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Thie Jeneralischeme, as ap@gﬂﬂﬁ’dﬁy«(w

If) X|st|ng earthquake prediction algorlthms)

MENESCied torseismic data and remains open
IGRGIIEIEIEVant observations.

> Flee BUCEs information on spatial correlations at
e BSCales exceeding the linear dimension of an

= "“a’rea @i Investigation In course independent
-~ analysis of sampled areas.

* Uses simple (if not oversimplified) and natural
counts as descriptors.
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Garcner-Knopot Earthquakesyor™
lis-Borok et al. R . —— -
w  mainshiocks?

s e E2rthguakesiclisterin space;and

e and aitershecks ol a single
event may obscure
characterization of seismic
dynamics in the area of
iInvestigation. o 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).

9 6 /s 8
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CotlpjesNelp earthquakeggggeﬂter

spaiter reduction N of space anlearthguake
sequrc: SIIENPIECREIIEIRES
{t, My or {t.= m;, b.(e)},
wnerﬁ‘ () IS the number of aftershocks

frbuted to the i-th main shock in the period
_____m Lot —e.

N_ote that the number of aftershocks, b.(e),

per se Is one of the parameters of main shocks
|} Inherited after de-clustering of a given
earthquake catalog.
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‘ m S)i- the number of earthguakes

-f Th ViFi= miin time interval from (t-s) to t, I.e., the
mber of events of certain size per unit time, rate

— ——q ~actlv1ty

—_—

—
' . --l-—-'_
__,-——'E:-'-.. =

- —_—
o

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

TI(tlm,n).
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ement of activity expressed by the difference
n the number of earthquakes in the two

K(t |m,s) = N(t | m,s) - N(t-s |m,s)
has a physical meaning of acceleration.
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ENRCHON L=

BMNTIRS) )= deviationlof activity fiomi ai longer-term trend
OVEIREIPENiOd ffiom t to)t:

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

e

' ' Usually [, Isithe beginning of the catalog unless its duration
allews te use a pre-fixed trailing window

=i, >> s o characterize a longer-term differential of seismic
activity rate (e.g., since the beginning of the new millennium t-t; = 5s

inithe en-goinglGlobal Test of M8 algorithm)).
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\/\/rwnﬂ PWECEMES far fliem t (Whichi is the inevitable
Celge of dllfleng lasting experiments), the longer-
rm rate L tends to a constant. Therefore, to

BpliEserVe a physical meaning of the rate dlfferentlal
== -tone shiould use the definition 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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* A

2( \m s,o,p) Is the weighted number of
Eal hquakes in time Interval from (t-s) to t and

agnltude (m=<M.< M"):
| ([ m,Ms,0,B) = Z108M.-)

This function may estimate different properties
depending on the choice of 5.
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ielEININEIFSIZENoF EaltgUEKE SOUICES
R It p=B/3
Gtal area of the earthguake sources

it p=2B/3
,_ he ietal energy of earthguakes
| it B=B.
where B comes from the relation between the
energy E and magnitude M

log E = A + BM
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SAVENages —
X(t)/IN(t)
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— == 'Concentratlons =
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g

(Z()/N(t) ) /7 (N(t) )

where d is concentration dimension and p=d-B/3
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Thie r;-'r]r' INENUMbEr of eartnquakes from two
[z Jf de [ENOES —

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

=

= '_° The values m. and m, may result from inspecting the
flreguency-magnitude statistics of earthquakes.
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ativesie, G Funetl &

IHENGEENmeRthENalBIeRtEMUInbERoieanouakes
emrWwermagnituderrangesmornrmalized to difference
of 1z gnltudes —

dn such a definition G’ is the tangent of the slope of the
fireguency-magnitude graph.

Another alternative of this kind is the trailing average
maghnitude, 2 m, / N.
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_ e

VA3, s,u) = var N(t | m,s)i1s variation of the
plimler of earthguakes on the time interval (t-
+i‘)

_ arN(H 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 ¢, .
and t. from the time interval (t-u, ).
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girde=cllisiered catalegsseach main shock nas
Jf e of aftershocks, b.(e,m.), of magnitude M
n yAerirst'e days after its origin time L.

