Harvesting Natural Resources

Introduction:
This project is about logistic Harvesting Natural Resources that means get the benefit of the resources for economical stuff without causing destructive effects. Our goal is to give the maximum level of the harvesting term for the population H(P) that can be taken as gentry for the population to be continues. The natural recourse is fish resource in the territorial water near Glacier Bay, Alaska (USA).

Objective:  
Determining the value of harvesting term H(P) which is suitable for the fish resource within the time passing. We do not know the how many fish are out there or which species will dominate in a given year that means we do not know the resource features.     
The Detail of the project:

The logistic equation:
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Where,
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(Is the carrying capacity (maximum sustainable population) 
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is the harvesting term
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Is the salmon population in thousands.

Problem (1):
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Is the logistic model equation without harvesting term  
[image: image8.wmf]()

HP

 that equal to zero.
1) Graph 
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Critical point P=k/2 by differentiation (describe on the board)
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Y= rK/4    as    P=K/2
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The time-population (P vs. t) diagram of model population equation:
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    With H (P) = 0 by help of DE program
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The population vs. time diagram or curve solution
As you can see, the population (P) increases with time if it is less than the carrying capacity (K) and decreases with time if it is greater than the carrying capacity (K).
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Phase line illustration

The critical points, at which the function change its sign value, are P= 0 and K

Critical point P=0 is unstable

Critical point P=K is stable                    Unstable means may is begin to occur in range  
Problem (2):

                                            (Interpreting the curve solution)
If the population (P):
P= 0

There will not be a salmon growth in the future. 

P= K

The population will stay constant within the time factor.

P< K

The population will increase until reaching K population.

P> K

The population will decrease until reaching K population
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New, consider the human intervention. That means H(P) is not equal to zero.
We assume that the rate growth r and the carrying capacity (K) are equal to

1 and 1000, respectively. 

Our objective is to determine a harvest rate for the fishing industry .thus instead of assuming a number to the harvest rate; we simply assume that the harvesting occurs at a constant rate of h thousand salmon per year. With H(P) = h, equation ( 1) becomes:
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     Where h > 0

The DE (2) is called the constant harvest model 
Problem (3): (By the DE program in the CD of the book)
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  where 0 < h <300 and r = 1

What happen to the critical points of DE? Relate this behavior to the population model. For each harvesting level h, what initial population levels ultimately lead to extinction ((انقراض, and how does this change with h?

Y (P) = - P^2/1000 + P – h = 0 equivalents to    P^2 - 1000P + 1000h = 0 for finding critical points

The roots of the equation:

P1 = 500 – 10(2500 – 10h) ^0.5                          P2 = 500 + 10(2500 – 10h)^0.5

The critical points:

1) P1,P2 ( when h<250) implies           0<P1<500<P2<1000
2) P = 500 when h = 250

3) No critical points when h > 250.

The graphs, phase line and solution curves for the three cases of [image: image19.png]fn(P)



 as follows:

Case (1):
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P2 is the carrying capacity with human intervention 

P1 is the extinction level that means if the population < P1, it will lead to extinction. From the formulas of the roots, as the h increases, P1 increases and P2 decreases.
      When h < 250, 

      P1 is unstable critical point  

P2 is stable critical point

Case (2):
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As shown in the figure above, when h = 250, P1 and P2 will meet at 500 and then disappear (one line will occur).  

Case (3):
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This figure indicate that after h > 250, the population will always lead to extinction.

Problem (4): 
      For what value of h is there only on critical point? What does the phase line look like for values oh h slightly smaller than and slightly larger than this value? Again, interpret this in terms of the model for the salmon population.

Solution:

     One critical point 500 when h=250

When the h is slightly smaller than 250, the phase line will be same as the case(1)

When the h is slightly larger than 250, the phase line will be same as the case (3)

When the h is less than 250, there is a range between P1 and P2 and if the initial salmon population is in that rang, it will return to P2

When the h is greater than 250, there is no range and any initial will lead to extinction.

Problem (5):

Repeat problem 3 without assigning numerical values to r and K. Use calculus techniques rather than the CD to sketch a graph of[image: image23.png]fn(P)



.
Solution:
Without put the value for r and K, the critical point value is equal to rK/4

Where,

 P1 = K/2 – 1/2r(r^2*K^2 – 4rKh)^0.5

P2 = K/2 + 1/2r(r^2*K^2 – 4rKh)^0.5

So the graphs with respect to the variable value of r and K are:

(a) h < rK/4

[image: image24.png]Guaphof £(F) Phase line Solution curves




(b) h = rK/4
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c) h > rK/4
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Problem (6):
Compute the critical points of the proportional harvesting model (3)

And use phase line analysis to classify their stability. Interpret your results in terms of the salmon population.

Solution:
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 (Proportional harvesting model)                    (3)       
As     0<
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<1 . And r = 1 and K = 1000
Two critical point:

                              P1= 0      and   P2 = 1000(1- 
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The graph of     g
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(P) = P(1 - P/1000) -
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P, the plain line and some solution curves are given below:
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As long as 
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 less than 1, there are always two critical points P1 and P2

P1 is unstable- P2 is the stable one

Since P1 = 0, there is no worry about extinction. As 
[image: image34.wmf]a

 increases from 0 to 1, the carrying capacity P2 is decreasing.
Problem (7): (a brief report a bout the two strategies) 
Both strategies have the advantage and disadvantage. The first strategy (with H(P) = h) is easy to use. When you have decided a number for

h, fishermen just simply use this constant rate to harvest salmon. But there are the risks. A big h may result in eventual extinction of salmon. On the other hand, a small h will affect the living quality of fishermen. How to select this h is a critical issue.

The second strategy (with H(P) = _P) is perfect, since you don't have to worry about the extinction problem. But this is only in theoretical sense. This rate depends on the salmon population at any time, everyday you have to know the salmon population and then tell the fishermen. This sounds not very easy. Finally, 
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 still needs to be carefully selected due to the same reason addressed in strategy one.
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