Geophysical Research Abstracts, Vol. 7, 05753, 2005 ‘x
SRef-ID: 1607-7962/gra/EGU05-A-05753 GG

© European Geosciences Union 2005

Binary decomposition analysis (BDA) of a time series

I. Zaliapin (1,2),M. Ghil (1,3), V. Keilis-Borok (1,2), A. Gabrielov (4)

(1) Institute of Geophysics and Planetary Physics, UCLA, Los Angeles, CA, USA, (2)
International Institute for Earthquake Prediction Theory and Mathematical Geophysics,
Russian Ac. Sci., Moscow, Russia, (3) Département Terre-Atmosphére-Océan, Ecole Normale
Supérieure (ENS), Paris, France, (4) Departments of Mathematics and Earth and Atmospheric
Sciences, Purdue University, West Lafayette, USA

Hierarchical organization and self-similarity are ubiquitous in natural processes. This
explains the power of self-affine and hierarchical methods in geostatistics, with
wavelet decomposition being probably the most popular. Still, wavelets, like plain
Fourier decomposition or other methods of time series analysis, essentially project a
time seriesX (¢) on a set of basis functions®, (¢;n): £ = 0, ....,N}: each basis
function Ey(t) is multiplied by a constant coefficienf, and these products, Ey (¢)

are summed to yield the series. As the number of zergesf the basis functions
becomes large, the corresponding coefficients only become small in the case of “well-
behaved” processes that generate the time safies

The power and relevance of the concepts and tools provided by the theory of hierarchi-
cal scaling seems to offer an alternative avenue to the decomposition, representation,
and analysis of time series. This work introduces a statistical method that represents
a time seriesX (¢) as a hierarchical tre€x via its point-wise binary decomposition

and uses this tree to study various properties of the series. In our approach, the role
of coefficients and basis functions is interchanged: the series is “chopped up” by size,
along the ordinate, rather than the abscissa. As a result, the “basis functiohs” 2
necessarily become small, whethé(¢) is well-behaved or not, while the number of
zeroesn, of the “coefficients’ay(¢) still increases wittk.

The mapping of scalar time series into a space of hierarchical trees allows us to switch
between temporal and hierarchical (“scaling”) domains of quantitative analysis. In our
approach, this switching is the counterpart of the duality between temporal and fre-
guency domains in Fourier analysis or in other classical decompositions. We describe



and analyze the topological and metric structurel'gf and show how these struc-
tures are connected to the self-affine structur® ¢f). We also discuss the correlation
analysis of time series in this context. Various applications and properties of BDA
are demonstrated using fractional Brownian motions and several observation-derived
geophysical time series.



