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stability and complexity is the foundation of cultural diversity and mixed econo-
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instability and complexity.
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studying economic chaos and economic complexity. The chapters are selected
from works completed since 1987, including original research on the evolution-
ary dynamics of the division of labor, empirical and theoretical studies of eco-
nomic chaos, and stochastic models of collective behavior. Offering a new
perspective on market instability and the changing world order, the basic pillars
in equilibrium economics are challenged by solid evidence of economic com-
plexity and time asymmetry, including Friedman’s theory of exogenous money
and efficient market, the Frisch model of noise-driven cycles, the Lucas model
of microfoundations and rational expectations, the Black—Scholes model of
option pricing, and the Coase theory of transaction costs.

Throughout, a general framework based on complex evolutionary economics
is developed, which integrates different insights from Smith, Malthus, Marx,
Hayek, Schumpeter, and Keynes and offers a new understanding of the evolu-
tionary history of division of labor. This book will be of interest to postgraduates
and researchers in Economics, including macroeconomics, financial economics,
advanced econometrics and economic methodology.

Ping Chen is a Professor at the National School of Development at Peking
University in Beijing, and a Senior Fellow at the Center for New Political
Economy at Fudan University in Shanghai, China.
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Preface

We are in the midst of the Grand Crisis (this is a term in parallel with the Great
Depression in the 1930s). In Chinese, crisis (wei-ji) means danger (wei) and
opportunity (ji). This is the main idea of order out of chaos introduced by the
late Belgian physicist Ilya Prigogine (Prigogine and Stengers 1984). In economic
literature, instability is mainly used as a negative term. But the physics concepts
of nonequilibrium, complexity, and chaos imply not only the destruction of an
old order, but also the emergence of a new structure. From this perspective, the
current Grand Crisis may bring about a new world of economic order and a new
era of economic thinking.

“The whole intellectual edifice collapsed in the summer of last year,” the per-
plexed former Federal Reserve Chairman Alan Greenspan confessed in congres-
sional testimony on October 23, 2008 (Greenspan 2008). Changing historical
currents demand changes in economic paradigm. Media commentaries and
prominent economists soon identified two failed theories in mainstream eco-
nomics: the efficient market hypothesis in finance and the microfoundations
theory in macroeconomics, which is the core of the counter Keynesian revolu-
tion in last three decades. Among critics of market fundamentalism, only some
weak voices of information asymmetry and behavioral finance have been heard.
Justin Fox, an economics columnist for 7ime magazine, documented a series of
intellectual failures in a recent book on the myth of rational markets (Fox 2009).
He laments the lack of any alternative “grand new theory” and finds that the
debate has resulted in a “muddle.”

However, Fox’s complaint is not quite true. His bounded knowledge is a good
example of incomplete information or even distorted information in the main-
stream media. This book of collected essays demonstrates that there are better
alternatives in understanding market instability and economic crisis, and a new
paradigm has been developing for the last three decades. Only the exclusive atti-
tude of mainstream economics has marginalized new ideas and new approaches
in economic literature and university textbooks.

This Grand Crisis revives old philosophical debates between Keynes and classi-
cal economists, between Hayek and Friedman, between Schumpeter and Frisch,
between Minsky and Lucas, on the nature of business cycles and financial crisis.
Moreover, it revitalizes new methodological contests among econometricians,
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mathematicians, and physicists in analyzing economic time series. Generally
speaking, there are at least three, not just two competing schools of thoughts.

The first is the equilibrium economics or neo-classical school. Its core belief is
the so-called efficient market with rational expectations, which is self-stabilizing
without need of government intervention. Any disturbance in the market is external
and temporary in nature. Brownian motion or random shocks are their mathematic
formulation of laissez-faire policy. There is a long cast of prominent names associ-
ated with this school: Ragnar Frisch, Milton Friedman, Eugene Fama, Robert
Lucas, etc. Their arguments are based on methodological individualism, often in the
form of a representative agent. Their main instrument in creating an equilibrium
illusion is the first differencing (FD) filter in econometric practice, which wrongly
targets the short-term fluctuations outside the business cycle frequency. Its defi-
ciency is parallel to the geocentric system of the Ptolemy model in astronomy.

