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ABSTRACT 

A new method is presented which permits one to discriminate low-dimensional chaos from ran
domness. The method consists in fitting autoregressive processes to the data and forecasting 
future values of the system on the basis of the model selected. We distinguish between 2 possible 
forecasting techniques of a dynamical system given by experimental series of observations. The 
"global autoregressive approximation" views the observations as a realization of a stochastic 
process, whereas the "local autoregressive approximation" views the observations as the realiza
tions of a truly deterministic process. A proper comparison between the predictive skills of the 
2 techniques allows us to gain insight into distinguishing low-dimensional chaos from random
ness. The procedure has been applied to a daily temperature time series recorded in Trieste 
(Italy) over the past 40 years (1950 to 1989). The analysis gives no evidence for low-dimensional 
chaos, the dynamics being compatible with a limit cycle blurred by red noise. 

1. Introduction 

Atmospheric phenomena are typically classed as 
either weather or climate. While the former refers 
to the behaviour of the atmosphere over a period 
ranging from few to several t:lays and arising 
primarily from internal instabilities, the latter 
deals generally with the behaviour over a relatively 
Jong time not only of the atmosphere but of the 
entire earth system. According to Leith ( 1973, 
1975, 1978) a climatic state is defined as a finite 
time average of a weather state. Such an average is 
subject to fluctuations of statistical nature arising 
from day-to-day weather events that are unpre
dictable on time scales of climatological concern. 

Discussing the problem of the predictability of 
climate, Leith (1973, 1975, 1978) showed that 
the magnitude of the statistical error, i.e., the so
called climatic noise, affecting a given climatic 
state was related to persistence in the atmosphere. 
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Tellus 46A (1994), 3 

Persistence is another characteristic peculiar to 
weather events. In spectral terms it means that 
power spectra of meteorological time series are 
dominated by low frequency components. Leith 
suggested that many meteorological variables 
could be approximated by a Markov process and 
showed that the amplitude of the climatic noise 
decreases approximately as (T/r:)- 112

, where Tis 
the averaging time and r: is an integral correlation 
time. 

On meteorological time scales, quantitative 
analyses of the predictability· of atmospheric 
phenomena had been already undertaken by 
Lorenz (1969) who estimated that the effective 
number of degrees of freedom was a few hundred 
in the global atmosphere. Thus, such findings were 
in agreement with the above stochastic view which 
assumes that irregular behaviour in nature results 
of necessity from the interaction of a large number 
of degrees of freedom. A stochastic approach was 
also taken by Hasselmann (1976) in formulating 
his stochastic models of climate. 

However, according to the new ideas about the 






