= 'E_” 'Hh VISS,m,,€) = max b.(e,m,) IS the maximum
- calculated over the main shocks with m<M.< M' and
time interval (t-s.,t).
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Earthquakes are
motidistributed”

uniformiy:

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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CIMEasUIiES OCILSIENNGWENE Proposed in
TAUUIer FOI example SHanmnorn enwopy
3 -2 p; % In p;
Wrlere of; N8'some time dependent probability estimate
of © ~Cupat|on of a given cell of the grid, i.e.; p; = n;

- /N.
d*s:the limit'case (g > 1) of the Renyi’'s entropies

= (1—q)1><ln2p,
which integrals 2% p;9 provide a rather simple one-

parameter family of measures of the observed
clustering in space and time.
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RClVErZone size,

—

ECIIVENZONE SIZE, AZS), IS a measure of the extent to
WiIEHIRSEISHIC actiVvity 1n'a given region Is diffused.
'r:--_ » " ]
EEHHEINEIS 2 P9 at g = 0. The premonitory

Refiiciency off AZS was first observed in generalized
umdge -Knopoii models of fault.

_—-a—-——

TAZ@ ISsmore 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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AZS | [AISEISMIC regIONS ™

To rrizestregrelgie zone size in the Eaniwermightuse

ROV ACOULINERE GO ANVINICHITES argesspatial
régjor Willfeersundiviaed Intermany smaller regions
iG] ﬂtaln SeIsmic events of a certain magnitude
EVE

or & émple AZS(t| m.s)= 2 8(n; ),

_‘Where 8(x) = 0, if x= 0 and 8(x) = 1, if x > 0.

In the Earth this measure is somewhat more complex
due to the variable complexity of faults networks in
different regions.
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._correlatlon QIMENSIGRNS

) — p r < = \ ()

= 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 pairs
D-iog (Dis:a-r?cefkm) - . for N events.

The slope of the straight segment over distance range [A,B] is used
to estimate the spatial correlation dimension CD=d , ;..
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guelauon dimension vs. Clusterig ™

A *orre; dimension’ Is' nversely related to the
Je ieel of spatial clustering, as the slope of the

; t segment decreases when the number of
v SNt pairs with: relatively small inter-event distances

;_-ﬂ, jcreases. Smaller values for CD indicate higher
degrees ofi spatial clustering.

f
(
~—r

The Abdus Salam ICTP

Miramare ¢ 04/10/2005 8th Workshop on Non-Linear Dynamics and Earthquake Prediction




e RS -

s .
IONENENGE interaction of eantieuEReEs ==

Ml BZ010V (1962) Introduced’ a term-less: precursor,
WiichNellew shortly a major earthguake but on a
Bleerdistance from it. He concluded that “long-range

—_

ZIHENSeeKS” mark the location of a future major
= canthquake.

___.__-r"-'-!"'_
e

~ % The two new phenomena which represent the long-

range correlation were found first on a synthetic
catalogue.

e
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- _qverage depth

ret al. (1995) Sﬁggested 1o Use [he average
Ip) =l e <If ' ew dow

.

lzife U arthquakes
NS HSsary 16 nete however that the depth is one ofi the

10 ”t INaceurate parameters of hypocenter determination:
= therenorin depth may be large resulting seismologist

e
ﬁ_attrlbuted 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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Normalizationmes ™ =

Se p Ies USed In the counts should be
parable N nature and in nUmMber.

—_

_hat ISSWhHY: normalization of earthquake

- Sequences is necessary to ensure adequate
tniferm application with the same set of
adjustable parameters in regions of different
seismic activity.
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* M _._derived from N(M

NoIElizingiseguences: MagnitudeErCutoimes

—

\/\/ 3 ré sommendaerisetememalizationieias
Enceby choosing the minimal magnitude
i M defined by one of the two

—
- _a,
—
—
o
—

C being a constant

min) = A
A being a constant rate of activity
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NEInglizingreounts: PereeﬁitﬂE'c‘:utGFF"

T he valies olfiunctions are normalized to their
SIpIHcalprenanility distribution functions, that
erformlng a non-linear transformation of

= j ferent ianges from different seismic

= environment to [0,1].
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