The second is the disequilibrium economics or Keynesian school. Its central
theme is a fragile market, which frequently collapses under irrational panic or
historical events. Known scholars in this camp include John Maynard Keynes,
Hyman Minsky, Benoit Mandelbrot and behavioral economists. Their main
effort is introducing social psychology into economic behavior (Akerlof and
Shiller 2009). However, they have not yet developed a consistent theoretical
framework. They experiment with various mathematical models, ranging from
Levy distribution, fractal Brownian motion, unit roots, co-integration, sunspot,
sand-pile, to power law in econophysics. Monetary and fiscal policies are the
main tools for restoring market confidence from time to time. Their weakness is
a lack of structural analysis and historical perspective. They often shared the
problem of the whitening device (FD) in analyzing economic time series.

The third school is the self-organization economics or evolutionary school. Its
perception of market economy and division of labor can be characterized as a
viable market. Schumpeter’s ideas of creative destruction, economic organism,
and biological clock, and Hayek’s concept of spontaneous order, are remarkably
similar to Prigogine’s idea of self-organization and dissipative structure in com-
plexity science. Their characteristic is a biological view in an historical perspec-
tive for understanding human society. The term “viable market” was inspired by
the observation of a firm’s “viability” by Justin Lin, a former colleague at Peking
University and now the Chief Economist at the World Bank (Lin 2009). Before
the late 1970s, this school was overlooked by the new wave of econometrics and
mathematic economics since the evolutionary perspective is difficult to be for-
mulated by a linear stochastic model and optimization algorithm. Since the late
1970s, the new science of nonlinear dynamics and complex systems provided
new tools in modeling biological and economic behavior. Our discovery is that a
proper separation of trend and cycles is critical in studying an endogenous mech-
anism in business cycles. Our contribution is introducing nonlinear population
dynamics with resource constraints as a unified framework in modeling micro,
macro, finance, and historical evolution. Market movements do not like random
walk with stable mean value but short correlations. The linear stochastic model
in macro and finance economics implies no internal structure and historical con-
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straints in industrial economy. The equilibrium illusion of self-stabilizing market
is created by a white looking glass, the first differencing (FD) filter, which dis-
torts any colorful picture into a white image. In the history of science, the tele-
scope helped Galileo to prove the Copernicus heliocentric theory of planet
motion. In economic analysis, our discovery of economic color chaos (color
means a narrow frequency band against a noisy background) reveals a new
world of macro vitality. The movements of stock market and macro indexes can
be better understood by a mix of nonlinear trend, persistent cycles, plus minor
noise. The market trend is mainly driven by technological wavelets and chang-
ing economic structure. Persistent cycles in the US economy are endogenous and
nonlinear in nature, which fall within the stable range of NBER business cycles
from two to ten years. The sources of business cycles are not microfoundations,
but meso foundation in financial intermediate and industrial organization. Finan-
cial market is inherently unstable because of collective behavior, financial lever-
aging, nonlinear pricing, and power concentration. For a viable market with
resilient frequency but erratic fluctuations, the government’s role in managing
and regulating economy should be more like a family doctor treating his patients
rather than a school teacher dealing with pupils. He should care more about the
system’s health and structural malfunction than day to day instructions to pupils.
It was Paul Samuelson, who predicted as early as 1995 in an evaluation letter of
our work that new innovative paradigms might have a chance to stand an historic
test in mainstream economics (Samuelson 1995).!

