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Hrst-order quadratic difference
equation

control run: black, perturbation runs: blue

= illustrated
the general problem
of predictability by
considering the first-
order quadratic
difference equations:
Y. =aY,-Y,/?

Black: con&rol fun or
= Figure is for Y(0) = | “observations”

1.5,a=3.75
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A recent heat wave

Occurrence probability of extreme warm T2m
Initial: 2011.10.21.12UTC, Valid: 2011.10.24.12UTC

number of centers
with > 50% probability

contour: control Z50
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probability falling above the 90th percentile [%]
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DJF Rainfall Area-Average (Africa south of 10°S)
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data sets

atterns describing the

| variability within a data set
d in PCA

his sense that CCA is referred to as
ouble-barreled” PCA



CCA...

gression, the predictand is a

lewed as an extension of

dictor: vector of SSTs, SLP, etc.
edictand: vector of rainfall stations, etc.

idely applied to geophysical data in the form
of fields



CCA...

V=A'X

= BlY

a linear combination of elements of
respective data vectors X and Y

sponding vectors of weights of X,

: corresponding vectors of weights of Y,
' (called canonical vectors)

X and Y: centered data



Properties of CCA...

corr[V,W,| = ... = corr[V,,Wul

= var[W,.]=1,m=1,... M

he M successive pairs of canonical variates
exhibits a weaker correlation than the previous pair

_anonical correlations, r., are correlations between
the pairs of canonical variates




AlgEbraic problem to solve for A and B...

TS, A - 1) - 1 u(BTS\yB - 1),

ngian multipliers)

9\/3B = ST, A - uSyyB = 0

...and after some incredible algebra...



1ematics of CCA

A eigenvalue problem:
«— M)A =0

(8,415, 1S, ~ MI)B=0

yXx“= xx

t eigenvalue A% is associated with the
first eigenvector A, or B,

(2 =r)



CA version of CCA

metimes useful to “prefilter” the
ictor and predictand) of raw

two analyses be truncated at different
bers of principal components

ARE: important information could be lost
 truncating the PCA

'CA necessary when there is strong spatial
correlation within fields

‘@ With small sample size, PCA pre-filtering tends
to improve stability - necessary for forecasting
independent data



CCA as analysis tool

bgix),j=1,2...,p

onical component time series (r; and sy)

Barnett, T. P., and Preisendorfer, R. W. 1987: Origins and levels of monthly and
seasonal forecast skill for United States air temperature determined by canonical
correlation analysis, Monthly Weather Review, 115, 1825-1850.



Deterministic statistical model (SST as predictor)
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Y Spatial Loadings (Mode1): Rainfall
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Limpopo Rainfall Simulation Skill (ROC)
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Cross-validated DJF rainfall forecast skill Nove'm be'r-De'Cem'ber-TlamJ'ary |
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Y Spatial Loadings (Mode1): Rainfall
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| points...

predict weather and climate

‘a linear tec

t which can provide some
into the dynamic

the Earth System

diagnostics are notoriously difficult to interpret

ly

= The Weights are defined to maximize the correlation, not
maximize the interpretability



