Using Machine Learning to uncover Ecological Mechanisms controlling
abundance of Phytoplankton Size Classes from Large-scale observations
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Why use Machine Learning?
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Figure 1.1: Diagram showing the concept of intrinsic and apparent relationships. The
top plots are Michaelis-Menten curves with a showing the intrinsic relationship
between light and phytoplankton growth rate and b showing the intrinsic
relationship between an arbitrary nutrient and phytoplankton growth rate. The
distribution for light across the Northern latitudes is represented in e as the red
dashed line and the distribution for the nutrient is the blue dashed line. When
the distributions from e for light and the nutrient are used as input in the intrinsic
relationships, the interaction of light and the nutrient produce the apparent
relationship represented as the solid green line e. The apparent relationship
would not necessarily be intuitive if the light and nutrient concentrations were
plotted against the phytoplankton growth rate, as seen in ¢ and d.

Holder & Gnanadesikan, 2021



Methodology

SeaWiFS, Copernicus (Sentinel-3A), MODIS (Aqua)

Temperature, salinity, mixed layer depth, silicate, phosphate, nitrate - World Ocean Atlas (WOA) 2018
Shortwave radiation - International Satellite Cloud Climatology Project (ISCCP)

Upwelling - Estimating the Circulation and Climate of the Ocean (ECCO) reanalysis data

Dissolved iron, ammonia(nh4) - ensemble average of ESMs

RF Regressor trained to predict size classes

Permutation Importance analysis

Median Replacement Anomaly analysis
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Total Phytoplankton
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R2 Score between 0.87 to 0.92. Explains 87% - 92% of the variance
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B Normalized RMSE

R2 Score between 0.98 to 0.99. Explains 98% - 99% of the variance
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		month		lat		lon		dfe		mld		nh4		no3		po4		rsn		sal		sst		sil		w50		chla		logchla

		1		-76.5		-179.5		0.0000001946		62.589		0.0005597372		0.0182478828		0.0013947524		169.4384615385		34.2867012024		-0.1611099988		0.062233536		-0.000000572		2.2459181231		0.3513939196
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		4		-76.5		-179.5		0.0000004025		307.635		0.0002019746		0.0277288029		0.0020660483		0		34.3346099854		-1.8102099895		0.0722368027		0.0000009539		0.0311473727		-1.506578581

		5		-76.5		-179.5		0.0000004702		394.284		0.0000727954		0.0286579398		0.0022137887		0		34.3444900513		-1.8847099543		0.0742336318		0.000002003		0.0311473727		-1.506578581

		6		-76.5		-179.5		0.000000517		406.444		0.000043533		0.0278355092		0.0021244855		0		34.4054985046		-1.8882100582		0.0729594266		0.0000027199		0.0311473727		-1.506578581

		7		-76.5		-179.5		0.0000005522		427.798		0.0000347915		0.0210781342		0.0015991056		0		34.407787323		-1.8594100475		0.0646513216		0.0000023607		0.0311473727		-1.506578581
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Permutation Importance
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 nodJ3: nirate

* po4: phosphate
* rsn: sw radiation
CESM2 : Phytoplankton Chlorophyll

« sal: salinity

» sst: sea surface
temperature

sil; silicate

Permutation Importances
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«  wb50: upwelling at 50m
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Median Replacement Anomaly
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Median Replacement Anomaly
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Median Replacement Anomaly
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Analysis Results

 Random Forest effective in simulating biomass in observations and CESM2
* Generally shortwave radiation and SST found to be most important

* [ron important for total biomass, picoplankton in observations

* Model does not capture the effect of high iron in the Northern Hemisphere

 Nitrate important in model predictions for diatoms but not important for observations



Future Roadmap

« Compare with ESMs
 Use more XAl methods like SHAP and LIME

« Compare with PACE data

* Improve ESMs



* Prof. Anand Gnanadesikan

* NOAA Grant ll.na__nl_{ YOu

 Chris Holder
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