Non-linear models with several system variables

Global CO2 cycle: no adequate modelling. Non-linear models considerably enlarge the possibility of modelling, even if they are mathematically much more complicated. The model can rarely be treated analytically. It is mostly resolved numerically with the computer. The disadvantage of computer simulations is, however, that certain characteristics of the model can hardly be analysed (or only by means of a multitude of simulations). This includes the question how the system behaves near a stationary condition, i. e. whether it moves towards it, away from it or circles around it. The stationary conditions (fixed-points) are solutions of an n-dimensional ordinary equation system.
dy/dt=f(y) = 0     => y*
In many (but not in all) cases, a model's behaviour near a stationary condition can be analysed by means of the behaviour of the linearized model around the stationary solution y*. The system can be approximated with the aid of a Taylor row and abandoned after the first term.

f(y)=f(y*)+(y-y*) df/dy(y*)+ …
Jacobi matrix at the fixed-point

stability near the stationary condition

Perhaps the stability analysis is only valid for a very small area.

Non-linear analysis with Lyapunovfunction:

d/dt y = f(y) = -d/dy V(y)

V being a potential,
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Multi-dimensional case:

Calculate Eigenvalues of the linear system!

Classification of Bifurcations: ppt
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