Why Use EOF Analysis?
Short answer: It isa useful way of organizing information.

Analogy to Fourier Analysis

I’ll make an analogy to the more familiar Fourier analysis. Let’s say we have atime
series of N paints. We @an convert these N pieces of information into the diff erent format
of atime series mean and N-1 sines and cosines. All we ae doing is representing the
information as alinear combination d different amplitude sines and cosinesinstead of
pointsin time with dfferent amplitudes.

Why would we want to dothis? Perhaps what we ae interested in are the low-
frequency variationsin the time series. These ae eaily charaderized by the anplitudes
of the low-order sines and cosines. Perhaps we want to represent the data more
compadly. If the high frequencies have littl e variance then we can cut out the high order
sines and cosines and still have nearly the same origina time series. But we canna
simply cut points out of the time series and till preserve nealy the same information.

It isimportant to kegp in mind we ae not restricted to using sines and cosines. If the
time series has “jumps’ in it then we would need large-amplit ude high-order sines and
cosines to charaderize those jJumps. Instead we would be better off using a diff erent set
of orthogonal functions to characterize the time series. A set of functions with “jumps’ in
them could all ow us to charaderize the time series primarily with the lower-order
functions. The gpropriate set of orthogonal functionsto use culd be empirically
determined from the time seriesitself.

Empiricd Orthogonal Function Analysis

All EOF analysis doesis determine aset of orthogoral functions that characterizes
the covariabili ty of time seriesfor aset of grid pantsin asimpleway. Instead of X grid
points ead with N values in time we have X EOF patterns each with N valuesin time.

In fad, we need nd even use time series and spatial grid pants. EOF analysis could just
aswell be gplied to concentrations of X different chemicd compounds from N diff erent
experiments.

How are the EOFs chasen? Well we aould ask the question, what index time series
could we anstruct that produces regressor/correl ation maps with the overall strongest
amplitudes? Such aregresson map and index time series would turn ou to be the leading
EOF. We ould then ask the question, if we subtracted the variabili ty associated with
EOF 1 ou of the data, what index time series would produce regressorv/correl ation maps
with the overall strongest amplitudes? That would turn ou to be EOF 2, and so on.

Why is this useful ? Going back to the Fourier analysis analogy, the data ae more
compadly charaderized by EOFs. Large-scde variabili ty will bein the low-order EOFs
and the higher-order EOFs will have low-amplitude spatially-incoherent “noise”. One
applicaion o EOFsisreconstruction d SST variations. EOF patterns are cdculated for
recent decales when SST data ae avail able globally and wsed to transfer information
from data-rich to data-poor regionsin earlier times. |.e., if EOF analysistellsis SST is
low inregion A whenisit high inregion B, we @an estimate variationsin region A by
knowing variationsin region B (assuming SST variability is gationary).




Advantages of EOF analysis
* Produwesthe index time series which explains the greaest amount of variabili ty
(i.e., amplitude of regression map)
» Conwvenient methodfor charaderizing dominant spatial pattern of variability
» Compad representation d data
» EOF patterns and time series are linearly independent

Disadvantages of EOF analysis
¢ Can be sensitive to choice of spatial domain and time period
» Fedures can be mixed between EOFs if their eigenvalues are smilar and the
degrees of freedom in the time series are too small .
» No guarantee the EOF pattern has physicd meaning (i.e., EOF analysis can crede
patterns from “noise”)

Advantages of Simple Time Indices
» Simpler to construct and interpret
* Insensitive to detail s of statisticd techniques

Disadvantages of Simple Time Indices
* Do na explain the most variance
* Not certain to characterize the dominant spatial pattern of variabili ty
* Can belinealy dependent (i.e., dfferent timeindicesdo nd uniquely contribute to
variahili ty)

In my own research | use both EOF analysis and simpler time indices depending on
what provides the most advantages and least disadvantages for the particular situation.
Often, EOF analysis can be used to identify the best way to construct a simple time index.



