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ABSTRACT 

Examining the dominant eigenvectors of a forecast error covariance matrix for Western Europe 
during a 607-day period, shows that these daily changing vectors remain in a low-dimensional 
space. The first few dominant eigenvectors of each day can almost completely be described by 
a fixed basis consisting of a relatively small number of elements. A simple method is presented 
that utilizes this property to determine the daily dominant eigenvectors and eigenvalues of the 
covariance matrix in an efficient manner. Results are given for a 2-day forecast period, but apply 
also for a forecast period of 3 days. Use of the method, instead of the Lanczos algorithm, in 
approximating the seven largest eigenvalues within a 1 % accuracy level, resulted in a 30 % 
reduction of the computational costs. 

1. Introduction 

The quality of forecasts has improved consider­
ably during the last decades (Arpe, 1990; Kalnay 
et al., 1990). Still, the day-to-day variability is 
quite large. One particular predicted atmospheric 
circulation pattern must be considered as an 
arbitrary member of a probability distribution 
of circulation patterns. Ensemble prediction, in 
which the forecasting model is integrated from 
different, but equally likely, initial conditions, has 
been proposed for estimating this distribution, see, 
e.g., Leith ( 1974 ). When the distribution is narrow, 
the forecast must be accurate. 

Information about the likely structure of the 
error patterns in the forecast may be quite useful 
for forecasters. These error patterns can, among 
others, be used to generate alternative forecasts. In 
this way one can get, for instance, information 
about the uncertainty in the position and intensity 
of circulation structures. 

One way to determine these error patterns is to 
compute the 1 covariance matrix of the forecast 
error. Error patterns are given by the eigenvectors 
of this symmetric matrix. The corresponding 
eigenvalue is related to the expectation value for 
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the amplitude of that error pattern. Besides the 
difficulty of choosing a proper analysis error 
covariance matrix, the dimension of this matrix is 
generally too large to handle. Use of an adjoint 
model and a small target area for which the quality 
of the forecast is studied, actually makes the 
computation of a geographically local covariance 
matrix of the forecast error possible. In Barkmeijer 
et al. ( 1993 ), we presented a skill prediction 
method along these lines. As a predictor of the 
quality of forecasts we used the sum of the vari­
ances of the predicted error patterns in the target 
area. This predictor is given by the trace of the 
local covariance matrix or, equivalently, by the 
sum of its eigenvalues. The computation of this 
matrix was performed with a 3-level quasi­
geostrophic model (T21 QG) triangularly trun­
cated at wavenumber 21 (Marshall and Molteni, 
1993 ). The tangent linear and adjoint T21 QG 
model were integrated along an orbit that closely 
followed the operational European Centre for 
Medium-Range Weather Forecasts (ECMWF) 
forecast orbit. It was found that skill forecasts 
starting from simple diagonal covariance matrices 
of the analysis error already performed well. Use of 
a feasible method by Bouttier ( 1993) to transform 














