
Principal Component 
Analysis: Pine Island 

Sound Monitoring Station



Introduction: Pine Island Sound
• Location: Southwest Florida

• Lies between Sanibel Island/Pine Island

• Connected to other bodies of water
• Gulf of Mexico/Estero Bay/Caloosahatchee River

• Abundant clean water is the foundation of the regions

   Environment             Quality of Life              Economy

• Algal blooms/Red tide

• More frequent/More intense

• Rising temperatures/Lake Okeechobee discharges

• Algae feed nutrients

• Overpopulate -> DO reduced in water

• Toxins -> fish poisoned -> respiratory issues

No solution

• Use PCA



PCA you say?
• PCA – Statistical method used to identify patterns in data with many 

dimensions

• Calculate covariance matrix 
• Establish eigenvectors/principal components

• New axis to highlight variance between each dimension

• PC1 = most variation PC2 = 2nd most variation PC3 = …

• Obtain eigenvalues for each eigenvector
• Eigenvector with largest eigenvalue = PC

• Remaining values – which ones to retain?

• Develop feature/transpose/multiply by original values
• Expresses original data in terms of new vectors

• Tells how far data point deviates



Data/
Methods:
• Lee county’s environmental lab

• 12 water quality variables over 10 years (01/01/2009 – 12/31/2018)

• Monthly averages

• Dissolved 
Oxygen/Ammonia/Nitrite/Nitrate/pH/Salinity/Silica/Phosphorous/Temperature/
Nitrogen/Total Organic Carbon/Total Suspended Solids

• Standardize

• Normally distributed (Mean – 0/Unit Variance)

• Different measurement units/Variable naturally have different ranges

• Correlation matrix/PCA

• R  -> princomp function



Results: Reducing Dimensionality
• Summary/What components to retain?

• St.dev – measurement of spread (PC1)

• Proportion of variance (PC1)

• Scree Plot – shows change in variance 
• PC5 – Changes less drastic

• Eigenvalues – Keep those above 1
• PC4 - Nope



Results: 
Loadings
• PC1 

• Greatest positive value – Salinity

• Greatest negative value – Nitrate/Silica/Phosphorous/TOC
• Positively correlated

• PC2

• Greatest positive value – Dissolved Oxygen 

• Greatest negative value – Temperature

• PC3

• Greatest positive value – pH/Temperature

• Greatest negative value – Ammonia/Nitrate



Results
:



Discussion: PC1
• Salinity vs. Nitrate/Silica/Phosphorous/Total 

Organic Carbon

• Geography of the station

• Located in seawater -> Caloosahatchee River 
Drainage
• High nutrient loads deposited from Lake O -> 

Caloosahatchee

• More freshwater deposits -> salinity decreases

• When effects combined

• Impacts on native species

• Promote growth of invasive 
predators/Overpopulating species (algae)

• Lake O. Discharges/PC1 scores time-series

• Same patterns/inverse

• High negative loading values associated with N, Si, 
P, &TOC

• PC1 – agricultural runoff explains most of the 
variation 
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Discussion: PC2
• Dissolve Oxygen vs. Temperature

• DO decreases as temperature rises
• Oxygen less soluble at higher temperatures

• Fish & other aquatic organisms cannot survive

• Lee county temperature/PC2 scores time-series

• Temperature highest -> PC2 scores lowest

• DO showed most variance in loadings with high 
negative values
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Discussion: 
PC3
• pH and Temperature vs Ammonia and Nitrates

• pH/Ammonia showed greatest difference in variance

• Ammonia (basic pH)

• Processes that create ammonia in water produce enough hydrogen ions to overcome/lower 
pH

• pH and ammonia have a stronger interaction than all other variables in this component

• More ammonia -> more acidic



Conclusion:
• Principal component analysis provided very useful information to help understand the 

patterns occurring in the dataset

• Few calculations

• Reduced multiple dimensions of the dataset to only 3 components

• Identified most influential variable affecting water quality

• Found patterns that agree with other datasets

• The 3 PCs retained highlight interaction taking place between multiple variables

• Salinity, Temperatue, pH, and several chemical components influence water quality


