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 Predictable economic order as assumed in the
neoclassical/mainstream economics?

e Linear/linearized system not adequate
representation of complicated system

* How to deal with economic orders?



chumpeter (creative)

Time
>
o ) ) Adam Smith/Ricardo/Walras
Equilibrium (free competition and division of la

Marx (creativity and inequality)
=— Keynes (government intervention)

Malthu pulation and limited resources)



Iraditiona |

Samuelson’s Foundation

Arrow-Debreu’s general equilibrium theory

Solow’s growth theory

Constant returns/unique equilibrium/stability/
homogeneous population/quantities, prices/
structural simplicity

No “grand theory” but a collection of structurally
unrelated (refined) models
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e Prigogine (1977, Nobel Prize),
e Haken, Sanda Fe Institute, ....

e Lock-in, path-dependent, bifurcation, catastrophe,
chaos

* Nonlinear economists from the 1980s
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Traditional rationality:
structural changes is due to external forces

Chaos is not due to rational forces but random
Inputs

Modern rationality
Structural changes and chaos is a part of evolution






Structural change
external or internal
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Uppe€r bifurcation
with emergency
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e By 1991: Synergetic Economics

e applying different mathematical tools to various economic
models/theories by generalization through introducing
nonlinear terms

e Since 1992, build a general theory with complicated economic
and policy structures (which includes all main economic
models as special cases)

e Historical conditions: the traditional models are well
examined and tested; nonlinear sciences, computer, collected
data; collapses of socialism as well as capitalism
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Click to LOOK INSIDE!

DIFFERENTIAL
EQUATIONS,
BIFURCATIONS, AND
CHAOS IN ECONDMICS
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Discrete Dynamical
Systems, Bifurcations and
Chaos in Economics
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Traditional versus Nonlinear Economics

<> Neutrality or decreasing » Increasing returns
<> Stability » Instability
<> Unique equi“brium > IVIuItipIe equilibria/basins,

chaos, Historical dependence,

<~homogeneous population > heterogeneous

<-structurally stable » structurally unstable
< quantities, prices » Knowledge, environment
<> structural simplicity > structural complexity
<»structurally static » structurally evolutionary

< predictable » “structurally predictable”
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.onlinear S

Small change

/ In environment

Environment



= LPH(p’ K, H)

p: openness
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e Haavelmo (1954)
N = N(a—’BY—Nj, Y = AN “,

e Stutzer (1980)

N(t+1)= N(t)[(1+ a) — ﬂN(At\)la},

X(t +1) = 1+ a)x(t )1 — x'2(t)) = F(x(t);a,0.5),

N=[AQ+a)/p}" “x, a =1/2
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e forany F(X(t),a) in which a non-degenerate 3-period orbit
arises, there must also exist non-degenerate points of all
periods, as well as an uncountable set of periodic (not

asymptotically periodic) points whose trajectories wander
“randomly” throughout the domain of F
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The Map of Bifurcations for

a e [2,5.75]
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3sin a Small Urban Model

e x: output;

e y: urban population

e z: housing price

&=V (x,y,2) .

%= ¥,(x,y,2) -
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 Western: religions and linear sciences

e East Asia: I-Ching (1 £&)



Chinese Nonlinear Vision of Change
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A general dynamic economic theory

Classical growth theory My analytical
Mathematical framework:
Basic concepts - Capltal, knOWIGdge
Y 2 lation
Harrod-Domar model 3 ROEHIAONT: S
Neoclassical PE = structures,prices
Economic mechanisms o | trac_le, jrias
v @ |  reglonal, sexual,
Solow-Swan grOWth 2 classes(races)
o
model _Main schools -

A
Jj U(Qerdt New growth theory
Ramsey growth model without capital



fowth and Environmental Change

ie Uzawa’s Two-Sector Model

Growth mechanism: the Solow model
Environment: environmental economics
Household behavior: my approach
Producer: neoclassical

Government: effective

High dimensional dynamics: Computer simulation
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e three effects that are important in explaining the
level of environmental pollution: (i) increases in
output tends to require more inputs and produce
more emissions; (ii) changes in income or
preferences may lead to policy changes which will
affect production and thus emission; and (iii) as
income increases, the economic structure may be
changed which will causes changes in the
environment
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A special case of my modeling framework

Sav_'i_n g/wea_l__th_-ca_pital -acg:_u_ml_j_lation
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X change in
environment

labor, capital

Consumjption
expenditures

/

\ ~ Government
_environment sector

Wwages,
nterest

Goods and
services



neoclassical production function:

F. = AT (E)K" N/

J J

The marginal conditions

aj(l_ri)l:i(t) IBi(l_Ti)Fi()
R

_ & (1_Ts)p(t)|:s(t) _IBS (1_2-5) (t)Fs(t)
o= =T



.I holds behavior

Current income and disposable income:



U(t)=c®(t)s™(t)E*(t)

Maximizing utility s.t. the budget yields
c(t) = &9(t), st)=29(t).

The dynamics of wealth

i) = s(t) - k(t),






e ererrra
&) = 0, F,(t)+ 6,C(t) - Q.(t) - 6, EC).

where

Q.(t)= A T,(E)K& ()N (t),



nvironmen
&nt incon.'lle: x
Y. (t)=7, F (t)+ z, p(t)F,(t).
The budget:

(r(t) + 6, ) K. (t) + W, (t) = Y. (¢).

Maximizing Qe subject to the budget yields:

(r(t) + 6, )K.(t) = @Y, (t), W(t)N(t)= BY.(t),
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Solow model for growth mechanism
Uzawa model for economic structure

Environmental dynamics

Synthesize within a comprehensive framework

Issues related to environmental Kuznets curve



Lemma 1
The econonry 15 govemed by the followmg 2 -dimensional differential equatic

k=A(k.E). E=A[k.E).
Moreover, all the other vanables can be determined as finctions of k (¢) and
E(t) at any pomt of time by the followine procedure: k by (A11) —
E=kN—k andk by(Al})—= N . N md N, by(Af)—
E=kN,K=kN mdk =k N by(Af)—r, wand p by
(A3)— F, ad F, by (1) = 0, by (10)— j by (3) = ¢ and 5 by(11)



=

" =F% I =E*_ I =E%, =01, b, =005,
b =03, N,=5, a, =03, a, =035, 4 =1, A =11,
a =05, 8 =03, 4 =05, 4, =04, £ =02,

0

05, 7,=7,=005, 6, =02, € =025, & =005

The equubhbrmum values are given as m (16)

E=7T38, E=1363, F =119 F =379 0 =050,

N =146 N =339 N =015, K =176, K =514,

E =068, k,=121, k, =151, k. =469, f =081,
f.=112 r=014, w=0534, p=07T9, k=132, c=07
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Figure I The Pollution by Consumption Becomes Stronger
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.to be g

e Perfect competition is not realistic
e relax full employment
e Endogenous environmental policy

 Endogenous knowledge



.Compliéa

 Knowledge, education, globalization
e Available Computer: time and space

e separate theories such as Marxian,
Keynesian, equilibrium theory, neo-classical ...

 The time for building a united economic
theory
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