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Abstract
Since Ed Lorenz’s seminal contribution on empirical orthogonal functions (EOFs) in 1956, their use has become 
ubiquitous in atmospheric science. As well as the basic technique, known more widely as principal component 
analysis, many variations on the theme have been introduced. The definition of EOFs is simple, but their use 
involves a number of tricky decisions. A number of myths and misconceptions exist regarding when and how to 
use them and their variants. Some of these myths are discussed and it is noted that a number of questions about 
the use of EOFs are still not completely resolved.

EOF analysis = Principal Component Analysis (PCA) –
some definitions, terminology

•If x is a vector of p variables, then the principal components (PCs) are linear combinations aT
1x, aT

2x, … aT
px

•In the kth PC ak, the vector of coefficients or loadings, is chosen so that the variance of aT
kx is maximised, subject to a 

normalisation constraint aT
kak = 1, and subject to successive PCs being uncorrelated. The vectors ak are the EOFs.

For more EOF myths, 
legends and sagas, why not 
consult the oracle …

A message from 
our sponsor

Myth 6: The last few PCs 
are ‘noise’. 

Well they can be, but small variance PCs 
can be useful too

•They minimise variance, and so can detect 
unsuspected near-constant relationships between 
variables
•They can be useful for detecting outliers
•When PCA is used as a pre-processing 
dimension-reducing tool before another 
multivariate technique, the last few can sometimes 
be more useful than the first few.

Regression example:
Predict cloud base height (y) at a coastal airport 
from air temperature (x1), sea surface temperature 
(x2) and dew point (x3). Last PC is approximately 
(x1-x3), a better predictor of y than the first two.

Myth 4: The number of EOFs 
retained is important

Well ‘Sometimes’, but often ‘No’

The number of retained EOFs is important if they 
are to be rotated. Otherwise, adding an extra EOF 
doesn’t affect those already found, so the cut-off is 
relatively unimportant.

Related open question: how many 
should you keep? Despite myriad 
suggestions in various literatures there 
is still no clever way that beats simple 
rules of thumb

Myth 1: PCA is a special case 
of factor analysis

Well ‘Yes’, but largely ’No’

It is true that by invoking a restrictive model for the 
data, with a Gaussian assumption, and using 
maximum likelihood estimation, we can get PCA as a 
very special case of factor analysis, but the 
differences are much greater:

•PCA is usually exploratory, not model-based
•PCA concentrates on explaining variance; FA 
concentrates on correlations
•Choice of how many factors/components to keep is 
more important in FA
•Factors are rotated by default; EOFs are not

Myth 5: Rotation of 
components is essential 

No, though rotation is sometimes helpful

Some rotated EOFS – aren’t they 
pretty?

Rotation is advocated because it is claimed to 
be more likely to produce ‘physical modes’. A 
dubious claim, but a claim that rotation 
produces ‘simpler’ modes is better supported.

Open problem: For simplifying 
interpretation, many alternatives to 
rotation exist. Work continues on 
assessing their advantages and 
disadvantages

Myth 2: PCA needs 
Gaussian data

Well ‘Sometimes’, but largely ’No’

PCA is largely descriptive. Only 
in the rare circumstances where 
formal inference is required do 
we need distributional 
assumptions.
The only type of variable for 
which it must be ruled out is 
unordered categorical e.g. cloud 
type, though care is needed in 
interpreting results for heavily 
discrete variables.

Open 
problem:
exactly when 
and how does 
discreteness 
cause a 
problem in 
interpretation?

Myth 3A: EOFs produce 
physical modes 

EOFs give ‘maximum variance linear modes’ –
whether they are ‘physical modes’ depends on the 
definition of ‘physical’. Linear modes with maximum 
variance should certainly be ‘interesting’ 

EOF1 of 850hPa EOF2 of 850hPa 

PNA-likeNAO-like

M.H.P. Ambaum, B.J. Hoskins, and D.B. Stephenson, 
North Atlantic Oscillation or Arctic Oscillation?
J. Climate, 14, (2001) plus the Corrigendum in 2002

Myth 3B: EOFs can’t produce 
physical modes

Question: 
these are
EOFs. Which 
represent 
physical 
modes?
One, both or 
neither?
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An (almost relevant) 
red herring

EOFs and rotated EOFs for the 3-variable 
Lorenz system

Raises a related question: how to generalise 
linear EOF analysis to non-linear situations? 
Various suggestions: research continues.
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