ety
INTERNATIONAL ATOMIOC ENERGY AGFENCY Em
UNITED NATIONS EDUCATIONAL, BCIENTIFIC AND CULTURAL ORUANIZATION

INTERNATIONAL CENTRE FOR THEORETICAL PHYBSICS

854100 TRIKESTE (ITALY) - P.O.B. 588 - MIRAMARE - STEADA COATIERA 1} - TELEFHONE 8340-1
. CABLE! CENTRATOM - TELEX 480301 -1
H4_SMR/303 - 39
WORKSHOP

OLOBAL GBOPHYSICAL INFORMATICS WITH APFLICATIONS TO
RESEARCH IN EARTHQUAKE PREDICTIONS AND REDUCTION OF
SEISMIC RISK

(15 November - 16 Decessber 195%)

SPATIAL CHARACTERISTICE OF
SIMILARITY POR EARTHQUAKE SEQUENCES:
FRACTALITY OF SEISMICITY

v.0. EOSSOBOKOV, S.A. MATHKENOV

Inmtitate of Physics of e Emth
Academny of Scisnces of the U.S Sk,
Bolshays Graxisskays 1
123 242 Mowmew
USSR




Spatial characteristics of
similarity
for earthquake saquences:
fractality of seismicity

V.G.Kossobokov, S.A.Mazhkenov
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Gutenberg-Richter law:

IgN(M)=a - b(M-5)

Question: What area %

Let an cartheuake flow be
self-similar in space, and
N(M,L) be average annual

nummber of eartihcuakes with
magnituce M
In an ares of linear size L.

N(M) = N(M,L)(L/1)¢

where | is characteristic size,
N(M) = N(M,|)



Generalized Gutenberg-Richter
law

IgN(M,L)= A + B-(M-5) + C-IgL

A estimates the activity,

B characterizes the ratio between
the numbers of earthquakes in
different magnitude ranges,

C reflects spatial self-similarity,
and may be treated as fractal
dimension of earthquake prone
areas

M.A.Sadovsky, L.G.Bolchovitinov,
V.F.Pisarenko,
1982
M.A.Sadovsky et al, 1984

Algorithin of cstimation of
cosliicients in

IgN(M,L) = A + B-(M-5) + C-lgL

1.Set of magnitude units aAM
M0+(j'1 )'AM < M < Mo+j'AM
Ml ’ i=1, s sM

2.Hierarchy of areas { Q' }:

L,;=12L;, i=0,1,..,h-1
3.Computation of
2.(n(Qi)?2
Nii = =esmmusescnes
N,

N] is the total number of

earthquakes from j-th magnitude
range,
n;( Q' ) counts those from area Qi

4.Least squares for
lgN" =A«+ B'(MI'S) + C'lgLi




Caleulations omn :

Artificial catalogues
Catalogues of main shocks

Artificial catalogues:

Line

Three Sierpinsky gaskets \
(cemetery, oross, carpst)

Koch curve

Plane

Line on plane

"Morphostructural Lineaments"
of Pamirs and Tien Shan

Catalogues of main shocks for
Caucasus, Turkmenia, Pamirs and Tiem
Shamn, Baikal lake, N.Celifornia,
Mendocine, .California, E. and W.
Hemispheres

~

/.

Line

Slierpinsky cemetery

Cn?

Eoch curve

g et LER L

-
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Slerplinsky cross

Plane
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Table {. Artificial catalogues.

Catalog dsnTx diaF x 1g N(M) - a + b
Line b i T.91 1.00 ¥
Sierpinsky
cemetery 0 1, 26.. B. 84 1.00 K
Koch curve 1 1,26, . &. 41 1.00 M
Sierpinsky
cross 1 1,46.. 8. 80 1.00 M
Sierpinsky
carpet 1 1,089.. 9. 61 1.00 M
Plane 2 2 9. 82 1.00 M
*Morphostructu-
ral lipeaments®
of Central Asia 2 2
1) 8. 65 1.00 M
2) 5. 60 1.00 M
3) 5.63 L.TY' H
$.12 $. 03

Note: dio¥X and dizFX are topelogical and

fractal dimension of a set X.
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Table 5, Catalogues of some seismic regions.

