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Scale free distributions

e power laws: GR ,Omori
o unified Sca/inj laws (Bak etal, 2002 )

L, - statistcs

A - scale (space or time or both )
da, : a,%, is independent of A

U
pdf. of Zp = s f(aX)
where f(x) = pd. { of 772,

Ay = ¢ [E %,



Reasons for consideraton :

* evidence of complex spatio-temporal

be haviour of Sseismic regime

e a tool for

« renormal/; 2ation a/ recursors
- de-clus z‘en'ry of CF catalogs

v unﬂ'&rsfan/inj 0]/ /l'mi/s (n prea//cz’aéi//?ﬁ/

Problems

* existence of unified sc«/inoq [aws

’ Shape

v real Sscalte range

o hnew ihfafmafian conlained in aum’/ieo( [aw
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Examphs

The &n‘enberj-ﬁic/; teyr law

rate o/ {M>m] in G :./\G_(m)
= Ag 107 €m

limitaltion : f&f linear Size << min (Z}/p)
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Evidence : 2 Characteristic 2§
A\ \ | \ !
A
X , ) J
mi g} m

m¥=6 /’//'/—Af/anfi( Ri/;() /.—"/ﬂg,.. SO0me Se;men/_s

0/ 1:/00-/5—05)‘1
m?=15 Sabduction pone ,h-‘éﬁm—-‘ in Ca/ifarnia

m*_ 1 Aftershocks
Success in mzis8
prediction s{ronjesf aftershock




Fractality of epjcenters

/'\[p/;) - rate of events of M>m,

‘N an areq a{/

B - )\(ix2) 50
X{my-=n,

Definifion-‘ 0/7/ (s the Box-dimention of

TN

e Lo“‘—)

Support of measure Ndyg)
Cop re =dylog bofs | 22l

.\ ’ L8 m>2 [=(0-400k,,
Ty [291' Ca/l'/t?fhicl ; 0(} =/ 2 m>ss

<\ (apriori) ;>4
L:lpo-loco

Other estimations: 1.6 (Corral)
L2 ( Ka(;an, Kossobo kov



- Consequence (keilig-Borok et af ,1989)

KX@xL)> oo const 1077 (2, )%
f

A>0
Problems : ra nge 71
dy is no/umyee 5 dy <dyim)- 2



Correlation 0/ events

Baiesi £ Paczuski ,200%
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FIG. 2: The probability distribution of the {correlation, c,,
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< = 10* 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.

(9] meter , [#)sec , /JA =-'/(f+c/in})



Unified scalin

law for rate \(dp)

(California) Corral 2003
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Scaled distribations of rafes, A(«x2)/a,
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Waiz‘in;-z‘ime distribution:
uni fied [aw by Bak et a/ (2002)

ey )
// 7) Sfafljfl(.s 2\4: {;‘me be{u/zen
TN xs consecu tive £
N\ ’ 0)[ M>me in a random celf {xL

Prob{ cell ¢xt } = N(4x2) /N(G)

Normalization: Fa 7 =1
V4

d
a, = {n(x2)> :c/p-"";) 4
T)>0 °

d;- 7
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5° Um‘fiec/ SCa/ing Law by Bak

Bak's PA:’/DSo/Dhy alo'p/,‘e,/ o E@s :
Don't care about
e the tectonic environment

(2 subdivision of seismogenic regicr is
independent of it )

» a}{er_ //'Of— or main - shocks

(z‘ﬁZre 15 nof/:in In f/:e .S‘ei.smogmms f‘/)af
differentiates these events)

* Spac and temporal heéeragenel'll/
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Wail'ing-z‘ime distribation :
Universa/ Sca//‘n; /a,u/ by Corm/
5£a¥;‘sz‘:‘cs 7;_-' Time bet weep

Copsecubive EFs
of Mom in a region G

Normalization £ a7, -)

d
a, « (07" L. )7



Uni{iec( Sca/ing [aw by Corra |

Corral ,Ph
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FIG. 1. Local distributions of interoccurrence times for several
stationary periods and different regions, after scaling by the rate.
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Th eofel.‘ica/ Resu/zf_s (Molchan ,2005)

1 The 5/76/92 of Corral’s
universal SCa//‘nj [aw

It there are *wo areas with independont
seismicity then
a universal pd.f of z), EtA:1,is exponential

more ¢xac z‘/;/ :
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V;(t) - stationary sequence of events i G
/Vv = A/,+//z
It

° ¥ and N: are Stochastically ind/fﬁeﬂé/é’”f ()

o the rescaled T-distribution for &, iz6,4,2
are the same with pdf. $(x)

° f(x)<cx'9/ p<Bc<l , ac <</

then '
H(x) = exp(-x)

Conclusion : obserwe«! fé‘} # Exp (-x)
/4

Corra/’5 univer,sa/ Scalin faw
can't exist in the whole rar?( ﬂ/ 2ime
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2° Main pecaliarities of the rescaled
Zp distribution

