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Computational Modeling of Phytoplankton Dynamics 
with Climatic and Ecological Ramifications

Researchable Question:
How can the causes and effects of changing phytoplankton 

dynamics be computationally modeled?

Key Findings:
1. Accuracy of time series models for environmental parameters tested 

(e.g., oxygen, pH, etc.) varies greatly.
2. There exist significant directional relationships between parameters and 

phytoplankton primary production and biomass, though they are not 
effective predictors of these metrics.

3. At a global scale, pH, followed by salintiy and pressure, are the most 
influential parameters for these aspects of phytoplankton populations.
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Note. This diagram sorts parameters by their directional 
relationship with total oceanic chlorophyll. These relationships 
suggest notable climatic and ecological ramifications.
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Note. A color gradient is used to show the progression of 
parameters by decreasing R2 values. With a lower p-value, 
temperature is placed above alkalinity in the table, given their 
tied R2 values. α = 0.05 for all significance levels.

Note. Note. The time series for salinity (s) for year (y) is 
described by the sinusoidal regression function of f(s) = 
3.724*sin(6.220y + 80.552) + 30.112; R2 = 0.847. Sinusoidal 
Interval: (26.388, 33.836)

Note. Note. The time series for pressure (⍴) for year y is 
described by the sinusoidal regression function of f(⍴) = 
109.099*sin(6.951y + 43.661) + 489.463; R2 = 0.077 
Sinusoidal Interval: (380.364, 598.562) 

Note.. The individual dots of varying color represent various instances of chlorophyll 
measurements relative to the first two principal components following dimension reduction. 
The red lines sprouting from the origin represent the vectors of each parameter’s contribution 
to the variance of the first two principal components. Parametric abbreviations are designated 
as follows: pH (pH), salinity (sal), temperature (temp), nitrate (NO3), pressure (Press), silicate 
(Silicate), phosphate (PO4), alkalinity (alk), and dissolved oxygen (DO).

Note. All values are rounded to four decimal places. Green cells represent 
diagonal cells. These quantities represent the variance observable within 
the specified parameter. For example, the cell 0.0801 represents the 
variance seen within water pressure. By contrast, the cell below, -0.0389, 
represents the covariance between pH and water pressure.