Unlike dramatic events of the Great Depression and the Grand Crisis, our
adventure quietly started from two fundamental issues: the first is the so-called
Joseph Needham’s question of why science and capitalism emerged in Western
Europe, not in China or other civilizations. The second is studying the nature of
business fluctuations. Should we characterize them by random noise or deter-
ministic chaos? The first issue shifted my interest from the heights of the culture
revolution in China to Ilya Prigogine’s new thermodynamics of evolution in
1973. I ended up studying and working with Prigogine from 1981 until his death
in 2003. My studies of evolutionary dynamics were inspired by Peter Allen (a
member of the Brussels school led by Prigogine), while my research of eco-
nomic chaos was initiated by Ilya Prigogine. Without the intellectual culture at
the Ilya Prigogine Center for Statistical Mechanics and Complex Systems at
University of Texas at Austin, our endeavor cannot survive under the monotone
atmosphere dominated by neo-classic economics. When I started teaching at
Peking University in 1997, my focus moved from technical algorithms to funda-
mental principles behind policy issues. The striking difference between China
and EEFSU (East Europe and former Soviet Union) during the economic trans-
ition induced me to examine basic assumptions in equilibrium economics, which
turned out to be mathematic toy models rather than scientific theories.

With a basic knowledge in calculus and science, college students, economic
teachers, and general readers alike should easily follow our journey to explore
economic complexity and test competing economic theories. Here, complexity
means nonlinear interaction, nonequilibrium diversity, many-body problem,
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nonstationary dynamics, and path dependence, while simplicity implies linearity,
equilibrium convergence, stationary model, and one-body problem (of represent-
ative agent). Nonlinear modeling of economic complexity provides new tools in
understanding economic structure, history, and evolution. You may realize that
an economy is more like a living system. Its vitality is characterized by life
rhythms. Thoughtful economists may be surprised that the dominant belief in
self-stabilizing market, promoted by Frisch, Friedman, Fama Lucas, and Coase,
are purely an equilibrium illusion, made up by the FD filter, the representative
agent, the bilateral exchange, and even a perpetual motion machine in economic
theory. Economic complexity, with emerging property and resilient dynamics
will completely reshape our framework of economic thinking.

Like biology and physiology, structure matters immensely in understanding
economic dynamics as a whole system. Adam Smith realized that division of
labor is limited by market extent (1786, 1981), while Thomas Malthus pointed
out the biological constraint to human activity (1798). Therefore, market-share
competition is more fundamental than price competition, which serves a busi-
ness strategy in market-share competition. Competition policy and structural
reform are more essential than fiscal and monetary policy for developing a sus-
tainable economy. The conventional micro—macro analysis ignores the middle
layer of meso economics, i.e., financial intermediate and industrial organization,
which are the foundations of creative destruction and business cycles. The irra-
tional fads and panics in behavioral finance can be understood by interactions
among individual actors. A consistent framework of ecology-socio-economic
dynamics in continuous time is developing for micro, meso, macro, and Clio
economics. Readers could judge if there is a better alternative to equilibrium
economics based on individual rationality in discrete time.

Policy makers and the general public would find fresh ideas for understanding
historical puzzles and contemporary events, such as the cultural diversification
between East and West in the Middle Ages, the rise of China, the decline of
EEFSU, and policy effectiveness in dealing with an economic crisis.

We are witnessing ongoing events of the Grand Crisis which originated in the
core of a capitalist economy and turned into a global crisis. It is an historical
moment to advance our economic knowledge. Economics in the twenty-first
century will stand on the shoulders of giants. We have learned from visionary
thinkers like Schumpeter, Keynes and Prigogine, as well as failed attempts by
Frisch and Lucas. Economics as an empirical science will reach a new height
and go beyond the scope of physics and biology in the future.

Finally, I should point out that all the papers here are kept in the original form
as much as possible. I made some corrections in symbols and English for clarity
and consistency. I also updated the references. If readers find mistakes in my book,
please email: pchen@ccer.pku.edu.cn. I appreciate your critique and comments.

