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ABSTRACT 

An approach is presented to recover a true signal from an intermittent regime-like behaving 
noisy system given an estimate of the noise covariance CN. The method is based on minimizing 
the noise probability distribution on isosurfaces of the data probability distribution and involves 
the spectrum of the matrix c0 c;; 1 where C0 represents an estimate of the data covariance 
within a given regime. In single channel, i.e., one-dimensional, case the intermittent low-fre­
quency time series is split according to the regime level. For each regime the obtained sub­
sampled time series is first centred by removing its time mean and then projected onto a higher 
dimensional space using the method of the delay coordinates. The oscillation for each regime 
level is then obtained as the leading eigenvector of C0 C;; 1. In the multi-channel case the signal 
pattern is obtained in the same way locally in each cluster forming the data. The approach is 
first tested with the Lorenz system yielding the correct oscillation. The method is then applied 
to the Pacific 500-hPa geopotential height from a set of multidecadal integrations with the 
General Circulation Model (GCM) of the Hadley Centre, forced with observed Sea Surface 
Temperature (SST), in order to identify the nonlinear atmospheric response associated with El 
Nino Southern Oscillation (ENSO). 

1. Introduction 

Several techniques can be found in the literature 
to identify regular signals from noisy data such as 
maximum entropy method (Ulrych and Bishop, 
1975), singular spectrum analysis, SSA, (Fraedrich, 
1986; Broomhead and King, 1986a,b; Vautard 
et al., 1992), and signal-to-noise (S/N) ratio max­
imizing approach (Allen and Smith, 1997). Most 
of these techniques, however, attempt to identify 
oscillations or regular signals embedded in data 
that behave "nicely". For instance it can be shown 
that SSA, for example, is justified only if the 
hypothetical noise in the dataset is white (Allen 
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and Smith, 1997), but that it can fail to identify 
genuine and detectable oscillations in the presence 
of coloured noise. Allen and Smith ( 1997) pro­
posed a refinement based on maximizing the S/N 
ratio. However, the S/N ratio itself fails when, for 
example, the data present a non-Gaussian, such 
as regime, behaviour (Hannachi 2000). 

Now, many physical and natural phenomena, 
such as the climate system, display a complicated 
behaviour involving most of the time high- and 
intermittent low-frequency variability leading to 
some sort of regime behaviour (Lorenz, 1963; 
Namias, 1964; Charney and DeVore, 1979, Ghil 
and Childress, 1987; Palmer, 1999; Corti et al., 
1999). The latter feature necessarily implies that 
the system is expected to display a non-Gaussian 
behaviour from which one wishes to extract a 
true signal. 

In this manuscript we attempt to recover a true 
























