		Homework 4 - FISH 559 
FISH 559: Numerical Computing for the Natural Resources
Homework 4 : Rebuilding Analysis for Overfished Species

You are required to conduct a rebuilding analysis for an overfished marine species. The data are available (catches and estimates of abundance) are listed in HWK4.CSV. There are two candidate models (delay-difference and Schaefer model). The models are defined as follows:
Delay-difference model:




where 	 	is the biomass at the start of year t (),


	is the catch during year t (),

	is a parameter to determine the exploitation rate in year y,

	is the Brody growth coefficient (0.995),
w	is the weight gain parameter (0.5),
M	is the rate of natural mortality (0.2yr-1), and

	is the recruitment (in biomass) during year t:


Schaefer model:


where	r	is the intrinsic rate of growth, and
K	is carrying capacity.

The likelihood for the abundance estimates should be assumed to be normal.
Your tasks for this assignment:
A) Find the relationship between K and R0 for the Deriso model.
B) 
Fit the two models using TMB (develop two separate programs). List the maximum posterior density estimates for the parameters of the model. Use the priors in C). The values for  should be estimated (bounded by -20 and -0.01; initial values around -2). Add a likelihood component for the fit to the observed catches that is normal with a standard deviation of 0.2 (so the catches are fit very well).
C) 


Construct posterior distributions for the parameters of each model using the priors:  [limited to be between -10 and 0], , and  using an MCMC algorithm. Show the diagnostic statistics you used to select the burn-in and thinning ratio.
D) Find the level of constant catch which allows recovery to 50% of K by 2012 (ten years after the present; 2002 because the last catch is for 2001) with 60% probability for each model. Report this value.
E) 
Show the results in the form of posterior distributions for the model parameters, for the time-trajectory of relative biomass () from 1972-2012, the relative biomass at the start of 2002 and at the start of 2012.

Hints:
To compute the biomass for year t, a Deriso model requires knowledge of the biomass in year t and year t-1. 


However, one does not have this for the first two years (nominally called 1970 and 1971). What I want you to is:



[a] Substitute  into the Deriso model and solve for  in terms of . This gives the biomass in “1970”


[b] Given the results of “a”, find an equation for the 2nd biomass (t=1, which depends on the catch in the first year; noting that the catch in year  is zero and biomass for t=0 is )
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