Ping Chen
July 27, 2009 at Austin, Texas
The 20th birthday of my younger daughter Vivian, a vibrant and critical student
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AC(I)
ARIMA
ARMA
ASEAN

Brent
CAPM
CDS
CH
CMEA

CN
Cp

CSAC
Ccv

DDM

DO
DS

DSM

ECN
EEFSU
EMH
ENGT
EO

autocorrelations with time lag I

auto-regressive integrated moving averaging (model series)
auto-regressive moving averaging (model series)

Association of Southeast Asian Nations, which was established in
1967

Brent (North Sea Crude Oil) index

Capital Asset Pricing Model developed by Sharp (1964)

credit default swaps

chaotic solution

Council for Mutual Economic Assistance or Comecon (1949-1991),
an international organization of EEFSU

cluster number

cycle number,n=1,2,3

complex regime including alternative periodic and chaotic solution
bands

complex spectral analysis of correlations

coefficient of variation

correlation dimension

Divisia monetary demand aggregates; DDM2, DDM3, DDL is
Divisia monetary demand aggregate index (which is different from
official simple sum index) for M2, M3, and M4(L) respectively
(Barnett and Chen 1988)

damped oscillation regime

difference-stationary series, an econometric term for time series
generated by FD (first difference) filter

Divisia monetary supply aggregates; for example, DSM2 is Divi-
sia monetary supply aggregate index for M2 (Barnett and Chen
1988)

effective cluster number

East Europe and former Soviet Union

efficient market hypothesis

endogenous growth theory

explosive oscillation regime
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EP
EXGT
EXRJAN
FD

FDI
FM1

FM2
FSDXP
FSPCOM
FYCP90
FYFF
FYGT10
GCDQ
GCQ
GDPCI
GDPQ
GMYFM2
GNP

GP

GPDICl1
HP

HPc

HPg

iid.

IMF

IPP
JAFEE
LBMNU
LBOUTU
LCD

LHUR
LL
LLD

Abbreviations XXix

explosive regime in linear or nonlinear oscillator

exogenous growth theory

Japanese/US exchange rate

first differencing (detrending) of logarithmic time series. The
detrended data is also called DS (difference-stationary) time series.
Its economic meaning is the logarithmic of rate of change in a
time unit. The DS perspective implies the shortest time window,
which is only one time unit of the observed time series. It makes
an extreme assumption that the underlying system is stationary
without growth trend. Only random deviation dominates system
fluctuations.

foreign direct investment

money supply M1 index

money supply M2 index

S&P stock dividend yield (US) from Citibase

S&P 500 stock price index (US) from Citibase

three month commercial paper rate (US)

the Federal Funds rate (US)

ten-year Treasury note rate (US)

real durable consumption (US)

total real consumption (US)

real GDP (US)

real gross domestic products (US)

the monetary velocity (US)

gross national product

Grassberger—Procaccia algorithm in calculating correlation dimen-
sion, which is one specific measure of fractal dimension

the real domestic investment (US)

Hodrick—Prescott filter (detrending). This perspective includes
a nonlinear smooth (slow varying) trend and a cyclic movement
around the trend. It implies a time window in the range of NBER
business cycles from 2—10 years.

detrended cyclic series from HP filter

smooth growth trend from HP filter

independent and identically distributed (random variable)
International Monetary Fund

Industrial Price Index for all goods

Japanese Association for Evolutionary Economics

hours of non-farm business (US)

labor productivity (US)

logistic chaos in discrete time, which is generated by logistic map:
X(t+1)=4X(t) [1 - X()]

the unemployment rate (US)

log-linear

log-linear detrending. The detrended data is also called TS
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LLc
LLg
LMI
LV
MC
MI
MV

NAIRU
NBER

NC

NGO
NPL

NPO
PCECC96
PMA

PO
PZRNEW
RBC

RCC

SBO
SEZ
SOEs
SPX
SSM2
ST
STFT

Td

(trend-stationary) time series. The TS perspective implies the
maximum time window. Its length covers the whole period of the
observed time series. It also takes the simplest assumption that the
growth rate is constant with an exponential growth trend.

detrended cyclic series from log-linear detrending

log-linear growth trend

Lucas’ model of an island economy

Lotka-Volterra wavelet

monotonic converging

monotonic increasing

market variability, calculated by relative deviation (RD), the ratio
of standard deviation to its mean (for positive variable only)
number of data points (observations)

Non-accelerating inflation rate of unemployment

National Bureau of Economic Research. Its business cycle chrono-
logy is the empirical base for macroeconomic analysis in the US.
number of clusters in calculating market variation

non-government organization

non-performing loans

non-profit organization

real personal consumption (US)

