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Correlations
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“Statistics is merely a quantisation of common sense”



Applied Statistics

Correlations

Transfurmetion

Accept-Rejuct

Multidim, analysis

e B e e e e e

3

Plot

Simulation

DATA

Overview of subjects

Tmbcn 1L Rre XX

Statistical Systesnutic

B 4 e . e e

y

et e S

d

Andecson-Darling

Bty

Farre B | Nedre. erpes”

P by ¥ N [ el Behon s wd bans Aaboat

Lirowy L coar “Satmaie W el
UG Port o Dade ey 300 Boves

Sad 1L Fotanin = A d ol S n X e e (0 P
Wl G T e bon AL st Mok speied m b ressed 1
SAN Sy St ion | Fasctors we beery brde] Ao mscw wies

Hypothesis testing
r-dent it

Test assumpinns

e ma

|

Uncertainties _‘ E'::ff'_"gﬁ‘.ﬁf" ‘
: L e e
Likelihood ,| Ftting
Chls‘quare

e
—a & Poisasa

IUnlfon}.l Ilh-ptmcm’ul] I(?-.\rusoi.m~

|c=m—g Lamit Ezuun|




Correlation

lemperdure (Fatrenheit)
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North Atlantic Oscillation (NAQ) Effects
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Are there any correlations here?
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Correlation
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North Atlantic Oscillation (NAQ) Effects

Uoper Texas Coast Tenpercture

Are there any correlations here?

40

] .- L

o " " L " "
n =] a . -ll.J__---"' .-l
' "I e T AtV

<5l F— e " ., aF

P n - .l.I- o l.. .

n
o .
u - o )

www.guessthecorrelation.com
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http://www.guessthecorrelation.com

Correlation

Recall the definition of the Variance, V:

V=02= 23 (@i —1)? =Bz -



Correlation

Recall the definition of the Variance, V:
1 T
V=0c'==) (zi— )’ =Ellz—p)? = Bl2") — p°
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Likewise, one defines the Covariance, Vyy:

Viw = 5 D01 — ) (i — 1) = Bl(zi = 1) (31 — )
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Recall the definition of the Variance, V:
1 T
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Likewise, one defines the Covariance, Vyy:

Viw = 5 D01 — ) (i — 1) = Bl(zi = 1) (31 — )

“Normalising” by the widths, gives Pearson’s (linear) correlation

coefficient:

Pxy =
920y o(p) = \/%(1 ~p?)2 +0(n?)



Correlation

Correlations in 2D are in the Gaussian case the “degree of ovalness”!
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Note how ALL of the bottom distributions have o = 0, despite obvious correlations!




Correlation Matrix

The correlation matrix Vyy explicitly looks as:

. e P 2 ]
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2 2 2
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2 2 2
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The variance of variables can be found along the diagonal,
while the (symmetric) off-diagonal terms show the co-variances.



Correlation and Information

Correlations influence
results in complex ways!

They need to be taken into
account, for example in
Error Propagation!

Correlations may contain
a significant amount of
information.

We will consider this more
when we play with
multivariate analysis.




Planck example

o - M

0.

[ "%

LTS "5 a4y

- F) -
% STHT U

I3 A 1%

A

AN

»

a

i on PR M
Tt BTl (- 10%

2. 1-00e B8R 1%

L5 1%-D8% T

~

8%

B

TE%

134

96

B0% 1%

-

4%

nx - -
s *
w PR -43% <R
0N

VFc-B47 90

11



Rank correlations

Sometimes, variables are perfectly correlated, just not linearly:

In this case the Pearson
correlation is not the best
measure.

Rank correlation compares
the ranking between the
two sets, and therefore gets
a good measure of the
correlation (see figure).

The two main cases of rank
correlations are:

e Spearman’s rho

e Kendall’s tau
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Rank correlations

An additional advantage is,
that the rank correlation is
less sensitive to outliers:

The two rank correlations are

special cases of a more general

rank correlation.

Typically, Spearman’s rank
correlation is used.

The definition is:

Spearman correlation=0.84
Pearson correlation=0.67
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where r; and s; is the rank of the i’th element.




Non-linear correlations

Non-linear correlations (associations) are harder to measure, but possible:

e Maximal Information Coefficient (MIC), see reference and Wikipedia on MIC.
e Mutual Information (MI), linked to entropy, see Wikipedia on MI and SKLearn.

e Distance Correlation (DC) between paired vectors, see Wikipedia on DC.
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Original paper: "Detecting Novel Associations in Large Data Sets” (2011). Science 334 (6062): 1518-1524.
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https://en.wikipedia.org/wiki/Maximal_information_coefficient
https://en.wikipedia.org/wiki/Mutual_information
https://scikit-learn.org/stable/modules/generated/sklearn.metrics.mutual_info_score.html
https://en.wikipedia.org/wiki/Distance_correlation

Correlation Vs. Causation
“Com hoc ergo propter hoc”

(with this, therefore because of this)
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[t is a common mistake to think that correlation proves causation...




Correlation Vs. Causation

“Com hoc ergo propter hoc”

(with this, therefore because of this)
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