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FIG. 2: The probability distribution of the [correlation, c,j
between all earthquake pairs in the data base, with m< = 3,
using both the 2D metric and the 3D one. They are scale free
distributions over many orders of magnitude. The threshold
c< = 104 where correlations are considered significant and
links are made is indicated in the figure. Note that, with that
threshold, most links are eliminated from the network, giving
a reduced data set to examine seismic properties.



ioe

104 _.

100 h

1

0.01

- 6 _.io

io-8
 7io-7

UnljieJ scaling
( C<\ I ijom t a ) Corral , 2oo$

-

-

--- x
•
•
( 1

9
A
•

V
T

• • i

0.15/u
1.3 • 10 /̂
mc = 2, L
mc = 2,L
mc = 2, L
mc = 2,L
mc = 2, L
mc = 2,L
Tflc = Z, Li
mc = 2, L
mc = 2, L
mc = 3, X

mc = 3, L

. •

%
^_
^ \

+

= 0.625°, At = 1 day
= 0.625°, At = 1 year
= 0.625°, At = 9 years
= 0.3125°, At = 1 day
= 0.3125°, At = lyear
= 0.3125°, At = 9 years
= 0.15625°, At = 1 month
= 0.15625°, At = lyear
= 0.078125°, At = 1 year
= 1.25°, At = 1 day
= 0.625°, At = 1 year
= 0.625°, At = 9 years

. • i . . . i . . .

•

•

-

•

10- 6 10-5 io-4 o.ooi
4- r
IN

o.oi 0.1 10

/ rabs) X(i*i)/ac j

j o r s e v e r a l &{ j l / octroi
j l /

- 10

A/. Km

- 9

—

if

4
L



iiiv\Q - time cli stri button .•

law by &* k e/ a/ (2002)

k>e.{»/zen

Of mc in a random

Prokj ull1*1) -- M*-**

r c ID' **f±



« 4to • • •

+• • • • •

• •

mm •*

O\

r 1

T- X.

1

O
o

«o



3

-at

*

p*
Cu

•« -4

I"" ' " '

N

V j

0»

....ft . - • . . . _. ._l.it i.i 11 i I i i g

<N

^ P S . L W



0.01

10"

10"

10- 8

10

10

- 1 0

T ^ Ti r T ^ i I T | i r

= I +
=^25°;™; =

L = 0.3125°; mc = 2 •
' = 0.15625°, mc = ^

L = 1.25°, mc =

-12

0.01 0.1

0.06/
7000/

i w
2.2

10 100 1000
Ldf „ w

106 10'

of- TL (Corrtnl



5* Vn\j\eJ Scaling Lav by

philosophy applied U £(j?

care

the.

itfis'ioir, oj
oj If )

- or main- shocks

(therein nothing in the ^
difft* ales the$& even is )

a and temporal



Wai t-ihg ~tjm£ etislri

Universal seal i* a Uw by Corral

T&: time

of ii

E #<TL =



I / " \jied scaling / a u/ by Corrs I

Com I , Phys Qjii/E 6%(2ooh)
1UU

10

1

0.1

0.01

0.001

lO"4

10-5
10"

- • - •

,

- •

-4

• • •
.._ •-

t-

- - • ^

<Tal?forn
1988 - 9 1 , n

id

y t = 1988-91,fne =
x t •« 1995 — 98, me •

= 2.U,£

«2:o|£

t =^1988 - 91' ml ^ i o ) £

. . i . . . i
0.001 0.01

• I • • i •

- I t r

= i o ^ T ~ > v ~

. i . J . . .

0.1 1

I . . .

•

-

•

•

1 \i

• •<* -

+
. . 1 . . .

1 0 1(K

(no units)
FIG. 4. Local distributions of interoccurrence times for several

stationary periods and difFerent regions, after scaling by the rate.



j ) o

.£ Si MS

x
*
D
•

KEfC,Jtf >
NfflC, W > a, J, -

•
o

S
6
«
O
0

Kmc, u>a,r,
KtttC,M>V<

KEIC, M>&J.-W.
KKK, J" " " "
KEK;J
KEIC, J

M

KP£--
KRIC, A# 2r 5, ft - 4B°.
KEIC, 4/ > 5, L ~ 43*,

0,1no
1,1
2 0

3.'
0,1
0,3
11

Af 5 5,t =

O
9

a
a
a
o

B
a
m
m

N18C, .W > 6, L - 188*,

C, i f > fi, L - 90% ra,0)

NISC, iW>6ll
r.-45s,fell

NEIC, Jtf 5 6.5, SOT x MOT
N«K: M &&J 18

SOU,
SCS, Af > 2.©, /, -
SOW, M > 2.0, i-0-625*
SC84,
RC

i >

Japan, M > 31ft,. /, — 20*,

JsfwCMi^X-lp-;

W 3 ^ A l i r
jtf 5 2.5, £ . 5°,

d;jU > 3 5 /
K.
K. Zeala»d; W §
K. ZnAmd, Af > 3L&, L
K. 2eajta& tf ? 4»«,£.
\ . Zeafaad, Af > 3.5, J".
fr i IM-1-s.t ># •^ i s /« • Mmll Hit Sn f I rtls I*
K. Madrid, W 5 2.0.A.
Iberian P., A/ > 3.0, L
Iberian Rr M > 2a, A
IbttitoP. M>3.0,L

!
o
o

O
O
A BcitUkL, Ar>?jQ,i:-'

SOU, W > .
SC&4, W > 2.0,/. = 0.156*,

/? Oct



Th eofe.iical

The Shape of Corral's

If hhtri %rt iw& an*I. w

$e.is inicity l\\Zr\

a u*\iser$&l p.J.f. of t \ J Brx^i J is experiential

more



n

if-

V

stationary sequence of

Mi? = A/,+Ai

shch*$tic*/ly tr>

resctUJ T-distribution for
ar* Me $**£ with f>J.{. j-(xj

Corral'*, universal sc*/i*4
't i / th h/

/ (!)