Tn the genera/ Poissonian cluster model

With Omori [aw Alt) too ,t<«<l

A f A, 7. (t) a{e)‘/’(-l‘/a) t>2] 1
p-d.f of ap7, A ll) z‘“l<)

where a is fraction of main evenls amonyg
all seismic events
o (x) is supported by observations

o What other information can be extracted from
the ‘universal® |aw by Corral



3¢ Uni]lied sca/inj [aw bj Bax

4

!
6( "4 GZ = G;

7,(6:) = T, ( random 2x) cel] inG:)
AL (6:) = { 2(ext)> | LxlcG, Hzo

e T T,(f)a,(6) ,iz01,2 have the same
distribution then a,(¢)=a,6) (I)

o if unified scaling law by Bak hold's for G

and X&) oonz‘inuaus// de/aends on Subarea G
then
Mdg ) -cidgl s hamo;enews

Conclusion: the observed )(&9) /s non- /wma;eﬂ!ﬂu

4
the SCa/mJ [aw bJ Bat can hold
approximately = only
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Spatial scaling of seismicity zate
A(Lx2) is rate of {M>m. ) in cell £x4

Sealing: Axr) o L

T(Lx2) = O1/A(422)) < Vad

Pratfice: d - a/, (Box dimension )
d, (Correlation dim)

dp (generalized dirm
by @rassbergef— Frocaccia)

Problem: which d is better?

Example(Pisarenko 1996)

If A(dy) is a Sample of a random Levy measure

of index o<uct then
P( Neixd) /L™ <x)
is t'na/e/uno/enf of < ie ld=2/t7> 2

/

Here  Fo(ixt)=oo ]

dp 7 const = /\(JJ) - multifractal measare
! ?
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The rate A(d;) as a multifractal

1° Box-dimension of setl S = support of Ay )

7

-

I

ix)

[FINnszg

ey

I=:
G

() = Y { sell of type O]
/OJ ni) =-do Zgz AL
do = B-dim (S’)

H-dim ( Hausdorff dimension ) is more sirict

ana/ajue' of B-dim
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2° Singulnn’ Ly of z‘/feol//'/ae/dzr’; é){/lJﬁf.'zrzl/.ﬁ'

J €/x/ [ﬁ

1G9 Abet) =yl Lo T
o R g

A=2 ol=14 od=0

- Suz{ g gisof bypex)

3° Aly) is multifractal ;f
S - {Suppof/ FNAg) ) - /S, , S AP
Maltifracta! Spectrum : (o, f(+))
#2) = dim &,
Example

trivial mixture of
mono fractals

(no s}milari(/}

}(J)lol , oh= oo , l) 2




Z-Y

19 T(9) function | p
. <]
Ren‘yi funot‘ima ] |
} M)
RL(q)—AZ;o[ /\(6') I‘”(w

/02 RL(‘)):‘:.—?:{L)Z?Z , Lo

MM/fifna‘n/ farma [ism :
() = min(qa -4(4)) =l f
1f 7(q) is 5z‘ricz‘/7 concavlé and sm oot

then |
o) = riin (44- ty)) = T

(ci’ 'Hu ujeh//l Z‘rnnS/D/ma{ian)

® min — ¢><=ZL(7) - o is Unique (monoffac/e/)
9 i} T@)=a@Q-1) is linear

[ 60)‘-40“"1‘/'/!; me/hol gl'I/P H‘/IM(SJ)!
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the Jene ralized Gr "”be"/t/‘/oroaam dimensions

Vj
- ) )ty .,
“WT g1 < g @)

| D
Hoe der's exponznt
dy = -T(0) - Box-dim
dl < f'(4) - t}\l in/‘/mafl'ﬂh /I'mensi'or)

de = T(2) - the correlation Adimension

7},?,'(4/ T ,f functions
T B y
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§° Hoelder’s lxponents vs dimenfions

(Yamg)lyxz) Tf A(S.)>0 then
o= H-dim Su = ()

wny b6 FE) <t = A(SL)=0

1)

*=T(1+)  AL=7(1-)

&
[' di_mzn ions o£
exponents related oV the Support g J(a? )

Example mixture of monofractsls

T “
., nNo ihidrmafian
| | On oo
T g, o+ 4(0(042

o T() exists = d, )a/, are dimensions o/ Supf))fdg)
other dp . are Hoe lder s exponents



Problems :
o multifractality of rea/ seismicity ..
TA) # ho(9-1) (evidenc)
. optimal SCn/in; of Mixl) and T(Lx2)

Jor randon ce// X2 uno/er mu/ftffﬂc/a/

Condition
Random cell {xL
A -LxL
Pr(®g) - F[)(m)f) pyo
1/cp = ZDx)]" = Ry(p)/[)(6)]"
P=4 -~ the Bak'’s Case

P=0 - the case o/ gentl’ﬂ/i?l/ g’f /ﬂW
KMLrL)> = -,';L{,,o\(txz)
and 0} distribution of {)‘U“')j
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-120

