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Purpose

« Understand how to measure the strength of relation between
two variables
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Qutline

1. Definition/understanding correlation
2. Measuring correlation
3. Visualizing correlation, transformations
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Defining and Understanding
Correlation
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Background

° I . . . "
Correlation is a multivariate concept 6/13/2008

* Two or more variables ©
coincident in some way '
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“Co-relation”

 When variable X departs from its mean, does variable Y depart
from its mean in a similar manner?
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Correlation

 How can we quantify the strength of a relationship between two
variables?

* Does not imply causation...
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Data

 Two or more variables coincident in some way
* Example here: coincident in time

« Correlation measured on coincident pairs of
data
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Computing Correlation
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Population Covariance

« How much do two variables vary from their mean at the same
time?
« Notated cov[X,Y]
* Oy = cov|X,Y| =E|(X —E[X]D(Y — E[Y])]
« where E[X] is the expected value of random variable X
e cov|X,X]| = var|X]

— 2
* Oxx = Ox
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Sample Covariance

Sample Variance

1 ~ — 2 2
» Sample s, = — tixi =)y —y) x—n_lz (x;— %)

 Note:

* Sxx = Sx
* Has units of (unit of x) * (unit of y)
* No boundson range of values
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Correlation

* Normalization of covariance to be on the range [-1, 1]
* Normalize using the product of the two variables’ variance

US Army Corps
of Engineers.



Three Ways to Measure Sample
Correlation
* Pearson’s product-moment correlation coefficient (r)

» Kendall's rank correlation coefficient (1)
« Spearman’s rank correlation coefficient (p)
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Pearson’s Correlation Coefficient

* Measurement of linear correlation between two variables
* Performs badly in non-linear situations

* Normalization of covariance between variables

. ___ covlxy] N X(xi =) (yi—y)
Pxy JvarlXlyvarlY] o -0 Y (yi-9)?

e

US Army Corps x is a dataframe with 2 or more columns
of Engineers.




Kendall’s Tau

« Measurement of ordinal association between variables

i i S9n(xi = %) sgn(v: = )

Termis-1ifbothx andydo
not increase (ordecrease), +1
otherwise

.T:

» Special modifications for ties (x; = x;ory; =y;)

R:
cor(x, method = “kendall”)

US Army Corps x is a dataframe with 2 or more columns
of Engineers.



Spearman’s Rho

e Pearson’s correlation on rank-transform of the data
* Assesses monotonic relationships whether or not they are linear

6247\ hered; = rank(X:) — rank(Y)
n(n-1) l l l

» Special modifications for ties

op:l_

R:
cor(x, method = “spearman”)

US Army Corps x is a dataframe with 2 or more columns
of Engineers.



Product-Moment vs Rank Correlation

Spearman correlation=0.35

Pearson correlation=0.37

Spearman correlation=1
Pearson correlation=0.88
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Spearman correlation=0.84
Pearson correlation=0.67
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Visualizing Correlation
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Visualizing Correlation

* |sthere a pattern between Xand Y?
* |s it positive (large X tends with large Y)?

* Orisit negative (large X tends with small Y)?

e [sitlinear?
 Canitbetransformed?
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P
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Correlation = 0
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Correlation =0.5 Correlation = 0.75
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Correlation = 1 Correlation =-0.5
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Is this linear?

i;’ : r (Pearson) = 0.55
8 - p (Spearman) =0.59

0.00- r
0 2 4
x1
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Transformation

« Use a monotonic function on the variables to improve linearity
* Only affects Pearson (linear) correlation!

« Two common functions:
* Logarithm

« Exceedance probability/standard normal
* (requires a probability distribution)

Transformations

E' None Exceedance

@ Log Probability (p,£p)
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CDF Transform
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Exceedance Probability Transform

0000000

Correlation in two-site
peak streamflow?

 Start with log transform

* Consider exceedance i
probability transform

 Fitted log-Pearson type lll
distribution

1,000 T
1,000 10,000
Marshalltown (cfs)
Concurrent Record
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Questions?

US Army Corps
of Engineers.



