Environmental Modelling Week 2
A simple, single-population, bioeconomic fishery model
Variable and Parameter Definitions
Variables
· E = fishing effort. (Effort is being measured by the number of standard vessels in operation. We normalise units so that one unit of effort is equal to one vessel being used for harvesting.)

· H = harvest yield (tonnes)

· S = fish stock biomass (tonnes)

· J = vessel profitability (£ per vessel)

· P = gross price of fish (£ per tonne)

· p = net price of fish (£ per tonne) [p=P-c, where c is marginal cost per unit of fish caught]

Parameters
· e = efficiency parameter (maximum potential tonnes harvested per vessel per unit of stock)

· w = cost per unit of effort (£ per vessel or per unit effort)

· d = response parameter (vessels per unit of normalised profit)

· g = intrinsic growth rate of the stock (proportionate measure)

· SMAX = environmental carrying capacity (tonnes)

Model Equations
	Biological growth
	Simple logistic growth:



	Harvest (production) function
	H=eES 

	Costs
	C = wE

	Price of landed fish
	Exogenous price

Market price = P

	Steady state
	H = G 


The Effort Rule
	Open access fishery
	Closed access (private property) fishery

	Open access entry rule: 

dE/dt = d*Profit per boat 

d is a positive parameter
	Static (single period) model 
Select E to maximise Profit = R – C 
(derivation of solution given on page 573 of Perman et al, 3 rd edition) 

Intertemporal model
Select a time path of E at each instant of time to maximise the Net Present Value (NPV) of the fish stocks over which you have property rights. 


The simple maths
C  = wE
H = eES   (   E = H/eS   
and so
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In steady state equilibrium

H = G 
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Hence, from (1) 
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giving the total cost as a function of stock.


Now we obtain an expression for revenue.
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hence total revenue is
R(S) =
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is total revenue as a function of stock. 
As Revenue (R) = Costs (C) in open access equilibrium, we have

C  =  R
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H = G = eES 
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Substitute for S then rearrange
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(5)

Substituting S* and E* into H = eES then yields 
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	An Exercise 

Calculate E*, H* and S* for the following two sets of parameter values (once for the set in the middle column, then again for the set in the right-hand side column):
Parameter 
Numerical value (Set 1)
Numerical Value (Set 2)
g
0.15
0.20
SMAX
1
1
e
0.015
0.020
P
200
300
w
0.6
0.6
I suggest you do these either using Excel or Maple or a calculator.
Please post your answers to the Numerical Exercise Forum 3.2: Open Access Fishery


A static (single representative period) model of a "private property" fishery
Next, we switch from an open access property rights regime to a private property rights regime. We assume that:

1. the fishery owners can exclude those without property rights 

2. fishery owners can cooperate with one another to arrange collectively-optimal (profit-maximising) harvesting behaviour 

3. the fishery we shall be investigating behaves as it were part of a competitive market (and so, among other things), the price of fish, P, is an exogenously given constant.

The equations of our private property (PP) fishery model are identical to those for Open Access (OA), except for one that differs between the two regimes:

The Effort Rule
	Open access fishery
	Closed access (private property) fishery

	More effort will be expended (that is, more boats will be deployed) if profit per boat is positive – in contrast, boats/effort will be withdrawn/reduced whenever  profit per boat is negative

We formalise this condition by means of the following open access entry rule: 

dE/dt = d*Profit per boat 

d is a positive parameter, governing the magnitude of the effort change in response to fishing boat average profitability
	Static (single period) model 
Select E to maximise Profit = R – C (maths derivation of solution given on page 573 of Perman et al, 3 rd edition) 

Intertemporal model
See later 


 

Whereas an open access fishery can only be in a steady-state economic equilibrium when profit per boat (and so profitability of the whole fleet) is zero, this need not be true in a private property fishery. 

The difference comes about because we assume in the PP case that boat owners select an effort level  that maximises fishery profit, and so entails revenue (R) exceeding costs (C) by the largest amount. Now if the equilibrium is one in which a typical fishery firm makes profit, the assumption of excludable private property rules out new entry. Thus, rents become earnable in the PP fishery.

The PP Effort Rule
 

	The maths of the private property model are discussed at length on pages 572-573, Section 17.6.1, of PAL Chapter 17. Please ensure that you read that section carefully. It is also covered in Appendix 17.2. Please also read Section 17.6.2 on comparative statics in the textbook, in which the OA and PP models are compared further in terms of their steady-state equilibrium results.


 

	An Exercise 

Using Table 17.4 in the Perman et al text, for a private property fishery, calculate E*, H* and S* for the following two sets of parameter values (once for the set in the middle column, then again for the set in the right-hand side column):
Parameter 
Numerical value (Set 1)
Numerical Value (Set 2)
g
SMAX
e
P
w
Compare your results with those you found earlier for the Open Access fishery.
Please add your answers to those you found earlier on the Numerical Exercise Forum 3.2: Open Access Fishery


Using Excel to Simulate the Open Access and Private Property Fishery Models
At this point in the lesson, it is necessary to have the Excel fishery simulation file open and visible in another window, so that it is easy to switch to and from this lesson page and the Excel simulation.

We shall discuss this in “workshop format” in the class.
Dynamics of the open access and private property fishery models
At this point in the lesson, it is necessary to have the Excel fishery simulation file open and visible in another window, so that it is easy to switch to and from this lesson page and the Excel simulation.

Open Access Dynamics
We begin with the open access model. They key point to note is that the dynamics of the adjustment process under the baseline parameter assumptions exhibit an oscillatory yet stable adjustment process.
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Note that effort displays a similar oscillatory pattern to that of the resource stock, but that effort lags behind stock.

Features of the diagram above:

· The two straight lines representing biological equilibrium and economic equilibrium. Their intersection yields the bio-economic equilibrium 9in fact one of several: see later on this).

· The red arrows indicating directions of adjustment of S and E from any arbitrary point.

· The blue line showing one adjustment path from a particular starting pair of values for S and E. Notice how this path converges cyclically on the bioeconomic equilibrium - that is, this is a stable dynamic process.
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