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Background



Henson et al., (2022)



Motivation 



There are large uncertainties in export flux 
estimation in current CMIP6 models;


Current marine ecosystem representation is too 
simplified in the most CMIP6 models (typically 2-3 
types of phytoplankton, 1-2 types of zooplankton)


The “inclusion of dynamic plankton and sinking 
particle sizes is likely to have the most notable 
effect on modeled future export flux” (Henson et 
al., 2022).

Motivation

An Intermediate complexity 
marine ecosystem model is 
needed to better capture the 
future changes in export carbon 
flux.



The old CESM2 model (4P1Z)



The 8P4Z model



Grazing relationship

The food web grazing relationships 
in i t ia l l y fo l low the opt imum 
predator-prey size ratio (Stock et al. 
2014)



Maximum specific grazing rates (gmax) will be 
decreased with predator size (Hansen et al., 1997); 


increasing K values with predator size to represent 
the less chance for larger zooplankton to encounter 
their preferred prey;


Density-dependent grazing to stabilize model 
dynamics by creating a refuge for the less abundant 
prey species  

Grazing term



Model validation



Ecosystem composition 



Ecosystem composition 





Zooplankton distribution 



Build one next-generation marine ecosystem model with intermediate complexity that can be used to do 
coupled climate simulations.


Provide a big picture of how plankton size affects the biological pump, enabling better predictions of 
future marine carbon export.


Provide the opportunity to incorporate more key missing ecosystem processes (e.g., zooplankton vertical 
migration) that regulate the efficiency of the biological pump.


Allow for ecosystem extension for Earth System Model to include higher trophic levels (including fisheries, 
penguins, etc.).

Implication



Thank you !


