Review of Lovecchio & Lenton

The simple model presented by the authors confirms that the remineralization length has a strong
impact on ocean productivity and oxygenation. Due to the simplicity of their model, the authors are
able to fully explore the parameter space. The main conclusions of the manuscript are, hence, valid
within the limits given by the model architecture. The revised manuscript is in much better shape
than the original version. Nevertheless, there are a few remaining issues that should be addressed in
a further revision of the manuscript:

The local concentrations of organic particles suspended in the water column (SP,, and LP,) are
employed to calculate rates of coagulation, export, organic matter degradation and organic matter
deposition at the seafloor. However, SP,; and LP,,do not appear as state variables in Tab. 1. On
page 5, lines 1 -8, the authors explain that SP,, and LP,, are redistributed in the water column by
gravitational sinking and calculated implicitly but they do not fully explain how SP,, and LP,are
constrained. The authors should better explain how these important variables are derived and
specify the equations that they employ to calculate SP,,; and LP, in their model.

The authors assume that organic matter is converted into methane when oxygen is depleted. They
deliberately neglect denitrification and the reduction of iron and sulfate in their model. This is a
major limitation because the system behavior (e.g. changes in ocean productivity, dissolved and
atmospheric oxygen) may change drastically when these processes are considered (Wallmann, Flogel
et al. 2019). The authors should add a section/sentence to chapter 5.1 (Model limitations) to explain
that the model outcomes would change drastically when other redox pathways and nutrients
(nitrogen, iron) would be considered in the modeling.

The authors assume that anaerobic degradation is faster than aerobic degradation (page 6, line 30,
fean >1). This assumption is valid for organic P (P,) but studies on the degradation kinetics of
particulate organic carbon (POC) show that POC degradation either declines under anoxic conditions
or proceeds at a rate similar to that observed in the presence of oxygen (Hedges, Hu et al. 1999,
Burdige 2007, Dale, Sommer et al. 2015). The authors should explain and clearly specify that fe,, >1 is
valid only for P, degradation but not for POC degradation. Since the product of anaerobic POC
degradation (methane) is assumed to contribute to the consumption of oxygen in the atmosphere
(Eq. 17), the authors should separate P, and POC degradation in their model and employ fe,, <1 to
simulate POC degradation.
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