SDM (UF2011) - Tutorial 2

2.1. Deriving equilibrium population size from the logistic model
Logistic growth model with perfect information (see Runge et al. 2004 for more details):
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where Nt is the population size at time t, rmax is the maximum growth rate, K is the carrying capacity, and ht is the harvest rate at time t. The harvest rate at time t is simply the ratio of the annual harvest at time t divided by the population size at time t:
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At equilibrium: 
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Therefore:
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(this is the equation entered in column “K” in the Excel file: “Solver.xls”)
2.2. Deriving the equilibrium annual harvest from the logistic model

Now that we have the equilibrium population size (Neq), it is straightforward to obtain the annual harvest at equilibrium (Heq), just multiply the harvest rate by the equilibrium population size:
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 (this is the equation entered in column “J” in the Excel file: “Solver.xls”)
2.3. Obtaining the sustainable harvest rate analytically

We can find the optimal sustainable harvest rate by differentiating the equation above with respect to h, setting the result to 0, and solving for h.
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Note: If you enjoy derivatives you can do it by hand, otherwise you can use a software to do it for you… MAPLE, DERIVE, MATLAB or R can compute derivatives.
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Not all optimization problems can be solved analytically, numerical searching method can then be used (see numerical example in Excel entitled “Solver.xls”).
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