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Multivariate
Analysis:
Redundancy

Ana‘l\yﬁs‘is (RDA)
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Guest lecture — 11/04/2023

Outline
Introduction

1. What is a RDA?

2. Constrained and Unconstrained Variances

3. Plotting and interpreting the RDA

4. Variance partitioning
5. Exercice (We will go through a RDA together)

7. Question session
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Multivariate analysis

Var2

+ The most common multivariate
analysis is the Principal
Component Analysis (PCA)

<Summarise the colinearity of
the variables

2Reduce a n-dimension table to
a smaller one

Multivariate analysis

PcA g ofvatasies

H 1
H _ S
i s ~
« Multivariate analysis: when
you have a table with many ',,/ h
variables:
2 Want to understand their
potential correlations [ \

5The similarities between Bl
individuals

2Summarise complex
information into fewer

variables
-
Multivariate analysis
g wpaws | —Temperature
+ What to do when we want to ° o\

explain a set of variables with
another set of variables?

P s Soil moistur:
(example: explaining the plant’s
morphology by environmental [

variables) [

= We run a Redundancy Analysis
(RDA)

“Precipitation
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What is an RDA?

How do we build an RDA

Multiple regressions

+ Multiple linear regression

Y~a+bhiX+bX+.. . +buX+e
In this case:

Y : response variable

Xu : explanatory variables

a: the intercept

bu: the slope related to Yum

e: the residuals

0o

OBSERVATIONS (ROWS) IN BOTH TABLES

. .
Multiple regressions
« An RDA: a direct extension of the multiple linear regression with multivariate data
Set of response variables Set of explanatory variables
BE CAREFUL YOU SHOULD HAVE THE SAME NUMBER OF



Multiple regressions

- An RDA: a direct extension of the multiple linear regression with multivariate data

Row =
. Y X Row =
observation = N
~ observation
\ J L J
Y Y

N response variables

M explanatory variables

BE CAREFUL YOU SHOULD HAVE THE SAME NUMBER OF OBSERVATIONS (ROWS) IN

BOTH TABLES
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Multiple regressions

- FIRST STEP : regress each response variable by the explanatory

variables

Y1~ Xi+Xot.
Yo~ X1+Xot.
Y3~ Xi+Xot.

Y~ Xi+Xot.

AXnter
LA Xnt e
A Xntes

A Xt en
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Multiple regressions

« STEP 2: extract the fitted values and the residuals for each linear model

Yi~ Xi+Xot...
Yo~ Xi+Xot...
Ya~ Xi+Xot...

Yo~ Xi+Xot...

+Xm+ €1
+ Xm + €2
+Xm+ €3

+Xm+ €n

Matrix of fitted values

Matrix of residuals

12
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Multiple regressions

« STEP 3: pca on the fitted values

PCA Matrix of eigen-values

Y —) u (creation of the new

multivariate space)
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Multiple regressions

« STEP 4: projection of the raw data and fitted values in the new space

Projection

=) N
U

New coordinates for the explanatory
variables in the new space

Y )
New coordinates for the response

variables in the new space
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Multiple regressions

« STEP 4: projection of the raw data and fitted values in the new space

f;::,::

New coordinates for the response New coordinates for the explanatory

variables in the new space variables in the new space
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Multiple regressions

« STEP 5: pca on the residuals

Matrix of eigen-values

(creation of the new space Projection of the

for residuals) residuals in the new
space
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How do we build an RDA

An RDA is two PCAs in a trenchcoat:

* One on the fitted values (summarising
the results of multiple linear
régressions)

* One on the residuals (summarising the
variability that was not catch by the
linear régressions)

17

The results of the

RDA
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Constrained and unconstrained
parts of the RDAs

An RDA is two PCAs in a trenchcoat:
* The fitted model (constrained)
* The residuals (unconstrained)

Constrained and unconstrained
variance

When you run a RDA, you will have this table :

Inertia Proportion Rank
Total 4.57296  1.00000
Constrained  4.25228 0.92987 4

Unconstrained 0.32068  0.07013 4
Inertia is variance

Inertia is synonym to variance

Total is the total variance of your response variables
Constrained is the variance explained by your linear model
Unconstrained is the remaining variance that is not explained by the model
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Constrained and unconstrained
axis

Similarly to the PCA, you can
look at the variance explained by

each axis:
Eigenvalues for constrained axes:

RDAL RDA2 RDA3 RDA4 The constrained axis are the
4.090 0.159 0.002 0.001 variance for the fitted model: the

sum of the « eigenvalues » should
el P2 e Ped equal to the inertia of the
0.21289 0.08174 0.02178 0.00428 constrained model

Eigenvalues for unconstrained axes:

The unconstrained axis is
variance of the residuals. We
don’t usually interpret them.

21
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The performance of the RDA

- Similarly to a regular linear regression, you have a R, that
represents the overall fit of the models (the adjusted R? take in
account the number of explanatory variables)

« There is F-statistics that compare the model with a null model

3Ho : the strength of the linear relationship, measured by the

canonical R2, is not larger than the value that would be obtained for
unrelated Y and X matrices of the same sizes

2We can test for the whole model or for each axis of the model or for
each explanatory variables !

