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ABSTRACT 

Lorenz's three-variable convective model is used as a prototypical chaotic system in order to 
develop concepts related to finite time local predictability. Local predictability measures can be 
represented by global measures only if the instability properties of the attractor are homogeneous 
in phase space. More precisely, there are two sources of variability of predictability in chaotic 
attractors. The first depends on the direction of the initial error vector, and its dependence is 
limited to an initial transient period. If the attractor has homogeneous predictability properties, 
this is the only source of variability of error growth rate and, after the transient has elapsed, all 
initial perturbations grow at the same rate, given by the first (global) Lyapunov exponent. The 
second is related to the local instability properties in phase space. If the predictability properties 
of the attractor are not homogeneous, this additional source of variability affects both the trans­
ient and post-transient phases of error growth. After the transient phase all initial perturbations 
of a particular initial condition grow at the same rate, given in this case by the first local 
Lyapunov exponent. We consider various currently used indexes to quantify finite time local 
predictability. The probability distributions of the different indexes are examined during and 
after the transient phase. By comparing their statistics it is possible to discriminate the relative 
importance of the two sources of variability of predictability and to determine the most 
appropriate measure of predictability for a given forecast time. It is found that a necessary 
premise for choosing a relevant local predictability index for a specific system is the study of the 
characteristics of its transient. The consequences for the problem of forecasting forecast skill in 
operational models are discussed. 

1. Introduction 

The discipline of operational NWP is experi­
encing a rapid evolution; on one hand more and 
more computer power has become available and, 
on the other, a more profound understanding of 
the mechanisms underlying weather and climate 
evolution has been attained. More demands have 
been set upon the scientific community involved in 
the field, among these, a precise a priori evaluation 
of the skill of a prediction. After the pioneering 
work of Lorenz (1965), predictability theory, 
developed for low-order chaotic systems, has 
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provided the conceptual framework for assessing 
the limits of predictability in NWP and defining 
appropriate measures to quantify and predict 
forecast skill. 

The problem of producing a quality evaluation 
of a prediction, along with the prediction itself, 
has been addressed in various ways at operational 
level. Current literature usually refers to it as 
forecasting forecast skill (Kalnay and Dalcher, 
1987; Palmer and Tibaldi, 1988). 

Several different predictors of skill have been 
adopted in studies on the subject. One of the most 
effective is the forecast spread among an ensemble 
of forecasts. A truly Monte Carlo simulation, 
however, is impracticable for NWP models for at 
least two reasons: the huge number of degrees of 






























