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THE MUTUAL INFORMATION AS A TOOL FOR THE RECOGNITION
OF APRESEISMIC ELECTROMAGNETIC ANOMALY

F.VALLIANATOSY, C, P.YIALOURIS?, K. NOMIKOS® & A.B. SIDERIDIS?

ABSTRACT

Recent observations suggest that electromagnetic anomalies could be used as precursors to
carthquakes. The recognition of such signal is up to now mainly empirical. In the present work we use the
concept of mutual information as a working index for the recognition of an abnormal electromagnetic
signal. To demonstrate the results we use the horizontal components of electromagnetic field in 3 and 10
kH/ recorded from the “Crete electromagnetic network™.

NMEPIAHWH

[ToooqUTeS TAQUINONOLLE TUVIYOQOUW UITED NS WTOYNG OTL NMAEXTQOUUYVNTIALS SLUTAQUYES
TQONYOLVTAL TV oeloliv. H avayvoolom g TaQouoioag tmv fuolleTal #uolmg oty ewTeLola. XTiv
TAQOVOA €QYUGL N £VVOLA TNZ AUOLBULUS TATIOEOQLS YONTLROTOLELTUL UV EVUS AATAARAOS OCIATYS
YU TV AVUYVOOLOT AVOUCATES TAELTOOUUYVINTIAG OUITEQLEOQUS. Me T fonbele Tov Taodmdvo
OF AT OVIAVOVTOL OEDOUEV (ITTO TLg OQLLOVTILES CLVLOTOLS TOV NALATQOUCVIITLAOD TEMOV 0T 3 %y
10 kH7z ot delyvouv 01l n nébodog auty etval amotereoiatitr]. Ta dEdOUEVH (UTH EYOVV AUTUYQUELL
;10 10 TrAeneTolo Alxtvo Konne.

KEY WORDS : mutual information, preseismic electromagnetic signals

1. INTRODUCTION

In Geophysical literature a number of preseismic electromagnetic anomalies have reported (Gokhberg
et al., 1982: [raser-Smith et al., 1990; Yoshino, 1991; Nomikos et al.,1995; 1997; Vallianatos and Nomikos
1997). The approach used for the recognition of a preseismic anomaly is mainly empirical (Park et al.,
1993). A more objective approach using Artificial Intelligence techniques has been recently presented
(Yialouris et al., 1996). In the frame of the latter approach certain statistical and probabilistic methods are
applied to detect abnormal signals.

In the present paper we introduce a new statistical approach for the recognition of a preseismic
electromagnetic anomaly. The technique is based on the treatment of the signal as a stochastic variable. It
also uses the mutual information of a set of variables as an objective index of the presence of an abnormal
behaviour. We estimate the limiting values of the aforementioned quantity during the presence or absence
of an anomalous signal. These limiting values are possible working indexes for the recognition of a
preseismic anomaly.
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The applicability of the aforementioned approach, is tested by the application of electromagnetic data
recorded from the “Crete electromagnetic network” (Nomikos et al., 1997). This network is installed along
Crete island (South Aegean, Greece). In each field station, among other electromagnetic parameters, the
two horizontal components EW and NS of the electromagnetic field in 3kHz and 10kHz are measured,
using tuned loop antennas. A detailed analysis of experimental setup is given in Nomikos et al. (1995).

2.THE INDEX OF MUTUAL INFORMATION
Let X be a stochastic discrete variable with values x. If' p, is the probability P(X=x,) we define the
entropy H(X). (Papoulis, 1991), of the stochastic variable X as
H(X)= -2 p, In(p).
For a continuous stochastic variable X it may be shown that H(X) could he dcfined as:

_X -:(III_

1

7 A
H(X) =— s = B{-In(i(x)))

where {(x) is the probability density function and /F\ is the expectation value operator (Schart, 1984).
The definition of entropy H(X) of a distribution gives a measure of the spread of the distribution or,
equivalently, the uncertainty of the stochastic variables drawn from it. Assuming that the stochastic
variable X follows the normal distribution N(it,0,) with average 1 and standard deviation o, it is not
difficult to show that

H(X) =In (o, 1. (1

We proceed now to the definition of joint entropy H(X,Y) of two stochastic variables X and Y. If X
and Y are discrete variables with P(X=xi, Y=yi)=p, then the joint entropy is defined as
HX.)Y)=-Zp, In(p;)
I a similar way for two continuous variables the joint entropy is given by

A g
HX)=- log (2H) = E tndtom),
1 A s A P h r
where f(x,y} is the joint distribution function. For a joint normal distribution function N(i ,.0,.0,.1),

(r is the correlation coefficient between the variables X and Y) it is shown that (see Papoulis, 1991)

H(X,Y)=In (2me ).
where D=0,_o0, (1-12), L
In order to define the “informatic correlation™ between the stochastic variables X and 'Y the mutual
information is defined as
IO Y)=HXO+H(Y)-HX,Y)
If the variables X, Y are uncorrelated, then I(X,Y)=0. Furthermore, for two stochastic variables, with
normal joint distribution tunction, the mutual information is given as :

(X.Y)=- »\ /_l In(1-r2).

The latter expression implies that if the stochastic variables X and Y are uncorrelated then r=0
andl(X.Y)=0. Furthermore the mutual information attains high values as the correlation coefficient
approaches unity.

