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0 eneral scheme of analysis

FUnctions on a sequence of earthquakes

F—ﬁ*_-n-r :

— = Different ways to normalize functions
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—
i general scheme, as applieditoday

r
(e 0 -* eX|st|ng earthquake predlctlon algorlthms)

N SH strlcted to seiIsmic data and remains
en 10 other relevant observations.

educes Information on spatial correlations

_-_-'

'scales exceeding the linear dimension of

=gt =
-l—'"_--"_

— 2N area of Investigation in course
Independent analysis of sampled areas.

* Uses simple (if not oversimplified) and
natural counts as descriptors.
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o Earthquakes or
Keilis-Borok et al. ] — —
W Main'socks?
‘ o Eanthguakes, clusterin space

and time and' aitershocks of a
single event may obscure
characterization of seismic
dynamics in the area of
iInvestigation. To avoid it
aftershocks should not be
counted when simple counts
are derived from a given
sequence of earthquakes.

Algorithms that de-cluster
earthquake catalogs exist
(although are far from the ideal).
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—
Cr Nis on earthguake seguence
ISy aiter reduction ol space an'earthquake
SEHUEGENSIdE e eithienas
__ i, m}or{t, m, b.(e);,
wrr pi(€) is the number of aftershocks

Bltrbuted to the i-th main shock in the
=== erlod from tto t. — e.

= Note that the number of aftershocks, b.(e),

per se is one of the parameters of main
shocks { I } Inherited after de-clustering of a
given earthquake catalog.
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FUREHONS of'seismic activity'rate ™

e

- —

) J(r~ m ,S) - the number of earthquakes

B With M = m in time interval from (t-s) to t, i.e.,
SE number of events of certain size per unit

_-_-'

ﬁ..,.uc_r__tlme rate of activity.

=gt =
_.l | —
-ll—'" m—
—: ———— _—
s _-.

A dual function is the time that accommodates the
most recent n events with M = m |,

TI(t|m,n).
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EHREUON K

Jérement of activity expressed by the
ifference between the number of earthquakes
in the two successive intervals of time (t-s, t)

&= and (t-2s, t-s)

K(t |/m,s) = N(t | m,s) - N(t-s |m,s)

has a physical meaning of acceleration.
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Einetion L

RIS = deviationroractvity from'a Ionger=term
iendioverthe period fiom t; to t.

=
== i

= N(t | m,s) - N(t-s | m,t-s-ty) x s/(t-s-t;)

e
e n—
i
e
= z

[ -
_.l-._--i—ll-_'_
S

i

—' i'ﬂljéually I, Is the beginning of the catalog unless its
duration; allows to use a pre-fixed trailing window

t-t; >> s to characterize a longer-term differential of
seismic activity rate
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Uncliens ofi actvity
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m—
Scessityrefitrailing tyimpuncuon £

- —

\/\/nf [y becomes far from t (which is the
ewtable case of all' long lasting experiments),
SiE longer-term rate L tends to a constant.
= Therefore, to preserve a physical meaning of
| -—the rate dlfferentlal one should use the
aefinition of L with a trailing t,. This might be of
— crucial importance when catalogs of extended
times are considered (e.g., In model catalogs).
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2(t)

m,Mi.s, o p) Is the weighted number of
hquakes in time interval from (t-s) to t and
i __'_gnltude (MM.< M'):

%(t| m,M’s,0,B) = £105M-0)

This function may estimate different properties
depending on the choice of .
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paSHPreportienalite

aretal Ilnear Size of earthquaké sources
* '.-' It B=B/3
€ (otal area of the earthquake sources

= -3-7"3 ; if B=2B/3

p—_

= = {he total energy of earthquakes

X p— _—

e —

: it B=B.
where B comes from the relation between the
energy E and magnitude M

log E = A + BM
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ghifialized counts of+(t)*

MAVErages —

e

2(H/N(t)

- —

= Concentratlons =

-
[~ il
i -';-—ll-
— _|_--"__
—: i -
—-'

_ ( Z(t)/N(t) )/ ( N(t) )93

where d is concentration dimension and =d-B/3
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FUEtion G

I'he __'of the number off earthguakes from two
agnitude ranges —

=3
Ly - -
i

emi——

B G(t/m, m,s)=1-N(t|m,s)/N(t|m,s)

e

= The values m. and m, may result from
Inspecting the frequency-magnitude statistics of

earthquakes.
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r\r _: ternative.lo G: Funetion G™

aﬂmmﬂ.th@anauwéh.@.number of

guiakes fromi twormagnitude ranges
allzed 1o difference of magnitudes —

-_'.m1,m2,3) =

log( N(t | m,,s) / N(t | my,s) )/ (m,-m,)

-' In such a definition G’ is the tangent of the slope of
the frequency-magnitude graph.

Another alternative of this kind is the trailing
average magnitude, 2. m. / N.
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V2liation ofsseismic achivity

- —

m,s,U) = var N(t |'m,s) is variation of the
umber of earthqguakes on the time interval
(t U} 5),

,_ N(t | m,s)=2 | N(t; | m,s) - N(t,,,| m,s) |

—which:is the total of the absolute differences
between N(t | m,s) at two consecutive times
t,, and t. from the time interval (t-u,t).
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ISIENNg efiearthguakes:

e

Jn J:  of de- clustered Catalogs each main shock
5 l’cs number ofi aftershocks, bi(e,m_), of
izl nltude M = m_g In the first e days after its

_¢4gnnmet

. — ,‘_
e — i
e T —
[ S = i
L ;-—ll-_'_
— _|_-- -

B(t { m,IVI',;s,m_q,€) = max b.(e,m,q) IS the maximum
calculated over the main shocks with m<M.< M’
and time interval (t-s,t).
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Earthguakes are
nediStributed”

unifiormiy.

