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Classical Goodwin model ﬁ
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where Y (f)-income at time f,

& —saving rate, £ € (0.1)

& — the investment outlay
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Firstquestion is: How did Lorenz and Nusse take this
form of Goodwin model?

Second question is: How are new parameters a, band ¢
identified in terms of the parameters in classical model?
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From Goodwin to van der Pol ﬁ
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where - automonous consumption,
A — automonous investment.
C(t) —consumption at time 7,
¢(t) —accelerata function at time,
R— the sum of the remainder terms for the respective Taylor expansions.

Assumption1. C(f) =aY + ;/Y‘”, where a € (0.1). 7 € (-1.0)
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Numerically: C —one stable cycle and one unstable cycle,
D — one stable cycleand twounstable cycle.

Deterministic attractors
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M . —saddle

Bifurcationdiagram for =2, £=0.2, form

A— stable node,

B

C ;—stable focus,

D

E —unstable focus.
F —unstable node.




Deterministic attractors ﬁ

Phase portrait for 6 =2, £€=0.2, =09, y=-0.0




Stochastic sensitivity function ﬁ
x= f(x)+&o(x)w, -Itoequation
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Stochastic sensitivity function
| Bashkirtseva, L. Rvashko  [°]

1. equilibrium

X -an exponentially stable equilibrium

W - stochastic sensitivity matrix

FW +WF' =-8,
%
where F = f %), S=GG!, G=0(%).
Ox
B M 1y, W, —normalized eigenvectors of I

- = \ / Iy, 1, —eigenvalues of W
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Stochastic sensitivity function
2. Limit cycle

x & (z‘) an exponentlally stable limit cycle corresponding T-perlodlc

W = FOW +WFT (t)+ P()S(1) P(b). saltion
W) =w(T),
WD) =0,

Where F(l‘)—z(f(t)) S@) = o (E®)o” (@),

P(t) — a matrix of the orthogonal projection onto the hyperplane I1;.
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for 2d systems W(t) = m(t)P(t), where P(t)= p(¢) pT (1)

p(t)—a normalized vector orthogonal to f{&(?)).
m(t)>0—aT-periodic scala function satisfying

{m = a(d)m +b(1), m(t) - stochastic
m(0) =m(T), sensitivity function
where a(?) = p’ O)(FL () +F @) p@). (SSF).

b(®)= p" ()S@p(@).




Stochastic Goodwin model
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w —standart Wiener procces, ¢ —intensity of noise.

Stochastic sensitivity matrix for Stochastic factor for limit cycle
equilibrium
M = max m(?)
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Stochastic Goodwin model

Confidence ellipse for .. "
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Noise-induced transitions in Goodwin model 4&
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Noise-induced transition for Goodwin model ﬁ
Critical values of intensity =2, =09, £=0.2 '
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Conclusion P

We have demonstrated how the confidence domain ﬁg
method Is used to understand the qualitative changes in
stochastic dynamics and predict a critical value of the
noise intensity at which noise-induced transitions are
most likely to occur.
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