Table 4. Estimation of coefficlents in 1g N{M,L) = A ¢+ BM +Clg L

for a line on a plane Center
Catalogue Period ] of region Gutenberyg - Mean
of earthqualkes of time ° Richter law sq.
L] A
Gutenberg-Richter
L law 1g B(M.L) = A + BN + Clg L 1. Caucasus 19621983 2,7 | 43,0] 45,0] -.03 - . 85(8-5)
Loe t02 .03
2. Turmenia 1962-19683 | 2,7 | 39,5] 56,0| ~. 05 - , 60(M-5)
1/40 9.21 - 1.00 H 8,02 - .99 KR + 1.99 1 L 10 tO7 ¢ 11
t. 02 ¢, 004 s, 004
3. Pamirs and |1962-1985 | 2,7 | 41,0| 748,5] -.53 - .TT(M-6)
Tien Shan 4,03 1,03 £, 05
i/4 9.30 - 1.00 H 4.63 - 1,00 M + 1.T7T 1&g L
14 +. 03 $, 03 4, Balkal lake [1962-1983 | P, 7 | 58,0| 110,0] -.22 - . 96(H-5)
o1 Lol [N ]
i 9.51 - 1.00 M 580 - {.0O0OH + 1.37 g L 5. Northern 19601987 1,5 | 38,0|-121,0] .08 - . BO(M-5)
. 15 1, 08 i.0% California 06 103 t. 10
6. Mendocino 1978-1983 | 2,5 | 40,8]|-125,0f -. 18 - . BI(M-5)
2 9.60 - 1,00 M 6.46 - 1.00 M + 1.21 18 L .02 O 1. 02
$. 13 1,03 t. 03
7. Soatherm 1989-1985 | 3,0 | 3%,0/-118,C¢| .16 - . B82(M-5)
Califormia 03 toO2 0%
a 9.90 - 1.00 M .96 - 1.OO M + 1,12 1g L
1. 08 1. 02 1,02 8. Southern 1900-198T | 2,0 | 35,0}/-118,0f .05 - .87(M-5)
Califomia .02 01 .03
8 10.16 - 1.00 M 7.37 - 1,00 M + 1.06 15 L 9. Eastern 19641985 | 5,0 | © 90,0| 2.43 - . 82(N-5)
t. 05 t, 01 t. 01 hemi sphere Lo 403 4,06
10. Horthern 19604-1965 | 5,0 [+ ~-90,0f 2.19 - . 86(M-5)

hemi spinere t.O4 103 L05




Table 7. Estimation of coefficients in 1¢g N(M,L) - A + BH «+ C-lg L
for regions of Northern California

Table 6. Estimations of coefficlents in 1g H(ML) = A + B'H + C'1g L for selsmic regions

A -

Center
Region 1gH(H, L) - A + B'H + C-1gL Mean
Reglon Pericd | Magnituae L 1g M{H.L)= A + B(M-5} ¢+ Clg L | Mean ™ A sq,
of time range {km) aq.
San Andreas| #0 | -123 | -3.11 - .81(M-5) + .94lg L
1. Caucasus 1962-1963 | 2,7 - 4,7 1200 | 4.73 - O.86(M-5) + 1.52 1g L (Horth) t.20 t. 05 t. 06 .15
t.oa 01 t, 02 t.03
2, Turkmenia 1962-1983 | 2,7 - 8. 7T 1000 | ~4.04 - O.78(M-5) ¢+ 1.34 1g L
+ 4+ 4
ez OM t.o7 1. 08 San Andreas| 38 | -122 | -3.28 - .82(M-5) + 1.001g L
3. Pamirs and |1962-1985 | 2,7 - 5,2 1700 | -3.88 - O.7T2(M-5) + 1.39 1g L {center) 20 .04 t. 06 t. 15
Tlen Shan 15 02 t. 08 £ 08
4. Paikal lake [1962-1983 | 2,7 - 4,7 2000 | 4. 36 - ?.96(1!—5) +1,2 lg L
Lo  tO2 t. 03 1. 0% San Andreas| 36 321 | -3.96 - .82(M-5) + 1.2TIg L
S, Northern 1980-1987 | §,5 - 5.0 800 | -3.86 - 0.7T9(M-5) + 1.20 1g L {South) 1,17 t.oa t. 05 .10
california 1,15 1,03 £.05 .13
6. Southern 1980-1987 § 2,5 - 5,0 800 | -3.80 - O.7T9(H-5) + 1.26 lg L.
4
california £.25 LO5 1,08 L 12 Sierra 80 |-120.5| -4.81 - .sa(m-5) ¢ 1.581g L
7. Mendocino 1974-1983 | 2,5 - &.5 800 } -3.38 - 0.63(4-5) + 1.22 1g L Nevada 1.19 1.03 1. 06 .08
t.13 to2 1.05 £, 05 (Horth}
8, Southern 1949-198% | 3,0 - 5,0 800 | 4.52 - 0.82(M-%5) + 1.52 1gL
+
California L4z 02 £ 03 L. 0% 8ierra 39 | -119 | -3.78 - .sT(M-5) + 1.a31¢ L
9. Southern 1980-1987 | 2,0 - 5,0 800 | -8.32 - 0.89(M-5) + 1.50 1g L Mevada 1. 20 t.03 t. 07 t.12
California 105  t.OM t. 02 £, 08 (South)
10. Southern 1980-1%87 | 3,0 - 5,0 800 | 4.39 - 0.O9(M-5) + 1.52 1g L
California .09 102 t.03 t. 0%
11. Eastern 1964-1986 | 5,0 - 7,5 15000 | -2.77 - O.TT(M-5) + 1.20 1g L
hemi sphere 1. 06 1,01 .02 +. 07
12. Western 1964-1986 { 5,0 - 71,5 10000 | -2.26 - 0.83(N-5) + 1.01 1g L
nemi sphere t. 1t t.03 1,03 .12
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Conecluslons:

. IgN(M,L)= A + B:(M-5) + C-lglL
is applicable In wide ranges of
magnitudes and sizes

2. Cosfficlent C In differant regions
verles from 1. t0 1.3.
it is adequate O tractel dimensien da.

C correlates with @eomelry of tectonic
siructures.

3. Coefficients can be used as
averaged estimaies

4.Time scaling N characteristie area 1s
the same for sarthquakes of differsnt
strength:

for Pamirs and Tien Shan

g N(M,L(M)) = -3.88 - .72(M - 5) + 1.39(.54M - 2.0) =
-3.06 + .03M
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