22

Plotting an RDA

2 types of plot in st
RDA ] i
/
/
« Scaling 1 or distance /
triplot °

2The distance between sites
(points) is an
approximation of the H
euclidean distance

3The relationship between
explanatory variables is
preserved

2The angles between
explanatory variables (red T peiongn
arrows) are meaningless

24
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2 types of plot in
RDA

Scaing 2

- Scaling 2 or correlation
triplot e

3The angle of two variables

is an approximation of the
correlations between the

two variables g
>The distance between two 3
objects does not reflect
their Euclidean distance H
aox1
Summary

+ An RDA is just a linear regression with multiple response variables
and multiple explanatory variables

Y ~ X +RES

« An RDA is two PCA: one that will capture the variance of the linear
models and the other the residuals

« You can either plot accurately the distance between observations or
the relationships between the response variables. In both case, the
correlations between response and explanatory variables is conserved

26

Variance
partitioning in

RDAs




Variance partition

- Type of analysis for RDAs when we separate the explanatory variables
in several sets of explanatory variables

« Goal: Understand what is the variance explained by a specific set of
variables

= Very useful to distinguish the effects of variables when there are
confounding variables

Variance partition

« It consists in three consecutive RDAs

Y

We extract the
variance
™ cxplained by

each model

Variance partition

Variance of Y
\ Variance
/explained by Xz

]

Variance
explained by X1 \

Variance not explained

30
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Variance partition

Variance only
explained by Xz

/

Variance only
explained by X1

31

Variance partition

This is where the two

Variance explained by models are confounded
both X: and X =) Should be as small as
possible

32

Summary of the variance
partitioning

« It is a method to understand where confounding effects are in our
models : How much of the variance could have been explained by
different variables ?

2 Can be very useful when you have geographically structured data

+ What to do when you have a lot of shared variance between two
variables:

2You can not separate the effect of one or the other

2You have to redesign your experiment/data collection to be able to
separate the effects of the two variables

33
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ercice

lo an RDA together!

Little Break

5 minutes

2023-04-11

Exercice : How the environmental
variables impact the communities
composition ?

In 1989: Daniel Brocard sampled
75 sites and described the mites
communities on those sites

There were 35 species recorded in
total.

He measured 5 environmental
variables ot

Goal: Which environmental
variables drive the species g
composition of the mites
communities

36
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What can you tell me about the correlations
between the response and explanatory variables?

Scaing 1

e

What can you tell me about the correlations
between the response and explanatory variables?

Scaing 1

. We are in Scaling 1 :

+ The distances
between sites are
preserved

T - => One site is very

e . different from the

others and it probably
v due to the presence of
LB one species

38

What can you tell me about the correlations
between the response and explanatory variables?

Scaling 2

e subsraisdMfz

ToporurAURY

39
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What can you tell me about the correlations

between the response and explanatory variables?

Scaling 2

e subsratecifBfic

We are in scaling 2:
We can only interpret
the angles between
variables
2> Water Content i

drive the first axis sl
= Topology, and N TopoHumARY

different substrate

driving the second o

axis.

sl
v
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Are there significant environmental variables that

drive the mite communities?

strate + Shrub + Topo, data = mite.env)

Model: rda(formula = mite ens + WatrCont + S
DF Variance

~ SubsD
Pr(

60 0.425

+2 001+

+* 0.001 ‘+ 0.05 .
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What are the performance of the RDA

How much variance is explained by our model? How much is
left unexplained ?

Inertia Proportion Rank
Total 9098.5913 ~0000
Constrained  2918.8096 0.3208 11

Unconstrained 6179.7817 0.6792 35
Inertia is variance

Are the results of our model significant?
Test for the model significance

Model: rda(formula = mite ~ SubsDens + WatrCont + Substrate + Shrub + Topo, data = mite.env)

f variance F PrOF)
Model 11 2918.8 2.4904 0.098 .
8

Residual 58 61,

Signif. codes: 0 0.001 ‘==’

42

14



What are the performance of the RDA

How much variance is explained by our model? How much is left
unexplained ?

- - +-6000 The model
S Constrained  2918.8096 L . 2% of
Unconstrained 6179-7817 E 35 explains 32% o
Inertia is variance the variance

Are the results of our model significant?
Test for the model significance

+ Shrub + Topo, data = mite.env)

Model
Residual 58  6179.8

" 0.01 “PN0.05 °."

Not significant
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TIPS TO RUN A RDA

+ SCALE YOUR EXPLANATORY AND RESPONSE VARIABLES (avoid to
detect effect solely due to difference of units)

« Try to reduce as possible collinearity between explanatory variables as
much as possible before running the rda (with a PCA, for instance)

« Make sure you have the good number of observations in both set of variables
« Don't forget to check the percentage of explained variance

« You can do a variance partition to desentangle the specific effect of one set of variables

44
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Thank

you for
listening

TIME FOR QUESTIONS !
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