which MG-conclusion is
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based). Actually on Nov. 8, 1988 a 5.3 EQ occurred with an epicenter 170
km SW of Athens, i.e. this epicenter was indeed several tens of km away from
the previous one. Varotsos and Lazaridou (1991) has considered this prediction
as unsuccessful due to the large deviation between the predicted magnitude
from the actual one.

Case of the 5.9 EQ on August 20, 1989. This EQ was actually preceded
by a prediction issued on August 16, 1989 that predicted a Ms = 5.0 EQ with
an epicenter at 200 km WNW of Athens. By disregarding this correlation (may
be due to the deviation AM = 0.9), MG correlate backwards the prediction of
August 24, 1989 with the EQ on August 20. We clarify however that the pre-
diction of August 24, 1989 (epicenter within the zone WNW 190 — WSW
240 with Mg = 5.2 to 5.8) was actually followed by a Ms ~ 5.0 EQ with an
epicenter 170 km west of Athens i.e. only a few tens of km far from the predict-
ed zone.

As for the prediction issued on Sept. 11, 1989 (the content of which was
similar to that of Aug. 24, 1989) it was again correlated «backwards» by MG
with the EQ on Aug. 20, 1989 (this is the «third backwards correlation» made
by MG). We clarify however that this prediction was actually followed by
EQs with Ms between 4.7 and 5.0 with epicenter(s) just in the predicted zone.
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MEPIAHY H
Baowkig apyéc yua iy aworéynen mig pebodov mpéyveeng ceiopdv

Zvveygs Selypa Emonuov meoyvdoewy, Bacilopévey Eml ceiopixéy Rhextpr-
%@V onpatwy Ednpooctelly teheutaing Hmd T@v Bapdtoov xal Aalapidov (1991).
Téooapeg avebaptnreg 6padeg (Uyeda (1991), Hamada (1993), Shnirman x.&.
(1993) xod Nishizawa x.&.) dvéluoay 70 delypo xal cuvemépavay 8t 7 Emuruyia el-
o TOAD Tave &mo Tuyalag mpoyvdeels. “Ev tobtolg pia méumty opac (Mulargia
zal Gasperini 1992) ioyvpiletar 8t adrés ol mpoyvdoeis pmopel va dmodofoby
oty Toxn. Eig 10 mapdy dmuosicupa deiyvovpe étu # Sepyasta tév Mulargia xal
Gasperini: 1) mapafudle. yevirds dpytc ot téroro Babpd dHote va dmoppimrovrar dxd-
pn xal To gmotedéopata ks iSavixds tehelag peBédov mpoyvdsews celoudv, 2)
037 yet el 16 mapddoLov &t ol mpoyvdaels va umwopoly va arodofoly oy THyy Suap-
%@ ot peyardrepo Babud, doov 6 dplpoc TéV EmTuydy THg ISavinds Tedstag pe-
0680v adEdvetar (xaitor dmopovopéveg 6t ypedvo xal xGpo), 3) 68nyel oTd Eopal-
uévo ovumépacpa Gt mpaypaTiXd TE6Spopua oHMaT Elval UETAGELGUING QaLVOUEVA
Gxbun ol érav Epapublovrar of iBaviddc teheta péBodo xal 4) Emrpémer TV
eEayoy) dvTpaTixdy cupmepacuatwy Suk To (8o delypa Savixds 6p0@Y Tpoyvh-
cewv (89 Boov Teplopilovrar ot oelopods Tépav dedopévov xatwehiov) GHoTe V&
pmopoly v amodololv ety Toyn B Byt 3 Exdoyiic Sapbpwv xatweAiwyv peyé-
Oovc. Adty) 7 ENhewhn adrocuvermeiag dgetreton ot EEFg Sbo yeyovéta: «) O
Mulargia xai Gasperini @vti ve émihéEovy Sua Ti)v peréty Toug pia meproyd) peye0év
%o St GELGROVG %al TPOYVMGELS EYENGLULOTOMGY SLpOPETIXd XATOPALE Sk Tig
dbo oelpdc TetpapaTindy dedopévev xal B) yenoipomoroly xatavoudy Poisson mpo-
xeupévou dua xuplovg ceiapods xal modamhode petaseispods. [lépayv adrdv, oty
gpappoy) Tig Siepyasiag otic mpoyvdsers ol M.G. cuyyéouv T Sidqopa iy fhe-

TP BY TPOSPOUWY GNUATOLY, To 6Tola EYouY SLapopeTinods TEodpbrous Ypebvouc.
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