PCA Examination Key

This exam is worth 10 points (two homeworks).

Just like in the homeworks, make sure you explain what
you are doing and how you are getting the answers. This
way, | can give you partial credit for incomplete answers.

In particular, explicitly state what PC-ORD command you
used to obtain the various figures / results.

You will turn in a ppt file with your images and text
Inserted into the body of the presentation. To copy text
from PC-ORD screen, use “CONTROL + Print Screen”

When answering the guestions, back up your responses
with figures / tables / numbers. An image / table is worth
1000 words!!!




Dataset
» Data file: PCA1M.wk1l (main matrix)

96 samples
S variables
i (J () (] (d
time MEI FDO up_36 up 349
1997 7jan 1997 -0.47 0.23 -21 -0.27

» 96 samples and 5 variables
» Samples are monthly values (Jan. 97 - Dec. 04)

> Variables:

* Time: decimal year

 MEI: El Nino Multivariate Index (positive: warm, negative: cold)

* PDO: Pacific Decadal Oscillation (positive: warm, negative: cold)

* Up36: upwelling at 36 N (positive: upwelling, negative: downwelling)

* Up39: upwelling at 39 N (positive: upwelling, negative: downwelling)




Data Exploration

Groups  Tools  Window Oy

Scatkerplok
Dorinance Curyes

Scatkerplob Makrix

Diskributions

Use scatterplot matrix to make a
plot of all possible pair-wise
combinations of the 5
environmental variables




Data Exploration — Correlograms

correlations

> Time Trends ?

»Regional Indices
(PDO / MEI)

» Local Indices
(up36 / up39)




Data Exploration — Advisor

%X =zeraos 0.8
Lverage distance - Rela.Eucl. 0.05615 > ROWS -
Lowest nohnzero walue —-1s2.000
Highest walue 2004.917 Skewed
Rows Colunns > Columns -
Contents: 96 samples S wariabhle
akewness NOt Skewed
Average
M it
Minimutm
CWV o of totals, %
Fotential Cutliers
Disztance mwmeasure: Eela.Eucl. >> c) . .
utliers: Samples
4,1-1999jun .
3.6-20023ul | 0. Look our for these

2.9-199%may

z.6-2003 jan In the plot results




Data Exploration — Variable Year

Distribution of Variable "Year"

Density

s kemel 4
0.16 4 « Normal

Density

0.08 -

|:||:|4 L T T T T T T T T T
1997 1999 2001 2003 2005
time

- 0.2330 E-07 = skewness




0.40 4

0.30 4

Density

0.10 4

0.00 4

0.006 4

Density

0.002 4

0.000 4

Distribution of Variable PDO

Data Exploration — Skewness

0.004 4

Density
« Kernel 4
« MNormal
-3 1 3
PDO
Distribution of Variable Up_36
Density
« Kernel 4
« Mormal
-150 -50 50 150 250
up_36

0.60 =skewness

Distribution of Variable MEI

0.40 1 Density
« Kernel 4
« Mormal
030 4
oy
e 020
@
o
010 4
000 4 .
2 0 2
MEI
0.94 =skewness
Distribution of Variable Up_39
0.0086 Density
« Kernel 4
« Mormal
0.004
oy
W
=
@
o
0.002 4
0.000 . .
200 0 200
up_39

0.24 = skewness




Statistical Results — With Year

VARTANCE EXTRACTED, FIR3T 5 AZES

Eroken-stick

LXTR Eigenvalue % of Variance Cum.: of Var. Eigenvalue
& 12RS521 0281 = Slel 2 s calEsE L 6
5 511 524 D.DSS DIt D alie R SR RaEIE) S S

A=

Ln
[0
-
l_l.
(i
(]
(I
(o

iR R Ecte S =
24.721 0.0035

B SIEEREHE
34475.43537

L

L]
(SRR

=

BANDOMIZATICN BREZSULTS
99 = number of randomizations

Eigenvalues Eigenvaluez from randomizations
from ———————— = ——

0.1205ZE+08 0.28359E+06 0.30955E+06 0.31e21E+4+068 1.000000

S511.53 4da.67 S0z .24 519,74 0.230000
—II_-—III-I—
24.721 TE.014 92,905 101.46 Laooooo

* p—walue for an axisz i= (n+1)/ (N+1), where n iz the nuwmber of randomizations
with an eigenwvalue for that axis that is equal to or larger than the obhserwved
eigenvalue for that axis. N is the total nuker of randomizations.