Petroleum Marketers Association

periodic oscillation

the consumer price index (US)

real business cycle school, a theory in macroeconomics, which con-
siders technology shocks (not monetary shocks) as the major driving
force of business cycles in computation model of macroeconomy
Rdossler spiral chaos of continuous time. Rossler model is a system
of three-dimensional differential equations: dX/dt = -Y — Z,
dY/dt=X+0.2Y,dZ/dt=0.2 - 5.7Z + XZ (Réssler 1976).

relative deviation

the soft-bouncing oscillator with a control target and soft bounda-
ries of floor and ceiling in feedback control (Chen 1988a)

special economic zone in China’s reform and transition period

state own enterprises (China)

the Standard & Poor’s 500 price index from yahoo.finance, which
is the same as FSPCOM in Citibase

simple-sum monetary aggregate index for M2, which is used in
Federal Reserve as official monetary index

steady state solution in a dynamic model

short-time Fourier transform, which is the simplest version of time—
frequency analysis

time lag in phase portrait

decorrelation time measured by the time lag of the first zero in
autocorrelation function
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TS
TVE
WD
WGQ

WTI

Abbreviations xxxi

time—frequency distribution series, which is a numerical algorithm
developed for calculating WGQ transform

trend-stationary series in econometric literature. A typical TS
example is the log-linear detrending.

town and village enterprises in China

Wigner distribution

Wigner—Gabor—Qian transform, which is used in nonstationary
time—frequency analysis

West Texas Intermediate Index
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b(n)
cc,

o
C(m, n)

time unit is year for annual time series.

birth rate.

consumption.

the correlation coefficient between the filtered (reconstructed in
Gabor space) and unfiltered (original) time series.

the cut-off threshold at time-section of matrix C(m, n).

matrix in Gabor space.

the maximum distance between interacting pairs of base func-
tions in d-th order of decomposed Wigner distribution.

fractal dimension for an attractor. D is an integer for normal
attractor.

government expenditure.

the evolution time in numerical algorithm of Lyapunov exponent
(Wolf et al. 1985).

time series generated by logarithmic first differencing.
characteristic frequency from time—frequency analysis. f,(= 1/P,).
the time—frequency distribution function.

the peak frequency.

the growth rate.

gain factor.

a preference parameter or social field.

cyclic series generated by the HP filter.

smooth growth trend generated by the HP filter.

investment.

population growth rate or learning rate.

the highest order of decomposed Wigner distribution.

cyclic series generated by the HP filter.

smooth growth trend generated by the HP filter.

time unit is month for monthly time series.

mean value.

effective carrying capacity of species i.

number of data points.

population size of species i.
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Symbols  xxxiii
implied number of degree of freedom or cluster number

the characteristic period from time—frequency analysis. P (= 1/f,).
the probability of frequency i.

the decorrelation period from correlation analysis, which is four
times of decorrelation time Td. Pc is in the same order of P,,..
time unit is quarter for quarterly time series.

order parameter.

the death rate or removal rate.

a positive smoothing parameter in the HP filter, which penalizes
variability in the growth component series. The original symbol
was A used by the originator (Hodrick and Prescott 1997). We
use s for smoothing parameter to avoid confusion with the
symbol of Lyapunov exponent in our writing. The calibration of
s aims to adjust the cyclic component of the observed time series
so that its frequency is close to NBER business cycles. For US
annual aggregate data, s = 400 for annual data, 1600 for quar-
terly, and 14,400 for monthly series.

effective growth rate.

the time lag in phase portrait.

the decorrelation time, measured by the first zero of autocorrela-
tion function. It is one-fourth of the basic period Pc for harmonic
cycles.

the decorrelation time for FDs series.

the decorrelation time for HPc cycles.

the relaxation time.

flipping frequency.

particle velocity.

the number of states in the frequency domain.

transition probability function in term of order parameter q

the reconstructed (filtered) time series based on WGQ transform.
output.

the power intensity of frequency i.