We now proceed to generalise the above for the case of a set of N stochastic variables. Let us assume
that X=(X.X,....,X) represent an array of N stochastic variables. The probability characteristics of the N
variables are described by the joint probability distribution function FOXO=HX X, LX) The joint
entropy is (Papoulis, 1991),

HOO=HX ) X Xy = E [ndX)]
It the stochastic Wnglxg Big MoerestBibegdnorogi T pdyiatEwoyitip AIRI@bility function
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where M= )= E(X) is an array in which the clt;\mems are the expectation value of the variable X,
and C s the covariance matrix with elements ¢, = E xR Then, the joint entropy of H(X) is:
F(X)=In( . (2)
T=1+
[nasimilar way we define the generalisation of mutual information
[(X) = X H(Xi) - H(X). (3)
Substituting equations(1) and (2) in (3) we obtain

uxp,/1m< ) )
\ 3

If the variahles X, are independent. i.e. uncorrelated, then the covariance matrix is diagonal so that

C”=0i2, if i=] and c”:() if i=j, and, as a consequence, 1(X)=0.

4. APPLICATION OF MUTUAL INFORMATION INDEX IN VLF ELECTROMAGNETIC DATA

In this section we present
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Taking into account that the values of our variables are normally distributed, (figure 1) we use
cquation (4 for the calculation of murual information taking & time window of 100 sampies and a4 window
step of 10 samples. Figures 2 and 3 present two typical examples of the time dependence of mutual
intormation. As we can sec in figure 2, a high value of mutual information appears. This value is correlated
with a preseismic electromagnetic anomaly recorded in all channels at the same time period (see Nomikos
and Vallianatos. 1996: Nomikos ¢t al., 1997y, On the other hand tigure 3 does not present any unusually
high value of 1(X), since the electromagnetic time series contain only background noise in the vicinity of
thetfield station.” A detailed examination, using an electromagnetic time series with almost a vear duration,
indicates thar the presence of an abnormal clectromagnetic signal lcads to mutual information values
grater than 6. In contrast, the values I(X) corresponding to clectromagnetic background does not exceed
4. We point out that the index of mutual information is in logarithmic scale. The Tatter meuns that, in the
aforementioned case, the argument of logarithm in equation 4 varies at least five orders of magnitude.
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Figure 2: Time dependence of mutual information in the presence of a preseismic electromagnetic anomaly. The
calculation is based on four stochastic variables (i.e on eleciromagnetic variation ar 3 and 10 KIT7 in EW and NS
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Figure 3: Time dependence of mutual intormation taking into account only the presence ol the natural clectromagnetic
background. The calculation is based on lour stochastic variables (i.e on electromagnetic variation at 3 and 10 KHz in
EW and NS dircection)

The presented results, from the physical point of view, arc straightiorward. since the presence ol a
preseismic signal in all the measured nme series increascs their correlation. Hence the values of mutual
information increases signiffcantly. In the presence ol only the eleciromagnetic background, the recorded

time series are highly independent and the mutual information attains lower values.

5. CONCLUDING REMARKS

We have attempted to define an objective criterion for the recognition of a prescismic electromagnetic
anomaly. We¢ have suggested that a working index is the mutual information. The presence of an abnormal
electromagnetic signal simultancously in all the recorded time series Icads to high values of the mutual
information. The latter index could be used in the future as a part of an expert system appropriate for an
objective recognitionHniprogreBitiokrixknd@adppactog” - TuAua Mewoyiag. A.MN.O.
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STUDY OF SPATIAL DISTRIBUTION OF CODA Q WITH RESPECT
TOTHE SEISMICITY IN CENTRAL GREECE

I. G. BASKOUTAS!

ABSTRACT

The spatial distribution of coda attenuation parameter Q. was studied in the castern part ol central
Greece. Attenuation parameters were estimated by applying the single isotropic scatiering model to the
time decay ol coda waves. Analysis was performed as a function of tapse time and frequency. In order to
investigate the regional distribution of Q_ values we separate the objective arca into many grid points,
homogencously distributed. Then at cach grid point we calculate the average of the observed Q. values
from each station-cvent pair. The smoothed spatial distribution of € at low frequency range shows a
remarkable correlation with scismically active areas. the main fow Q_ spots appear on or very close to
specilic strong scismic sources. At the higher Irequency hand (8-12H7). spatiat Q_ distribution seem to he
uncorrclated with seismicity, Such distribution may he controlled by the deeper structure of the examined
arca.

KEY WORDS: Coda Q, Greece, seismicity

1. INTRODUCTION

Recently there has been a growing interest in the study of seismic wave attenuation in the carth, The
observations show both large and small scale regional differences of the attenuation properties. The
desirability of using all available data 1o study those propertics, makes models of coda excitation an
important tool. Coda attenuation Q_ iy a parameter which can be casily estimated by applying one of
several coda scatlering models. istimation of the Q_ factor and its time and [requency dependence
indicates how heterogencous the areas under study are.

A widely accepted hypothesis on the nature of coda waves of local earthquakes was developed by Aki
(1969). and Aki and Chouet (1975). and was later extended by Sato (1977). Thus coda is considered to be
waves scattered by randomly distributed heterogeneities in the lithosphere and Q_ is a parameter which
phenomenologically characterizes the coda amplitude decay gradient. Q_is then assumed to be expressed
in terms of scattering Q. and intrinsic Q, in the lorm (\)"J =Q, L Ql‘ (Daintv, 1981). In the single
scattering model. however. we cannot separate Q__from Q.. Separation ol intrinsic from scattering
attenuation was attempted by Fehler et al.. (1992).

The mean value estimated from coda decay reflects an average Q. within a certain volume which
includes source and receiver.

It is well known local seismotectonic features can have a significant cffect on the amplitude decay and
the shape of locally recorded earthquakes. Many investigators have measured Q_ ina number of arcas and
carrelared the results with the nature of geotectonic features (Aki and Choucet, 1975; Singh and Herrmann.
1983: Jin and Aki. 1988; Sato, 1984; Matsumoto and Hascgawa, 1989).

In the present study we estimated spatial distribution ol Q_ values in the lithosphere in central Greece.
Then we examined these results in terms of the shallow scismic activity within the extent of a local seismic
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