Statistical Results — With Year

» Important Axes:

Eigenvalue: 1,2,3,4 Broken-stick: 1 P-values: 1,4

» Interpretation: Loadings > 0.5 highlighted (arbitrary)

FIRST 5 EIGENVECTORS, =caled to unit length.

These can be used as coordinates in a distance-bhased biplot,
where the distances amondg ohjects approxXximate their Euclidean
distances.

Eigenvector
variahle 1 2 3 4 5
time O.0000 O.0046
MEI -0.0012 -0.0001 -0.0714
FPDO -0.0041 -0.0030 -0.0281
up 36 O.0035
up 39 -0.00z8
up36 /up39 up36/up39 - MEI / PDO
Ime

Together Opposite Together




Data Transformation — Time since Start

@RS Summary Ordination  Graph Groups Tools W

Transformations. .. + B . .
Relativizations, ., » > T ran Sfo rm atl O n :

Beals Smoothing samples

wvariakhles

Append Matri . » Subtract 1970 (first year sample)

Transpose Matrix
Delete Rows, .
Delete Columns. ..

be75an 1597 » Recode as “Time Since Start”

b A T B .

Multiply Or Add & Conskant Main Makrizx
Random Sample ¥ Second Makris | s TTT TS T T TS T oo m e
Shuffle Data Hain matrix
S97apr 1287?25 @@ @ -—_—
) % zeros 1.0
Average distance - Rela.Eucl. 1.14712
Lowest nonzero wvalue —-162.000
Highest walue 240.000
Fows= Colunns
. . Contents: 96 samples 5 wariakle
» Similar skewness
bverage
Max irnan
Miniroam

> NO mOre OUtIlerS CV of totals, %

Fotential outliers
Distance measure: Fela.Eucl.
SDh-Ttem SD-Ttem
MNone found.




Data Exploration — Skewness

016 4

Density

0.08 -

0.04 1

Summary
Density
« Karnel 4
« Normal
2 4 §
time

- 0.2330 E-07 = skewness




Statistical Results — With Time

VARTANCE EXTRACTED, FIR3T 5 AZES

Eroken-stick

LXTR Eigenvalue % of Variance Cum.: of Var. Eigenvalue
& 12RS521 0281 = Slel 2 s calEsE L 6
5 511 524 D.DSS DIt D alie R SR RaEIE) S S

B SIEEREHE
34475.43537

A=

Ln
[0
-
l_l.
(i
(]
(I
(o

iR R Ecte S =
24.721 0.0035

L

L]
(SRR

=

BANDOMIZATION REIULTS
93 = number of randomizations
Eigenwvalues Eigenwvalues from randomizations
from = - -

0.1205zZE+08 0.253359E+06 0.30935E+06 0.316Z1E+06 1.000000
3 511.53 346,67 502 .24 a2l19.74 0.230000

1. 000000

* p—walue for an axizs i=s (n+1) S (N+1), where n is the number of randomizations
with an eigenwvaluse for that axis that iz equal to or larger than the observed
geigenvalues for that axis. N iz the total number of randomizations.




Statistical Results — With Time

» Important Axes:

Eigenvalue: 1,2,3,4 Broken-stick: 1 P-values: 1,4

» Interpretation: Loadings > 0.5 highlighted (arbitrary)

FIEST 5 EIGENVECTORES, scaled to unit length.
Theze can be used az coordinates in a distance-hbased hiplot,
where the distances among obhjects approximate their Euclidean

distances.
Eigenwvector
wvariabhle 1 2 4 o
Lime d.0046 a.o07v0:2 d.0310
MEI -0.0001 a.7108
FDO -0.0030 a.7027
up 36 a.ooo9 o.ooog
up 39 a.004%46 -0.0025
up36 /up39 up36/up39 MEI / PDO

Time
Together Opposite Together




Data Transformation — Remove Time

lela[@AREEN Summary  Ordination Graph Groups Tools Window  Options Help

TransForrations. .. *
s . - Rcmove Column:

Eeals Smoothing

Append Matrix .
[ ]
Transpose Makrix 2 . Q Q N O TI m e
MET PDO up 36 up
Main Makrix Fewer Than M Mon-zero Yalues ’

Delete Rows. ..

Delete Columns. ..

