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Selfgimilar long-~term premonilory seismicity patterss
in California and W,.Nevada.

I. Non-locallzed patterns for M 2 6.4 and M3z 7.

Abstract

A set of seismicity patterns is described which precede the
earthquakes with M > 6,4 in San Andreas faults system and adjacent
foault zonee of Sierra Nevada and Basin and Ranges. The definition
of the patterns is normalized to the magnitude range, to the level
of selsmicity amd to the gize of the area. Combination of patterms
allows to diagnose the Time of Imcreoased Probabllity ( TIP ) for
the earthquakes with M > 6.4, The relevance of the patterns is
confirmed by their tramsfer to the earthquakes with ¥>7.

Introduction, Premonitory seismicity petterns, so far repor-
ted [1, 2, 4, 6-10] can be roughly divided into the following
typest actlvizationjquiescence; thelr combination; clustering;
concentration of the sources; long-range interaction; migration.
Almost all of these patterns were defined retrospectively; however,
in spite of the Preedom of retrospective date-fitting, any Bingle
pattexrn does need improvement as g base for the earthquake predic-—

premonibtory patterns for the disgnosis of the Time of Insreased
Proba.bility (TIP) of « strong earthqueke. The patterns are
represented by variation of several functions, defined on the sequence
of the earthquakes, We are trying to find at least partially self~

similar definition of these functions, independent on magnitude

revza, level of seismic activity and the size of thne resion. Such
selfsimilarity, if estsbilished, would be of significant conseguen—
ce for the theory of the occurence of the earthquskes. It would
allow also a compatible anslysis of premonitory patterms in diverss
seismological environments, in partisal compensation of insufficien-
¢y of the earthquake statistics for instrumentel pericd.

Traits of seismicity. Seismicity 1s described by several

functions, defined on the sequence of the earthquakes in the
region considered, Following the experience of the study [ 6], we
consider the sequence of main shocks only, (ti, Mi); t is the
origin time, M - magnitude, 1 -~ the sequence number of a main shock,
ti< ti “1° Elimination of the aftershocks prevents the undue
influence of strong earthquakes on some of the functions. Let us
introducs f£irst the parameters, common in definition of several
functions.

We call strong the earthquake with M > Mo'

Parameters ¢ and ¢ mesn that the main shocks are counted
in the megnitude range M -~ c < M; £ M, -,

Parameter s , when indicated, means, that the main shocks
are counted on the sliding time - interval

t -8 % vy P H

Parameter 1 means, that maim shocks are counted in the
magnitude range Hj_?/ M(%); the threshold M(H) is defined by con-
dition, that average snnual number of such main shocks is equal
to n. We introduce this parameter, followling [6] 3 in order %o
meke compatible the regions with different levels of seismicity.

nq( p ) and nA( p) are the lower and upper P% quantiles of
the function n(t) (during % of the time n < ng snd during other
P % of the time m > nA).



We shall define now several functions, wich describe imtegral
traits of seismicity. Fmirveducticn of the patameters g, & wnd
A makas e Jefinséicm of £hess Frects pactie C"(;}L 10 €f s den Bt

Level of seismicity

n(t ,s, $)} ~ the number of the main shocks.
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Here E; is the cnergy of the i-th main shock, recalculated

from lﬂi.

ﬁ (tls, T, 2) = n(t s, &8) : n(tfs, )y a<1 - the ratio
of the number of the main shocks in magnitude ranges
¥ > M(sB) and My > M(E).

- t +
Q(t s, §, p) = t{s [nQ(p ) - n(t s, ‘ﬁ)] at

+

Here " means the integration over intervals, where nQ;} N

D(6[5,8) = n(s|emty, B) - n(t -sf £~ 4, B) 2" %o

t - to-é'

~ the deviation from the long-term trend.

K(tl's, B) = n(t 3, @) - a(t ~ sl 8, B)

V(t|s, fi) - variation of n(t,s, 1)
on the time interval from the last maximg of n to 4,

We consider the region to be in a state of qulescence (q) or
activation (A) when n(tf.s,ﬁ)' ¢ hglp) or n(t‘ s,ﬁj)nﬂ (p) respectively.
The contrast of seismicity is characterized by the function TAQ(t]s,ﬁ,P)
it shows, how long sgo this and adjacent regions were in opposite

stabes (4 and Q) for a year or more.