risk attitude or culture factor (-1 <a < 1). If a > 0, it is a meas-
ure of risk-aversion or collectivism; if a < 0, it is a measure of
risk-taking or individualism.

overlapping coefficient.

effective competition coefficient of species i.

discrete-time information entropy.

time interval in measuring time series.

the degree of frequency instability.

the ratio of standard deviations of the filtered time series S,(?)
over the unfiltered time series S(?).

a measure of coolness in collective atmosphere, it is cool for the
situation of high social temperature.
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Symbols

friction coefficient.

the largest Lyapunov exponent. Note: 1! is a measure of a time
scale, which is in the same order of the decorrelation time for a
strange attractor.

the correlation dimension for the measure of strangeness of a
mathematical attractor (Grassberger-Procaccia 1983). For logis-
tic chaos (LCD), u < 1; for Rossler chaos (RCC), 2 < < 3; for
nonlinear delay-differential equation, the range of W is varying
widely depending on the model.

a continuous-time Gaussian white noise with zero mean and
standard deviation of G.

interaction constant.

white noise with standard deviation G.

standard deviation.

time delay in delay-differential equation. T = TAU in parameter
space.

frequency variability, measured by the percentage ratio of vari-
ance of the filtered time series S (¢) over the unfiltered time
series S,(f).

the frequency variability (in time) measured by the percentage
ratio of the standard deviation of the changing frequency to its
mean of the changing frequency over time evolution.

the normalization factor.

the relative deviation, i.e., the ratio of the standard deviation to
the mean.

the potential relative deviation generated by N* micro agents.

the relative deviation in a static system for just one element at
micro level.

stands for the relative deviation in a static system at macro level
with N elements.

angular frequency.

realized angular frequency.
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1 Introduction

Fundamental ideas play the most essential role in forming a physical theory.
Books on physics are full of complicated mathematical formulae. But thought
and ideas, not formulae, are the beginning of every physical theory.

Einstein (Einstein and Infeld 1938)

The classical theorists resemble Euclidean geometers in a non-Euclidean
world who, discovering that in experience straight lines apparently parallel
often meet, rebuke the lines for not keeping straight — as the only remedy for the
unfortunate collisions which are occurring. Yet, in truth, there is no remedy
except to throw over the axiom of parallels and to work out a non-Euclidean
geometry. Something similar is required in economics. (The deleted sentence
reads: “We require, therefore, to work out a more general theory than the classi-
cal theory.”)

(Keynes 1933/1987)

The Grand Cerisis that started in fall of 2008 shocked the confidence in market
fundamentalism. Fundamental debates on the nature of economic crisis are going
back to the Keynesian revolution during the Great Depression. This book of col-
lected essays will address basic issues from five aspects.

Part I is a methodological review on complex evolutionary economics. It
includes two review articles. Readers could easily start from there for a basic
knowledge in contested issues and competing alternatives.

Chapter 2 on equilibrium illusion, economic complexity, and evolutionary
foundation is a review talk on competing methodologies in economic analysis,
which was a two-hour invited speech at the Japanese Association for Evolution-
ary Economics in September 2007, on the eve of the Grand Crisis. This chapter
serves as a beginner’s guide on major differences between equilibrium and evo-
lutionary perspective, between linear and complex thinking.

There is a widespread misperception that neo-classical economics is imitating
classical physics in a frictionless world (Mirowski 1989). This is not quite true.
Neo-classical economics did borrow the optimization approach from Hamilto-
nian mechanics. However, some influential equilibrium models, such as the
Frisch model of noise-driven cycles, the Lucas model of rational expectations,
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and the Coase world of zero transaction costs, simply violate basic laws in
physics including the uncertainty principle and the second law in thermodynam-
ics. The role of the FD (first differencing) filter in macro econometrics is similar
to that of the geocentric system in astronomy. Mainstream economics felt the
fundamental impact of a physics revolution in the 1970s, when discoveries of
dissipative structure and deterministic chaos changed the Newtonian paradigm
into an evolutionary perspective in physics, chemistry, and biology. The many-
body problem is fundamentally different from the one-body and two-body prob-
lems in mathematics. That is why methodological individualism and regression
analysis is incapable of understanding complex economic dynamics, which is
nonlinear and non-integrable in most of cases. This chapter gives a detailed com-
parison between a linear equilibrium approach and a complex evolutionary
approach in micro, macro, finance, and institutional economics, including their
policy differences and social outcome in dealing with transition economies and
economic crisis. The development from linear Hamiltonian economics to
complex evolutionary economics could learn historical lessons from classical
mechanics to relativity theory, which is a theoretical progress toward a general
theory with a more consistent framework and a wider empirical base (Galbraith
1994).

