
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, I 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 questions, back up your responses 
with figures / tables / numbers.  An image / table is worth 
1000 words!!! 



Dataset
Data file:  PCA1M.wk1  (main matrix)

96 samples and 5 variables

Samples are monthly values (Jan. 97 - Dec. 04) 

Variables:  
• Time:  decimal year   

• MEI:  El Niño 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

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



Data Exploration – Correlograms

Time Trends ?

Regional Indices 
(PDO / MEI)

Local Indices              
(up36 / up39)



Data Exploration – Advisor

Rows -
Skewed

Columns -
Not Skewed

Outliers: Samples

Look our for these 
in the plot results



Data Exploration – Variable Year

- 0.2330 E-07 = skewness



Data Exploration – Skewness

0.94  = skewness0.22 = skewness

0.60  = skewness 0.24 = skewness



Statistical Results – With Year



Statistical Results – With Year

Important Axes:

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

Interpretation: Loadings > 0.5 highlighted (arbitrary)

MEI / PDO 

Together

up36 / up39

Together
Time

up36 / up39

Opposite



Data Transformation  – Time since Start

Transformation:
• Subtract 1970 (first year sample)

• Recode as “Time Since Start”

Similar skewness

No more outliers



Data Exploration – Skewness

- 0.2330 E-07 = skewness



Statistical Results – With Time



Statistical Results – With Time

Important Axes:

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

Interpretation: Loadings > 0.5 highlighted (arbitrary)

MEI / PDO 

Together
up36 / up39

Together
Timeup36 / up39

Opposite



Data Transformation  – Remove Time

Remove Column:
• No Time

Less Skewness          
(for rows)

Still No Outliers



Statistical Results – Remove Time



Statistical Results – Without  Time

Important Axes:

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

Interpretation: Loadings > 0.5 highlighted (arbitrary)

MEI / PDO 

Together

up36 / up39

Together

up36 / up39 

Opposite



Data Exploration – With Time

Independent 
(orthogonal) variables



Data Exploration – Time

• No correlation with axis 1 or 2 • Positive correlation with axis 3



Data Exploration – Time



Data Exploration – Without Time

Independent 
(orthogonal) variables



Data Exploration – With Time

Axis 1:  

• Big:                         
More Upwelling

• Small:                     
Less Upwelling

Axis 3:  

• Small: Warm

• Big: Cool
SU97

SU98
Su99

Su02

WI97

WI98



Data Exploration – Without Time

PDO – axis 1 MEI – axis 1



Data Exploration – Without Time

Upwelling 36 – axis 1Upwelling 39 – axis 1



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


