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Abstract.
The ocean carbon cycle and global climate are intricately connected as organic matter sinking stores carbon in the deep ocean. Without this storage, atmospheric carbon dioxide would be 20-30% higher than it is today. The carbon cycle is affected by marine plankton abundance through the biological pump. Hence, understanding controls on marine plankton abundance is fundamental to understanding the marine carbon cycle. Phytoplankton are grouped into size classes (PSCs) or functional types (PFT) according to their size and differing biogeochemical roles. PSCs and PFTs are closely related to plankton photosynthetic efficiency, sinking rate, and the structure of the marine food chain. Export of particulate organic carbon (POC) from the surface to the deep ocean, which drives the biological carbon pump, is partially controlled by how different PSCs/ PFTs generate sinking materials. Diatom-dominated plankton communities have high POC export due to the fast-sinking rate of associated particles. In picoplankton dominated oligotrophic regions POC export occurs through indirect grazing and is low.  
Earth System Models (ESMs) are used to predict PSCs from environmental drivers by modeling biogeochemical and physical processes. ESMs’ representations of processes are limited by simplifying assumptions and exhibit significant biases. It is difficult to know if the relationships established by the ESMs are representative of the natural world. This study attempts to extract relationships between the PSCs abundance and different input parameters using explainable ML (XAI) like permutation importance, median sensitivity, accumulated local effects etc. The target variables are the PSCs obtained from satellite products and predictors are nutrients, light, mixed layer depth, salinity, temperature and upwelling. Subsequently, the information obtained is used in scientific machine learning techniques to undertake ‘system parameter estimation’ of the underlying equations used in ESMs. This will help improve predictions of PSCs and increase understanding of the marine carbon cycle’s response to climate change.
