Homoclinic
Bifurcation
in a Climate
Application

Julie Leifeld

Homoclinic Bifurcation in a Climate
Application

Julie Leifeld

University of Minnesota

February 1, 2016



Homoclinic
Bifurcation
in a Climate
Application

Julie Leifeld

Welander’s Model

Ta Sa
T =Temperature, S =Salinity, p =Density
kr ks

The Model:

T = 1-T—k(p)T TS

§ = BO-8)—k(p)S

p = —aT+ S k(p)

k(p) = Ltan™! (p—s) +1
a
Parameters: 4 1 TS0
S R 0=90=
a=50=3
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z=T,y= p—¢€
The new system:

= l—z—k(y=
B —Pe—ek(y) —a—(B+k(y)y — (af — )z
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1 -1 (Y 1 1 y>0
b= tan (J*ﬁ{o y<0
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Julie Leifeld An interesting bifurcation happens as ¢ = T
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The boundary collision can be thought of as a stability transition
as a pseudoequlhbrlum leaves the splitting manifold.
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e fetteld The periodic orbit is destroyed through a homoclinic bifurcation.
It is easy to show that the periodic orbit limits to a homoclinic

orbit through the point (%, 0).
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Infinitely many homoclinic orbits go through the bifurcating
equilibrium. There is no equilibrium point inside any of the orbits.
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Remarks and Questions

In Welander’s Model, the periodic orbit is destroyed through
a nonsmooth homoclinic bifurcation.

This bifurcation is a limit of two phenomena in the smooth
system, a subcritical Hopf bifurcation, and a periodic orbit
saddle node.

Near the bifurcation point, the nonsmooth system is not
qualitatively similar to the perturbed smooth system, even
though the transition function is monotonic.

Is the homoclinic bifurcation always the limit of a subcritical
Hopf bifurcation and a periodic orbit saddle node bifurcation?
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