In the folder of the exercises to this module you find the model discussed in the lecture. While you may play around with the parameterisations of the model, I would suggest, that you test the methods to be implemented in these exercise on the default parameters, that are given here as a reference:

excr=[.01;.01]; % excretion rate determining P to N flux
lysr=[.05;.05]; % lysis rate determining P to D flux
reminr=[.01;.1]; % remineralisation rate determining D to N flux
kn=[.3;.3]; %half-saturation constant for nutrient limitation of primary production
alph=[1.;.001]; % photosynthetic rate
integration=@Euler; % integration method to use
muMax=0.; % maximum value for turbulence curve
N0=[5.;5.]; % N initial condition
P0=[.1;.1]; % P initial condition
D0=[.1;.1]; % D initial condition
1) For the first part of the exercise, open the script runNPD.m. This script runs the model integrating only the biogeochemical dynamics. The two vertical boxes remain unconnected.

a. Implement the explicit Euler integration method for the given system. The function-file Euler.m gives you a template for the implementation with the appropriate interface to the model.

b. Determine the steady-state solution of the model and note it on a sheet of paper.

c. Implement the explicit 2nd order Runge-Kutta method using RK2.m

d. Implement the explicit 4th order Runge-Kutta method using RK4.m

e. Run the model (using the default parameters) with a time step of .2 for 50 iterations using the three methods. Compare the three schemes against the high-resolution solution in terms of precision and stability. Compute an error estimate for the three schemes for the upper box.

f. Confirm that the model converges towards the high-resolution solution for all schemes.

2) In the script run2NPD.m you find the commands to run the model in coupled mode. In the initial state, the model is integrated with a full non-split integration of the coupled system.
a. Insert the steady state solution found in 1.b) as initial condition in the run script and run the model.

b. Implement the Operator-Splitting technique integrating first over the biogeochemical dynamics.

c. Implement the Source-Splitting technique approximating the biogeochemical dynamics with a piecewise constant rate.

d. Confirm that the model and the methods you implemented are mass conserving.

Templates with the appropriate interface for the model can be found in the function-files OS.m and SS.m

e. Compare the two splitting schemes with respect to a non-split solution in terms of splitting error and stability. 

f. Compute error estimates for all three modes with respect to a high-resolution solution.

