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To analyse seismicity (sequence of seismic events) it is necessary to determine an
energy-spatial-temporal intervab( AE; X, AX,Y,AY, Z, AZ; T, AT) — ESTI.

But characteristics of seismicity are significantly inhomogeneous from one ESTI to
another. In the same time it is possible to find relations between distributions of energy,
temporal and spatial characteristics for different ESTI. This confirms the idea about
existence of a common physical mechanism in earthquake generation process.

The universal scaling theory for energy, temporal and spatial characteristics is devel-
oped. It covers different approaches. Its application/fahich is inter-event timeat¢

or a new space parametérl,,,;,, (the minimal distance from current seismic event to
the nearest one in ESTI) is considered. The distributioA@f,;,, determines the dis-
tance of the new seismic event from old ones. Thus this parameter is very important
for seismic hazard estimation.

The main statement of the universal scaling theory is: a distribufiaf a charac-
teristicv is: F(v|[ESTI) = Fy(v/< v >') or for density of distributionf (v|ESTI) =
folvl< v >")I< v >’ (German, 2002, for inter-event times), whefrg and f, are
constant function anek v >’ is a scaling parameter. The calculation of the mean of
v in ESTI < v > with application of this statement shows that it is proportional to
scaling parameter v >'. Thus itis possible to use v >’ = < v >.

The analysis of the ratioAt/< At > andAd,,;n/< Ad,.:, > shows that they are
well approximated by the Weibull distribution. In case thas At or Ad,,, it is
possible to find the relation betweenv > and a number of eventSg sy in ESTI:
<v>= 1/(\NN’§STI), W = const thus< At > = AT INgg7r; and a new relation
< Adpin > =C(AL%INgsrr)™ was determined, wher€ is constant for a region



considered and; ~ 2.5.

Such relations are very useful becauégsr; is related with parameters of ESTI by
means of the Gutenberg-Richter law, which in generalized form (i) is:

Npsrr = A(X,Y,Z,T) E'=Y (1-[(E + AE)E]'™) AL AT =
= A(X,Y, Z,T)107°M(1 - 10°AM) AL AT,

whereAL = AX = AY andM is magnitude, in most casésE = const- E. Thusiitis
possible to write the scaling parameter through parameters of ESTI. The Gutenberg-
Richter law determines the distribution 6f(or A7) and the scaling parameter for it
(application of the gamma distribution fé@r also shows a possibility for scaling).

Another approach for scaling (e.g. Bak et al., 2002) is: covering the spatial area of
ESTI with a grid with cells of sizeAL. x AL, (new variants of temporal grid with
cells sizeAT, or for energy grid withA £, are also considered). Let’'s assume a total
number of cells is» and eachi-th cell hasN; events and a characteristi¢ with a
density of distributiorf; (v), < v; > =1/ (WN¥), and let's assume = 1/(W < N >¥)

(< N > = Nggrs In). Inthis caseR; = N; /< N > has also a stable distribution for
each kind of grid with density functiofi.(r) (for spatial grid see also Corral (2003)).
Therefore a mixture of density of distributiorigv) in cells is fx (v) and

fo() =E{N; fi(v)} EN; = S{(Ni/< N; >)fi(v)in=

= S{(Ni/< N >) (WN) fo(v WN))Y =

=W < N >* S{(Nid< N >)* 1 fo((Ns/< N >)F W < N >Fv)}/n=

=1 S{RF fo(RFulp)} In = {the last sum is just an average value or mean} =
= L [{rM T fo(rh ) fr(r)ydr =07t foc(vlp).

The last result means that it is possible to scale a mixture of distributions and in this
case the scaling parameterds /(W < N >F).

For At ¢ =AT /< N > and forAd,.., ¢ = C(AL?*/< N >)%. Again scaling
parameter can be written thought parameters of ESThafal size of grid) because
< N >=Nggrr I n.

The relation between Bak’s et al. (2002) scalifi@|ESTI) = go(vivs)lv, v, is the
scaling parameter, and the universal scaling theory is also determined:

fe() =97 foc(vlp) =v™t (vlp) foc(vlp) =v™" fop(vlp),
thus fop(vlp) =v  foc(vlp). Now it is clear, that to obtaid\t—! for v is At it is
not necessary to use Omori law.

The statistical analysis of scaled variables allows to obtain the Cox’s accelerated life



model. According to it a standard deviatiomofor any < v > is a constant and

<logv > = log(< v >) + const

This relation is useful for checking of possibility of scaling and for determination of
the scaling parameter properties by means of least square method application.

All relations are demonstrated féxt and Ad,,,;,, for some seismic events catalogues
(earthquakes and rockbursts).



