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Abstract

The aim of our search is the analysis of aftershock temporal series following a mainshock with magnitdde Investigating
aftershock behavior may find the key to explain better the mechanism of seismicity as a whole.

In particular, the purpose of this work is to highlight some methodological aspects related to the observation of possible
anomalies in the temporal decay. The data concerning the temporal series, checked according to completeness criteria, come
from the NEIC-USGS data bank. Here we carefully analyze the New Guinea 29 April 1996 seismic sequence.

The observed temporal series of the shocks per day can be considered as a sum of a deterministic contribution (the aftershock
decay power lawy(r) = K-(¢ + ¢)” + K;) and of a stochastic contribution (the random fluctuations around a mean value represented
by the above mentioned power law). If the decay can be modeled as a non-stationary Poissonian process where the intensity
function is equal tai(f) =K-(¢ + ¢)” + K31, the number of aftershocks in a small time intergsalis the mean value(r)- At, with
a standard deviation = /n(f) - Ar.
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1. Introduction which is clustering in space and time. Their tempo-
ral distribution often follows a regular trend, as first
About a third of the earthquakes detected all over observed byOmori (1894) The aftershocks are very
the world are aftershocks, the distinguishing feature of frequent immediately after the mainshock, but the fre-
guency decreases rapidly, with a power law decay fol-
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2. Aftershock temporal series: some theories shock activity decreases or increases are observed. So
and models the temporal decay is a matter of study since it gives
information about the seismogenic process and the
An earthquake big enough to cause damage will physical conditions of the “source” region.
likely be followed by several aftershocks of consid- From a comparison between the maximum likeli-
erable size in a short time span. Earthquakes locatedhood fit and the temporal dec&age (19683tates that
within a characteristic distance from the main event can if the fracture process can be considered stochastic then
be considered aftershocks. This distance is usually con-there will be random fluctuations of the experimental
sidered equal to one or two lengths of the fault segment data (number of shocks) around the theoretical value
related to the mainshock. There are some empirical predicted by the decay law. The number of aftershocks
relations that allow evaluating, in a more accurate way, N in a small time intervalAr follows a Poissonian
the length of the zone fractured by the mainshock when trend with a meam(s)-Ar and a standard deviation
the magnitude of this event is known. One of these rela- /n(7) - At.

tions was found byJtsu (1969)elating the fractured The confidence interval, at about 99%, fbis given
fault segment length to the seismic event magnitude by:
M. [n-At—25-vVn-At; n-At+25-vn- Af]

Matsu’ura (1986plots the cumulative number of after-
The main parameters of aftershock sequences are:Shocks versus the “frequency linearized time'n this

the spatial distribution, the total number of the after- Way the fit of the Omori formula to the temporal fea-

shocks and the temporal decay rate. Aftershocks aretures of the sequences is checked. The aim of her work

frequent immediately after the mainshock and decay, IS t0 point out the anomalies that can occur during an

approximately, as the inverse of the elapsed time aftérshock sequence. The frequency linearized time is

(Omori law). The magnitudes of the aftershocks gener- defined as:

ally follow the Gutenberg—Richter relatio@(itenberg !
and Richter, 1954 T= / n(s) ds
log1oN(M) = (a — b) - M 2) where the integral represents the cumulative num-

. _ _ ber of aftershocks using the parameters estimated
whereN is the number of shocks with magnitude equal iy ()= k(s +¢)=7. The cumulative number of after-

or greater tha/, while a andb are constants. shocks increases linearly withfor sequences that are
The most important results are those deriving from yg|| represented by the modified Omori formulétgu,
study of the aftershock activity temporal trerke(lis- 1961). During the occurrence of a decay anomaly, i.e.
Borok and Kossobokov, 19909, he sequence exam- 3 decrease or increase of activity, the cumulative num-
ined is described by the modified Omori formulégu, ber versusr fluctuates around the straight line that
1961): represents the Omori formula for the period under
_ —p study.
n(t) = Kit+0) This anomalous change in thpevalue of the mod-
wheren(r) is the frequency distribution angi, ¢ andp ified Omori formula could give useful information

are constants. The origin@mori law (1894)wvas found about a likely large aftershock occurrence. Studying an
empirically and considers=1 andc=0. The number  aftershock sequence in real time, it would be possible
of events will rapidly decrease immediately after the to observe an anomaly immediately after its begin-
mainshock, until it is lost within the background seis- ning, to notice the quiescence and recovery stages
micity of the examined area. It is also observed that and then to evaluate the probability of a forthcom-
sometimes a large aftershock occurs in an area near toing large aftershock. From the epicentral distribu-
the mainshock rupture zone. This aftershock is, in turn, tion of the aftershocks during the recovery stage we
followed by its own aftershocks, called “secondary can attempt to identify the area of the forthcoming
aftershocks”. Moreover, occasionally anomalous after- aftershock.
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