B(t|s, e, g, ) = m;l-x b; (e).

Here b; is the number of aftershocks of the i-th main shock;
the aftershocks are counted in the time interval (ti, Ty + o) and

in megnitude range (M, “i)[ﬂ.,umn shocks are counfed acec®~
din to the values cfe,T mnd 5.
Aversge concentration of the sources.

Sl(tlé, Ly Elﬁ! o) mgx r“\”}/z (tls, Es E,F syt ) 4,1 =12

53(’?]5' Sy Ty Pact) mex h'@,/??_(tls, 8s TPyt )

Here N is the number of the main shocks, counted in 2
naximum is taken over three consequiive years, from (t - 3 years)
to t. 81, with 4 ~ 2/3, roughly corresponds to the average area
of the sources, assuming the same siress — drop for all of them,
8, is empirical modification of 8,, 53, with 4 ~1/3, roughly cor—
responds to the ratio of average radius of the sources to aversge
distance between them, according to concentration criteria by
Zhurkov-Sobolev [9 1.

HLA('I;‘S , ¥ , € ) - maximal magnitude of " long-range
af tershock"” f’?], i.e a main shock, which occured within Y years
after a preceding sufficiently strong main shock snywhere in the
region a{ Lrlgé'm "LQ.}'IL.

W(t 3, ¢) - the number of main shocks within a region of
higher rank, which includes the region under consideration.

We considered the sbovementioned functions with free parame—

ters indicated in Table 1.
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Reduction to pathern recogniticn. Consider several regions,
forming e wider region of higher rank. Seismicity of each region

can be described by a vector
Pm(t) alpkm(t)} 3 k= 1, 2, seey Ko
Here m is the index of a region, Pym is one of the functions,

defined sbove. Different k may refer to different functions, or to
the same function with different free parameters,
Our problem is - kmowing vector Pm(t), to find, whether the period

(ty + +7 ) is or is not the Time of Increased Probability for an
' earthquake with M > Mo’

The reduction to the pattern recognition is now natural. Object
i a coubination of a region eand time, (t, m). Description of an
object is the vector P, (t). A priori division of the objects is
the following: T yuaxs @afere cach steeng m“;"il’iili/

5 . T
Cless I ~ regions during /7% combinations of {t, m)

for 0 « Tm,j -% 4 ; here Tm,j is the moment of the j-th
strong main shock in m—th region, j = 132y ane
entl yeams
Ligsg N - regions cutside fau:d. not in the aftermath
of a atrorg main shock (ij, ij + 3 years)., The last condition
elimirates the periods of general activization, possible after a
atrong earthquake.

Glgss X - all other (T, w).
Our problem is -~ how to recognize (%, m) of the class D, knowing
P (6),

Data. Two regions, shown on fig.1, were considered, Theiz

boundery is drawn ro b ounegligously, egpeelally s on Aostern part,

WS W Sal Thowiows . rmbhoo O nal omimii. e

S,

conters on the longitude of Owens valley. We used the catslog [’I’i]
for Soubhern and {12_]—- for Northern region. Since the catalog [11]
starte at 1932, we could compute vector Pm(t) only from 1938 outward.
Main shocks were separated from the aftershocks by the slgorithm,
described in [ 4], The list of the main shocks with Mz6.4 is given
in Table 2.

Alegorithm, We used algorithm of pattern recognition, nsmed
SUBCASSES [3 ]. Cless D was formed by the combinations (ij- 1Bowz,m),
(‘Ima. = Myear , m), ('J.‘ma. - 2 years, m). Three such combinations for

the same main shock formed a subclass. We used for learning the
subelasses, which correspond to 15 out of 16 strong earthquakes
(Table 2); two years preceding the last earthquake, 6{-2;83 were

not used for learning, due to incerntainty in 1ts mggnitude.

