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ABSTRACT

This paper considers the construction of a linear smoothing filter for estimation of the forced part of a change
in a climatological field such as the surface temperature. The filter is optimal in the sense that it suppresses the
natural variability or “noise” relative to the forced part or “signal” to the maximum extent possible. The
technique is adapted from standard signal processing theory. The present treatment takes into account the
spatial as well as the temporal variability of both the signal and the noise. In this paper we take the signal’s
waveform in space-time to be a given deterministic field in space and time. Formulation of the expression for
the minimum mean-squared error for the problem together with a no-bias constraint leads to an integral equation
whose solution is the filter. The problem can be solved analytically in terms of the space-time empirical orthogonal
function basis set and its eigenvalue spectrum for the natural fluctuations and the projection amplitudes of the
signal onto these eigenfunctions. The optimal filter does not depend on the strength of the assumed waveform
used in its construction. A lesser mean-square error in estimating the signal occurs when the space-time spectral
characteristics of the signal and the noise are highly dissimilar; for example, if the signal is concentrated in a
very narrow spectral band and the noise in a very broad band. A few pedagogical exercises suggest that these

techniques might be useful in practical situations.

1. Introduction

The problem of detecting a climate change signal in
the climatological record is of obvious importance in
any strategy to understand global change. Considering
its importance, relatively few attempts have been made
to define the problem rigorously. Several approaches
have been developed but so far the problem has not
yielded to a completely satisfactory analysis.

Hasselmann (1979) was among the first to discuss
the problem of investigating forced climate responses
with signal processing methods. He suggested repre-
senting the forced signal in terms of the EOF (empirical
orthogonal functions) basis set. Data can be projected
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onto the EOF components for two different times in
history. The square of the difference of these amplitudes
divided by the corresponding eigenvalues is a positive
definite random variable. Taking the null hypothesis
to be that no signal is present in the data stream, this
random variable is approximately a x? variate. A X2
test can in principle be used to test the null hypothesis.
The EOF basis plays the same role in space as the Fou-
rier frequency basis does along the time axis for a sta-
tionary process. Hasselmann (1979, 1993) suggested
a “signal processing” technique in which a prescription
is made for filtering out the EOF components in the
data stream that have no signal projection on them.
Filtering out the uninteresting EOF components re-
duces the number of degrees of freedom in the X ? test.
By such a prefiltering scheme we can enhance the por-
tion of the data stream we are looking for while sys-
tematically discarding. the parts in which we are un-
interested. A similar type of procedure will come out
naturally in the present paper.