IHeterogenelity of
seismic distribution
can be measured
providing
additional
characterization of
the area under
Investigation

Coarse-grained number of magnitude 3 or larger earthquakes, 1980-1984 (USGS/NEIC GHDB).
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VIZ0Y, OUERMEASUNES.C Stierng Were propoesed
I Jr_ lerature. For example Shannon entropy.

3 -2 P; % In p;
/vrw el pI IStsome time dependent probability
‘€s 1mate off occupation of a given cell of the grid,

__.: Le pl = n /N
-—rjaHs the I|m|t case (g = 1) of the Renyi’s entropies

: (1—q)1><ln2p,
which integrals 2 p;? provide a rather simple

one-parameter famlly of measures of the
observed clustering in space and time.
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N :
SXZ0NE: SIZE

ACHVERZONE SiZe, AZST IS a measure of the extent
IOANICh seismic act|V|ty N a given region is
rlmf sed. Formally, it is X P9 atq=0. The
“pr 2monitory efficiency of AZS was first observed

&=l generalized Burridge-Knopoff models of fault.

F—ﬁ*_-n-r =

— A7S is more directly a measure of the broadening
- of small to moderate size events, which leads to
development of a nucleation region associated
with a coming large event.
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SEeISmIC reglons - j—

gasure active zone size in the Earth we might
a“r PxacouRtingalgenthmunwhichithelarge
izl reglons will'be subdivided into: many.
Her iegions that contain seismic events of a
aigfmagnitude level.

Fos fxample AZS(t | m,s)= 2 8(n. ),

"'...- —_—
—

= Where 5(x) =0, ifx =0 and 5(x) = 1, if x > 0.

s r— -

ﬁ' j;'
(=

__l

@

) ?t m @'

() Ul

o) fif
S
9 U<l
Sii
g

Ini the Earth this measure is somewhat more
complex due to the variable complexity of faults
networks In different regions.
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.:‘h - u -
galialicorrelation dimension:

C(R) _=‘Ip_(r <R)/P
=2p(r <R)/(N(N-1)
where p(r <R) Is the
number of pairs
separated by less than
R km and P=N(N-1)/2
IS the total number of

gse e e pairs for N events.

Cum. Num. Pairs

{7 .

The slope of the straight segment over distance range [A,B] is
used to estimate the spatial correlation dimension CD=d,, g;.
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_ m—
SoIfElaton dimension vs. Elusiering

e

- —

ANColielation’ dimension is inversely related to the
rJer feel ofi spatial clustering, as the slope of the
S lght segment decreases when the number of

=) jent pairs with relatively small inter-event
:médjstances iIncreases. Smaller values for CD

i
g
..—-—

== |ndlcate higher degrees of spatial clustering.

=gt =
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—
ge interaction of-eanthiguakes™

TR jm—.

VAT r) PZOreV (1962) mtroduced a term-less
gfele Ursor; which follow shortly a major
zlf hquake but on a large distance from it. He
s ncluded that “long-range aftershocks™ mark
== ::?~ l e location of a future major earthquake.

-—"__\. e "_

—

==—- The two new phenomena which represent the
: Iong range correlation were found first on a
synthetic catalogue.

The Abdus Salam ICTP
Miramare ¢ 02/10/2007 9th Workshop on Non-Linear Dynamics and Earthquake Prediction




SSSAVeragerdepth

NEWEZurEt al. (1995)stiggested {0 Uise the
2| J--o- Geptif ol ypecenters in aigiven time
Windew claiming that deepening of seismic
2l a* Nlty precede large earthquakes.

J'r JJ.. ecessary to note however that the depth is one of
WENMOSt inaccurate parameters of hypocenter.
:___determlnatlon the error in depth may be large resulting
_:_ == seismologist attributed values in many cases.

——

The measures that can be useful for characterizing
temporal variability of an earthquake sequence is
obviously not limited to the list presented here.
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Noermalization

Seimples used in the counts should be
;__omparable Infnature and in nUMBer.

hat IStwhy normalization of earthquake
- Seguences Is necessary to ensure
adequate uniform application with the
same set of adjustable parameters in
regions of different seismic activity.
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NEInElZing sequences: Magnitudercuiefi?
WENECOMIMERINGNISERIIENBIITEIZalIeR 6]

Ziseguence by choosing the minimal

magnitude cutoff M ., defined by one of
e two conditions:

min’
s

O =

'f*i'f‘i‘*f—Mmin= M, — C, C being a constant

* M_._derived from N(M
A being a constant rate of activity

= A

min)
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J\Jorr dlizing counts: Pereentile cutor

rn values of functlons are normallzed (o)
elr empirical probability distribution
ﬁ Jnctions, that is performing a non-linear
= transformatlon of different ranges from
":—‘:" ‘different seismic environment to [0, 1].

=gt =
_ﬂ L=
pr—
——
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