In the class N 24 out of 36 objects were used for learning,

A1l ofjects considered are shown in Teble 3. Its first
ecolums shows the moments t, for which the vector P (%) was compu-
ted. It has to be discretized and represented by binsry code, before
algorithm SUBCLASSES can be zpplied, To reduce a posteriorl data
fitting, we discretized the components pk’m(t) independently on
their distribution between classes D and N, in such a way, that
each interval of discretization has equsl number of the objects

—-one hald og ene thizd

of both classes togethers The thresholds of discretization, thus
cbtained, are shown in Table 1.

Results. Characteristic traits of clesses D and N are shown

in Table 4. fﬁey give: a satisfactory sepa—

ration of 2bjscts D and N. This cen be seen from the Table 3, where the

s 0 vral g of Toendl M (r 0 pnd v respecdivelr) ig shown Tor
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7
Pable 3 suggests the fcllowing a posteriori criterion for Gonelusion.
the diagnosis of a TIP: The traits of seismicity, considersd here, seem relevant to
TIP sterts, when n; — ny » 5 and lasts 18 menths. the preparatior of strong earthquakes. The relevancy is confirmed
by the sugcessfull transfer of criteria from M, = 6.4 tio My = 7.
Ihe stability of the diagnosis of the TIPs can be illustrated by Further confirmation - by the spplication of these traits to M = &
the following tests, worldwide - is described in[ 5]

The score of predictions by the TIP3, considered here, Etill[4]

Elimination of functions p, (%), one at a2 time; a significant as .
ko ' ® needs improvemeut. It is about the same, {The bursts of aftershocksy

change — the increase of the number of false alarms — is cgused though much better, than for random alerms, However, for practical

only by the elimination of R{t) or V(%}. purposes the unceriainty in time - space remains too large: TIPs

. - . X T 5 . - ; 3 -
#limination of the objects trom bthe learning, also one at a ocoupy up to a half of the time.

tinme. Only three sdditionsl errors, =zll in Northern region, were Hopefully, the traits, defined here, éve to their partial

gensrated: failure Yo diagnose the TIP bsfore the strong earbhquake selfsimilarity, may constitute a common base for the further study

of 2.26.76 (voting gave nj, - ny = % for corresponding years);
false alarms in 1960 and 1964, with Lo =~ T = 5.

of premonitery patterns in a wide: variety of regions and nsgnitude
ranges, &nd fﬁi iPe attempts Ao nomzow Fumfﬁet the

] 5 ‘ 7 . fﬁxy,f.m.ke_ has to @e ex—
+the stabili o ” bome— space. deman, wHete a Sfeonyg gex : .
In %otal, the stability of the results seens accephtable. Pdc;idﬁéAcknowledgement. This is a product of Project TII of Soviet-

Crucial will be the tests of *the reliability of the a posteriorl

“““““ “ ~American cooperation in esrthquake prediction.
criteria, by which the TIPs were identified, Here we shall describe

one test,

Tranofer of ths criteria to Mz 7 in the joini region.

The change of Mo from 6.4 to 7 leads to unambigous changes in

the functions p, . () and in their discretization. Ambigous is oniy
?
the expension of the region, We considered the traditional region

formed by the merger of Worthern and Southern Tegions on
the Fig.1. The count of o, - by (voting) was made with the same
characteristic traits as for M, = 6.4. The results, shown in the
last column of Tsble 3, seem satisfactory: all 3 main shocks with

M 7z 7 are preceded by the PIPs; the total durablon of TiPs is 20%.,
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Table 1, Functions Pp(t) and the thresholds for discretization

Mable 2. Main shocks, M 2 6.4, 1938 - 6, 1983
epicenter
Data p - M
oy | A% w
Northern region
1 02 1941 40,05 125.25 6.6
2 07 1954 39.42 118453 6.8
3 16 12 1954 39.32 118.2 7.2
4 21 12 1954 40,78 123.87 6.6
5 26 11 1976 41,29 125.71 6.8
6 8 11 1980 41,11 124,25 7e2
Southern region