-19-

Main pecttliarities oj i>*
TQ. distribution

Iv\ iUt Qarttr^l Po\$$on\cin cluster model

ori fau/ AtO f*° ,t«i

J * * I Mi) +«l

a is $ radio* of main events amnt

all seismic i

« (*) is supported by

• Whai eihbr ihformation c#n be exfacM j-rem
ite 'universal* /*v ttf Corral !



Uni<fi*d
1

If

/aw b
d

eel/ im

) J:0/hz

-QL(6-O (I)

(5 conHntteus/y depends- on
by &*£ holds for G-

b £p

Conclusion', irk o

tkt scaling

non-

&4k
only

hold



Spatial sea I'mQ oj seismicily z&ie

A(t*l) is raie oj {*>M€) /« cell **L

Scaling:
0

l

Practice: d - do ( box dimension
d2 (com 1*4*on Ji

d

by Grassberger- Precmui*)

Problem: wh\cU d «s better?

1996)

) i<> a stmpl* of « r^hdoM Levy measure

indtx o*J4.i ihth

P( > U * O / l 2 / " < x )

i n d e p * » d e n t o j I j i < -



The r*iz as a,

ic &o*~ dimension of Set S= Support

n
mm ft

I

J

lo

^intension) is more, strict



19

oj /HotNer'i

if-

, (ot,

mono fr*chl$



Z- f

1/ 1$ Strictly Concart antt

transformzi

* milhod fl



5° The Hen// dimensions /
the Qjtrierallied GrassberQer-Proctctia dimensions

ef,1
_ TCi)-TP)

H o£ U&r

Jo " 'T(o) - box-Jiim

- t(4) - tkl

-iht correlation

c no. n

V ?j functions

yj

t-



l-h

off

(Venn* ,1992) If. X(3dL)>0

( < * ; * ; c. e.

re,laiu/ io 1 tJu Support

**.v

V"'

..•}//<-*

f* 1

r(4)
dp art Wot Hi?'l

oj



Z-f

of re*l seismiuty i.e.
T(i) ± tied-0 (endence)

j-OY

of

cell l * L

- tkt Sale's case

of
I

T[/*l)



2-1

-125 -120 -115 -110
45

35

30

40

35

30

-125 -120 -115 -110

California: seismic events with M>3 (•); grid of spacing L=100 km (°)

centered at (rombus); the main (G) and alternative (G.,) rectangular

seismic region for dimension computations



2-9

Tau-function for M>2 events in region G; it is based on the interval

of scales AL=(10, 100) km. Tne broken straight line of two segments

is t(q) for a bi-fractal

\N\\X\ the observed dimensions dQ ancl flf2,



2-10

E v& lu a h j-

siahle 5/of>e in
tyl

pe>t»t$ i* support 0/
d<? not affect i

use. cell ui »/;lh
i)

L<l



O) 3.5

3.0 -

2.5 -

2.0 -

1.5 -

i r i r I I I I [ I I r

i ) i i I i i I i i I i i i I i i i

4.0

3.5

3.0

2.5

2.0

1.5

-2 -1
Ig L/Varea

L, km: 5 10 20 40 80 100 160

Data for estimating tne box dimension do=-i(O)

based on M > 2 events (a) and M > 3 events (£>).

The vertical axis snows tne nunioer of LxL cells, n̂ LJK), tnat nave numoers of events

greater than k, k = 0, 1, 2, 3, 4. The dashed line shows Doth the slope T(0)

and the interval of scales AL for estimation of d0 by least squares using n(L|0).



Z-ll

-1.0

-1.5

-2.0

£ -2.5
II

I -3.0 |-
O)

-3.5 h

-2 -1
"i i i i i r i i i j i i i i r i r~

i 1 i i i i i I i i I i

-1.0

-1.5

-2.0

-2.5

-3.0

-3.5

L,km:

-2 -1

IQ l_/Varea

10 20 40 80 100 160

Data for estimating the information dimension a, from M>2 (a) and M>3 (0) events

The vertical axis shows the derivatives d/dq RL(q=1|k) for k=0, 1, 2, 3, 4

where RL is the modified Renyi function.

The dashed line shows both the slope d, and the interval of scales AL

for estimation of slope by least squeres.



I -13

i means oj
Scaling

3 -

L*L

j

-



z-ii

d /s inadmissible i-f

' l:-><? can hare limit (i»

<?/ /y /5^ 0 or e°

?robUrr> •• l**d all admssibU etpohe-nts



2-if

Att admissible

*» spatial soilin^f^ and X

flldHd io Wp-remoter* c&H

CLfe cjji/en by

' t(f>) if t

d r
p<=1

Til)



-4

-4

g o\ Xi }
p r e d i c t e d d - Z

-3 -2 -1

.0
x 3

Distribution functions for Ig £L corresponding to the scales L=10, 20, 40,

80 and 100 Km and to the scaling index c = 1.1. 1.35, 1.6, 1.8 and 2.0.

The segment (a, P) has the slope (-1), its length provides information on

the scatter of the distributions of Ig %L at a fixed c.

The case p=0: each LxL cell enters in the distribution with the same weight
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