3
L3
L3
L
»
3

Multiply Or Add & Conskank You Specify

Random Sample

shuFFle Data 66 —0.1743 O.65 ] &5

=T - T (= (] o el o | — [ = i Ch

Main matrix
% zeros 1.0
bverage distance — Rela.Eucl. 1.1451¢6
Lowest nonzero wvalue —-162.000
Highest walue 240.000
> Less Skewness cotumns

Contents: 4 wvariakle

Skewness
(for rows)
Max irmamn
Minirman

> Still No Outliers o torals, ¢ oL E— T

Fotential Cutliers
Distance measure: Fela.Eucl.
FD-Item FDh-Item

None found.




Statistical Results — Remove Time

WARIAMNCE EXTRACTED, FIRST 4 AKXES

Broken-=stick

AXETS Eigenvalue % of Variance Cum.% of Var. Eigenvalue
2 l2E5lE R 13.980 oo e 233309.109
= 173, 720 1,020 gg ., 99’7 Ll F el T SEE
4 ab.154 0.003 100,000 53840.566

RANDOMIZATICN REIULTS

99 = number of randomizations
Eigenvalue Eigenvaluezs from randomizations
from  ----—-———-"""""""""—"—"""¥"—"\"—""—"—"—"—"—"—"——"\—"———"—-—
Axiz real data Minirmnun Mverage Max irnam p ¥

0.12052E+06 0.26837E+0G 0.30913E+06 0.31619E+06 1.000000

| lios.e7 | 11s.26  130.66) | O.010000
4 £5.154 79.994 94,932 101.25 1.000000

* p—walue for an axis iz (n+l1)/ (N+1), where n i= the nuwber of randomizations
with an eigenvalue for that axis that iz equal to or larger than the obhserved
eigenvalue for that axis. N iz the total number of randomizations.




Statistical Results — Without Time
» Important Axes:

Eigenvalue: 1,2,3 Broken-stick: 1 P-values: 1,3

» Interpretation: Loadings > 0.5 highlighted (arbitrary)

FIEST 4 EIGENVECTORS, =scaled to unit length.

These can be used as coordinates in a distance-based biplot,
where the distances among objects approXximate their Euclidean
distances.

Eigenvector

variable 1 & 3 z:
MEI -0.0019 -0.0001
PDo -0.0041 -0.0030 -l -0, 7066
up 36 —-0.0006 0. 0003
up 39 -0.0047 -0.00z25

up36 /up39 up36/up39 MEI/PDO
Together Opposite Together




Data Exploration — With Time

Axis 3
[=
&

Increment and curmalative RB-sguared were adjusted for any lack

of orthogonality of axes.

bxis pair r

Axis 1

Orthogonality, % =
1ws 2 o.ooo ioo.0
1 ws 3 o.ooo ioo.0
2 ws 3 o.ooo ioo.0

100 {1-r*2)

variahle
Lime

MEI

PLO

up 36

up 39

Eigenvector

1
O.oooa
-0.001s

» Independent
(orthogonal) variables




tirme

Ais 1
r=-002 tau = -.004
Axis 2
r= 071 tau= .0B0

* No correlation with axis 1 or 2

Axis 2

Data Exploration — Time

Data Distributions
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» Positive correlation with axis 3

Axis 3

Data Distributions
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PDO

up_39

Data Exploration — Time
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Data Exploration — Without Time

A B,
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Axis 2

Increment and cumulative R-sguared were adijusted for any lack

of orthogonality of axes.

hxis pair r Orthogonality,% = 100(1-r*2)
1 ws 2 0.036 939.9
1 ws 3 o.ooa 100.4
Z ws 3 o.ooa 100.4
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» Independent
(orthogonal) variables




Data Exploration — With Time

Plotting Anomalies
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> AXIS 1:

* Big:
More Upwelling

e Small:
Less Upwelling

> AXIS 3:
e Small: Warm

* Big: Cool




Data Exploration — Without Time

FDO

Axis

r=-097 tau=-015
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Axis 2
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Data Exploration — Without Time
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Conclusions

Number of eigenvalues = Number of variables

Eigenvalues loadings did not change
- even after transforming YEAR data

Broken-stick results did not vary: YEAR / TIME
Randomization results did vary: YEAR / TIME

Removing time (linear variable)
- one less eigenvalue

- highlighted upwelling / PDO / MEI influence