19 05 1940 32.73 1155 6.7
2 21 10 1942 32.97 116.0 6.5
3 4 12 1948 33.93 116.38 6.5
4 21 Q07 1952 35.0 119,02 77
5 02 1956 31.75 115.92 6.8
6 o4 1968 33.18 116.12 6.4
7 02 1971 3.4 118.4 64
8 15 10 1979 32.6 115, 32 6.6
9 25 0% 1930 3746 118,82 6.4
10 25 05 1980 37.55 118.78 6.5
41 2 05 1983 36.1% 120.5 6€.5°¢

free parameters
function s years| . = obher thresholds
n(t) 6 II T4 - - - 5; 8
a(t) 5 e |- |- L 0
n{t-6) 3 j T4 | - - - 2
(%) 1 / 3 - |~ |a=.7 +33; .52
Qt-3) 6 J 14 0= | - |p=33 5; 5
(%) 6 ! T4 | - - - -5; 0
K(%) 2 ’ 1.4 | = - - =15 +5
V(%) 1 ) 3 - - - 2; &
Taq 3 ‘ 3 - ~ | p=33 73 13(years)
B(t) 3 [ - 1.5 1 1 | eloasge 11; 30
2. in 8,(t) 4 I = 1.5 1 1 pe9 4.8 3 7.5
ot =4,5
2. 4n 85(t) " !{ - l "oy f " 2,45 4.1
in 8;(%) " R 3:02; 5.3 6.5
M, (8) 3 - 0 - | =lyear 4,6
H(t) 3 - 1 - - 4; 8
N(t) 6 - 0 - - 1




Table 3. Diagnosis of TIFs

M, = 6,4 M= 7.0
Nothern Southern Joint region
t region region
npioy Dyl Op*hy
1 2 3 4
19.05.1938 0:5 132 0:2
14,0%,.1939 632 630 * 0:3
19.05.1940 8:0 * 6:0 * 0:2
9.02.1941 10:0 * 12:0 * 82 *
21,10.,1942 4:0 8:0 * 4:0
Ts T1943 424 7:0 * 7:0 *
1. I.1944 3:1 0:0 0zl
1. I.1945 1z 0:4 2:3
4.12,1946 0:9 9311 * 72 *
42,1947 0:10 9z1 * 0:6
4,12.1948 0:8 432 0:6
1. I.1949 1231 * 432 1:4
21. 7.1950 12:2 * 140 * 9:3 %
21, 71951 331 3:0 1:3
21, 7.1952 6:0 * 0:3 033
6. 71953 - 60 ¢ 8310 * 512
Be 7.1954 53 11:0 * 5:0 *
16.12,1954 | __8:0 * | 430 2:0
21.12.1954 | __ 3:0 N 4:0 2:0
9. 2.1955 330 5:0 * 4:0
9. 2,1956 5:0 * 1030 * t2:0*
1. I.1957 1:0 2:0 0:1
Te L.1958 0:5 Qs 131
1, 1,195G G123 : Q® £40

Teble 3 (cont-d)

‘1 2 3 4

1e 11960 332 012 2:6

Te T.1961 4:3 0313 5:4

1. I.1962 0:12 0:15 0:7

1. I.1963 0:12 0:12 O:4

1. I.1964 014 0:8 O:4

1. 1.1965 %:9 0:8 Cz2

9. 41966 0:13 0:10 013

9. 8.1967 2:9 1:0 6:2

9. 4.1968 0:7 10:0 6:2

9. 2.1969 5:3 3:0 131

e 24197C 1:5 7:0 2:1

9. 241971 0:3 8:0 4310

1. I,1972 0:3 1:0 2:4

1. I1.1973 0:6 014 213

26411,1974 0:7 O34 0:3
26,1I.1975 6:0 0:8 1:2
26,11,19%76 8:0 C:6 5:3
15.10,1977 131 0:2 214
15.10.1978 213 8:0 412
15.10.1579 221 8:0 2:4
25, 541380 9:0 721 6:1
8.IT.1980 8:1 7310 4:0

3. 5471581 8:0 6:0 6:0

3+ 5.1982 12:0 11:0 12:0

5. 5.1983% G4 0:0 0:0




Notations:
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13
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& 30
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4 4.6
£4.6

10
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Table & (cont-d)

25,3
>5,3
46,6
16,6
6,6
£56,6

£4,1

<4, 8

< 0,52
£ 0,52
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0
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£ 0i £ 0,52
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