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Large fractal dimension of chaotic attractor for earthquake
sequence near Nurek reservoir

s. N. nliAlTACHARYA K. c. SINHA RAY' and H. N. SRIVASTAVA'
Meteorological Office. New Delhi

(Received 12 October 1993)

_ - 1'11b-R7 ill am<> '"i:tr-< ftwt~ "'l 22.000~ '"" rom 1977 il ft<:.-f 1987 ... flI;q "'l~ oil

t{fl am<> if "lfto; ..tv if '{""i! '" "'l"'" '" i;~ ..rom: '" Wtm fu<m: lIlT~ '""" "'" i I '" aranl'I if _
"'" lil~ ......" '" i:tr-< Il¢ p 'l""ft 'lfiIfoj;, mflm'll!I i I"'*"~ if ""'I; 8,3 '"" 7.3 iii i;ai\lVJ< ..rom: iii
q """'" "'- '"'l "'l hr-!il .,. "'" "'"'" i ~ ""'"" """... oil il'i"" if '" .. oil 'f""'l-~ lIftoI i I

ABSTRACT. Fractaldimension of the chaotic eumctor forea rthquake sequence inNu~k dam based on
22,000ea rthq uakes detected during the period 1976-87 has been studied [or thi s 100al periodof observations as
well as [or the period from December 1977 10 December 1987. The second periodexcluded increased seismic
activity during second stage of filline the reservoir.La~ iractaldimensions ofthe chaotic . ttractoroftJ aed
7.J were found for the respect ive period v..hkh SUUests the compleaitycf earthquake .dynamics in Ihis rraion
.. compared 10 Koyna reservoir.
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I. Inlroduetlon

The distribut ion of earthquakes for a region
gives a complex temporal pattern. This distribu tion
in time and space has been studied by many inves
tigators in order to understand the earthqua ke
generation process. If each earthquake occurrence
is totally un correlated with previous earthquakes.
then the earthquake distribut ion would be a ran
dom process . The random distribution of point
events is known as a Poisson process . A variety of
statistical methods have been applied in order to
quantify deviations from random occurrence (Vere
Jones and Ozaki 1982. Matsumura 1984. Dziewon
ski and Prozorov 1984). Rikitake (1976) noted
quas i-periodical pat terns for sequences of great
earthquakes at subduction zone. However. Knop off
(1964) and Gardner and Knopoff (1974) showed
that although typical catalogues might be non
Poissonian. but main sequence was Poissonian pro
vided that the aftershocks are removed skillfully.
Thus, it is necessary to characterize the complexity
of earthquake dynamics more precisely and to
determine whether observed fluctuations in the data
are random or belong 10 some deterministic
behaviour.

Over the last fifteen years. scientists of many
disciplines have developed physics of chaos to
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look at the complexity of nature. A chaotic system
is deterministic. i.e.. it obeys certa in equations. but
behaviour of the system is so complicated that it
looks rand om. A primary motivation of physics of
ch aos is to find out whether there exists a simple
explan ation for an observation with irregular
behaviour and if it exists. how simple is the
explana tio n. Thc realization that highly irregular
and quasi-random behaviour may be generated
from simpl e determinist ic dynamics led 10 the
search of deterministic chaos in many fields .
Thes e investigations were triggered by the work of
Packard et al. (1980) and Takens (1981) which
showed that a phase portrait underlying a given
dynamical systcm can be associated with a strange
attractor, An attractor is a set of points in a state
(or. phase) space towards which a time history
approaches after transients die out, One of the
most distinctive characteristics of a strange attrac
tor is that it is fractal and has non-integer dimen
sion (Mandelbrot 1982). This dimension is a
quantitative measure of the degree of chaos, In a
random sample this dimension tends 10 be
infinite. Further, the dimension gives minimum
number of independent variables needed 10 model
the system. This means that the determination of
the fractal dimension of the attractor of the system
sets a number constraints that is required to model
the system.












