Decision theory/decision table with Monte Carlo simulation.

Purpose. Project a population model and build a decision table. States of nature are levels of , i.e. how productive the population is. Management options or controls are harvest levels (harvest rates or quotas). The outcomes to be explored are the average annual harvest, the variance in harvest and the probability of collapse. A deterministic model will be constructed first and a stochastic model will be built later for the analysis of persistence.

Themes. 
Basics of decision analysis



Average harvest, variability in harvest, and population persistence



Fixed quotas vs. fixed harvest rates



Effect of model structure on conclusions

The model

Variables and parameters 

Nt 
Population size in time t
Ct   
Number harvested in time t

a, b 
Parameters of Beverton-Holt model

 
Finite rate of population growth
K 
Population carrying capacity

h 
Annual harvest rate
Q 
Annual quota
Beverton-Holt model
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(1)

Reparameterization in terms of annual growth () and carrying capacity (K)
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(2)

Extra credit: 

Show that (2) is a reparameterization of (1).

Adding harvest
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Adding stochasticity
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Outputs

Average harvest

=    
[image: image6.wmf]AVG

C

C

(

:

)

191

200


Variability in the harvest
= 
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 EMBED Equation.2  [image: image8.wmf]SD

C

C

AVG

C

C

(

:

)

(

:

)

191

200

191

200


Average population size
=   
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Prob. below 1/10 K

=   
[image: image10.wmf]#

{

.

)

#

N

K

years

t

<

0

1



[image: image11.wmf]W

avg

O

P

p

p

i

n

i

i

_

,

=

=

å

l

l

1


where, 
[image: image12.wmf]W

avg

p

_

is the weighted average of the desired output (
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Laboratory. 

Part I. Build a spreadsheet to project the model in the future and evaluate the equilibrium harvest (in year 200) when the population is harvested a) by setting a constant quota (between 0 and 880 individuals per year) or b) a constant harvest rate (between 0 and 27.5% per year). Build a decision analysis table by assuming that K = 10,000. The different “states of Nature” are represented by different values of which can take any value between 1.05 and 1.35 (between 5 and 35% maximum annual growth) with the same probability.

a) Use the file  “Temp_Lab1.xls”  to do the projections.

b) Complete the columns of NUMBERS and HARVEST by using the above given equations.

c) Do a two dimensional table on the equilibrium harvest for each harvest policy.

Part II. Add stochasticity to the model by assuming that  = 0.15. Build a decision analysis table for average harvest, variability in harvest and probability of the population dropping below 1,000 individuals.

a) Generate a column of 200 random number (~ N (0, 
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2

) by using the excel command  

      from Tools/Data Analysis/ Random Number Generation/. Use the seed “111”, so that

      you get results comparable to the answer sheet.

b)   Multiply the abundance vector by 
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c)   Generate three tables for each harvest policy.

Homework. Modify the spreadsheet built in II to represent the dynamics of the population with a Ricker model:
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Repeat the analysis in II and compare the results in terms of average harvest, variability in harvest and population persistence. Use same productivity and same carrying capacity.
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