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Example:  Analysis of Equilibrium Solutions for a Nonlinear 
System

Hardwood and Softwood Trees
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Step 6:  Solve and Interpret the Model

Equilibrium Solutions

There is only one equilibrium solution for which both populations are nonzero.



(1.2.1)(1.2.1)

(1.2.2)(1.2.2)

(1.1.6)(1.1.6)

(1.1.4)(1.1.4)

(1.1.5)(1.1.5)

(1.2.3)(1.2.3)

0.150000

Stability Analysis Using Linearization

Determine the entries into the Jacobian matrix (necessary for stability analysis).

Evaluate the Jacobian of the functions f1 and f2 at the nonzero equilibrium solution and determine 
its eigenvalues.  



(1.2.5)(1.2.5)

(1.2.4)(1.2.4)

(1.2.7)(1.2.7)

(1.2.6)(1.2.6)



(1.2.8)(1.2.8)

(1.2.4)(1.2.4)

(1.2.7)(1.2.7)

(1.2.11)(1.2.11)

(1.2.9)(1.2.9)

(1.2.10)(1.2.10)

1

false

true



(2.1)(2.1)

(1.2.16)(1.2.16)

(1.2.7)(1.2.7)

(1.2.13)(1.2.13)

(1.2.15)(1.2.15)

(1.2.18)(1.2.18)

(1.2.4)(1.2.4)

(2.2)(2.2)

(1.2.12)(1.2.12)

(1.2.14)(1.2.14)

(1.2.17)(1.2.17)

true

true

false

true

true

true

Step 7:  Validate the Model



(2.1.1)(2.1.1)

(2.2.3)(2.2.3)

(1.2.4)(1.2.4)

(2.1.2)(2.1.2)

(2.2.2)(2.2.2)

(2.3)(2.3)

(1.2.7)(1.2.7)

(2.2.1)(2.2.1)

Equilibrium Solutions

Since we already require 0 < t < 1, the equilibrium solution is positive.

Stability Analysis Using Linearization

Determine the entries into the Jacobian matrix (necessary for stability analysis).

Evaluate the Jacobian of the functions f1 and f2 at the nonzero equilibrium solution and determine 
its eigenvalues.  



(2.2.4)(2.2.4)

(2.2.5)(2.2.5)

(2.2.8)(2.2.8)

(2.2.10)(2.2.10)

(1.2.4)(1.2.4)

(2.3)(2.3)

(1.2.7)(1.2.7)

(2.2.11)(2.2.11)

(2.2.6)(2.2.6)

(2.2.9)(2.2.9)

(2.2.7)(2.2.7)

(2.2.12)(2.2.12)

true

true
We can also plot the eigenvalues over the valid region for the parameter t to see that both 
eigenvalues are negative.



(2.2.4)(2.2.4)

(2.3)(2.3)

(1.2.7)(1.2.7)

(1.2.4)(1.2.4)



(2.2.4)(2.2.4)

(2.3)(2.3)

(1.2.7)(1.2.7)

(1.2.4)(1.2.4)