-115 -110
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35

30

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



Tau-function for M22 evenlts in region G; it is based on the interval

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

1S 1(q) for a bi-fractal

__with the observed dimensions d, ang d,.

do= 1.820);d, <1.352.05 d,= 14 t.05
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Evaluaation of 7(3)
log R,(1) = 2(9) g/

Problzm: find the ran a/ scale (Z’,Z")
with stable 5/0/92 ‘n

Tdeq : o solated Fa,'nz‘s L 5:7/90/{ a/
)\(JJ) Ao rot aﬂec D)
mullifracéa/ 5/945//'«»7

)z
Use cell Lxd with ¥ @ $K=0,1,Z.-
L> L,

o h, 20 = L<*
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1.5 |~
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Data for estimating the box dimension d,=-1(0)

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

The vertical axis snows the number of LxL cells, n(L|k), that nave numboers of events
areater than k, k = 0, 1, 2, 3, 4. The dashed line shows both the slope 1(0)

ana the interval of scales AL for estimation of dg by least squares using n(L|0).
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-2 -1
T T T T i T T T T T T T T T T T T T
-1.0 —
-1.5
20+
L —-1.0
- -
= 251 5
N i 1
s 7 i
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< i ]
S 30 i
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"g) i -
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1 1
la LNarea
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Data for estimating the information dimension d, from M2 (a) and Mz3 (b) events

The vertical axis shows tne derivatives d/dg R (g=1]k) for k=0, 1, 2, 3, 4

where R 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.
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Weijl\eof means of A({2L) and T(e):
Sca/inﬂ

w®(e2) = (L= )]P'CF - weigh of gell Lxl

I* W), = 2 2(xl) wl(Lee) ~ 27

A>O
Ca /ijofm'é
1%

/v =0
d= T(pr) -2y {7 "0

2 < T(tx)>, = 2 X (4x4) wurL) ~ 17

67 = l?(f’-{)-T(P)I :{[T(‘I),‘Jo p-° %7
| do f“’ 1.2

3° d[<A>P] £ T(pro) < g (p-o) < 6/[42‘L>P]

Hint
o‘(m)>P = 2(6) R, (P#) [ R(P)

~) T(p+)-7(p)
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Optima/ spatial/ scaling
of TUXL) and A(xd)

Statistics Ty’ time betwee, consecutive E&
97/ M>M,. [n u/p-rqndam cell Lel

4—.
g, = L2, /a/-?
Statistics A, rate of W, - randem cel] ZxZ
»
2, = < d-7

\d (s inadmissible (f
ZA" , Li=9 Can have [imit (t‘n //‘5//-//54,//0»)

| of type O.or 00
Problem :  find all admissible ex/wﬁem‘;a{



2-1%

Result  All admissible ex ponent s
tn spatial Sa/ina "/72 and A,
related to  wy - random cell Lx/
are given by anique interval

[E(pi0) , T(p-0)]
we. d=1T(p) if # exist Californin

d-4%0) po T
- [ dl p=1 135
T()  p=2



Pr (Ig€ <x)

/2"/’5 SCalina 0/ >\£ ) P=0
predicted d=2
-1 0 1 2 3

0.0

2 *x 3

Distribution functions for Ig & corresponding 1o the scales L=10, 20, 40,
80 and 100 km and to the scaling indexc = 1.1, 1.35, 1.6, 1.8 and 2.0.
The segment (a, }) has the slope (-1), its length provides information on
the scatter of the distributions of Ig &, at a fixea c.

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



2-4% Scalin9 of r. , P-1
predicted d=135
-1 0 1

2

ide

Pr{lLg&<x}

0.0

-4 -3 -2 -1 0 1 2 x 3
Distribution functions for Ig &; corresponding to the scales L=10,20,40,80 and 100 km and to the
scaling index ¢=1.1,1.2,1.35,1.6,1.8 and 2.0. The seament (a,[}) has the siope (-1), its length
provides information on the scatter of the aistributions of Ig £ at a fixed ¢. The case p=1: each
LxL cells enters in the distribution with a weight proportional to the seismicity rate in the cell.



Conclusion
1. Unifiéz/ Saz//n/ laws by Corva! ard
by bak eta/ can't exist in Strict sence

2 We fil/!/ q Sarfable éx/pwelz!‘y d in the
relations

Tlxa)oc® Mhee)w 27

AS54 ning mh/z‘if/aoftr//{y o rale A(dy);

A (8 not “nigne and /(f#ﬂ/s of n/arab/ém/ |
il. d is a Iparame/&r in a/y/y/u//ms

3. We Confirm the Mn/z’/'//ac/e/ /9/0/7@/1‘/ 7
rate in ‘the rarge of scakt :[0-/00 K
in California
We do il twict: estimatin 7(7)
and «5};1/ pra//c//m, of ex/yonm/;
/h J'Cﬂ/ h/ 0/ 74 ﬂﬂ//\é





