Worksheet 2: N&P model, Control of Primary Production in the Oceans
1. try some different types of initial conditions ((a) low nitrate (N), all else the same; (b) high N; (c) low P; (d) high P). Does the model always converge to a steady state?

2. is it always the same steady state?

3. From the steady-state, try increasing RP (river delivery of phosphate) by 25%. What effect does this have on total net primary production (TPP)? 
4. Reset the model parameters to their default values, run to steady-state again, then try increasing RN (river delivery of nitrate) by 25%. What effect does this have on TPP?

5. Why do you think increasing RP has a long-term effect on TPP, but increasing RN has none? Any ideas?
6. Save the results from the increased RP run to a file, then import into Excel or some other data-manipulation package. For each timestep, calculate the degree to which growth rate of non-fixing phytoplankton is limited by (a) nitrate concentration, and (b) phosphate concentration.

degree of limitation = { [nutrient] / (kH + [nutrient]) }, where [ ] denotes a concentration of a substance in solution and kH is a Michaelis-Menten half-saturation constant for growth with respect to a nutrient concentration. In the model the kH values are set to 0.03e-3 Mol PO4 m-3 and 0.5e-3 Mol NO3 m-3.
7. For each timestep, calculate the difference between the two limitations (or, if you prefer, the ratio between them), and thereby identify which nutrient is the most limiting to the non-fixers (the bulk of the phytoplankton community) at each moment in time.

8. Look at the results from the whole of the increased RN run, but in particular at the time just after the river nitrate flux is increased. Is there any change to the “proximate limiting nutrient” (the one that controls phytoplankton community growth over short timescales) over time?

9. Can you explain how/why it is possible to have distinct proximate and ultimate limiting nutrients?
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