Chapter 3 is a review article on evolutionary economic dynamics, invited by
Kurt Dopfer in his Cambridge volume of Evolutionary Foundation of Economics
in 2005, a project started in 1995.

This chapter is a systematic review on evolutionary economic dynamics for
readers with more mathematical background. It mainly discusses two basic
issues: the endogenous nature of business cycles and diversity trends in social
evolution. There are several significant findings in economic theory: the Frisch
model of noise-driven cycles in macro econometrics is a perpetual motion
machine; the geometric Brownian motion behind the Black—Scholes model in
option pricing is explosive in nature; there is a weak microfoundation but a
strong meso foundation for generating business cycles. The 1987 model of the
division of labor in Chapter 8 was applied to address Adam Smith’s dilemma in
classical economics and the complexity puzzle in theoretical biology. Evolution-
ary dynamics has no convergence trend, which is contrary to the claim by the
optimization approach. The diversified pattern observed in economic organiza-
tions can be explained by a trade-off between stability and complexity under
environmental constraints. Market resilience and economic complexity can be
better understood by nonlinear population dynamics, which is the pertinent
feature for biological and social dynamics.

Part I on macro vitality was our starting base in studying economic complex-
ity. The main issues in business-cycle theory are trend—cycle separation, eco-
nomic chaos, and persistent cycles.

Chapter 4 on empirical and theoretical evidence of economic chaos in 1988
marked the methodological departure of nonlinear dynamics from econometric
analysis. The chapter begins from a brief comparison between linear stochastic
and nonlinear deterministic models in a time series analysis. The salient feature
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of many macro indexes is their growing trend. How to separate long-term trend
and business cycles is a critical issue in business-cycle theory. A random image
of business cycles is obtained by the FD (first differencing) filter, i.e., the
observed variable is the rate of changes in a time unit. The first empirical evid-
ence of low dimensional strange attractors is found in several empirical mone-
tary aggregates by a log-linear detrending (LLD filter). A continuous-time
deterministic model with delayed feedback is proposed to describe the monetary
growth. Phase transition from periodic to chaotic motion occurs in the model. A
one-dimensional nonlinear delay-differential equation is proposed to describe a
nonlinear oscillator with soft-boundaries in target control. The soft-bouncing
oscillator model is a generalization of hard boundaries, such as the Goodwin
limit cycle model with investment floor and ceiling (1951). Time delay and over-
shooting are the causes of monetary chaos. Chaotic and multi-periodic regions
are resilient under shocks in parameter space. This study is the most comprehen-
sive analysis of economic chaos from empirical to theoretical aspects. Its impli-
cation in monetary policy is strong evidence of the Austrian theory of
endogenous money, but a challenge to Milton Friedman’s theory of exogenous
money.

Chapter 5 on searching for economic chaos in 1993 was presented at the
Austin Symposium in 1989. Methodological differences in testing economic
chaos have induced an intensive debate between physicists and econometricians
since 1985. Econometricians routinely used a regression analysis to a discrete
time model of white chaos such as a logistic or Henon model, while physicists
only found empirical evidence of continuous time deterministic color chaos.
This chapter demonstrates basic differences between a discrete time and a con-
tinuous time chaos model and pitfalls of statistic techniques in testing strange
attractors with fractal dimensionality. The role of the time arrow, time scaling,
and long-term correlations in econometric testing and modeling is examined.
The fundamental problems of econometric inference, modeling, and forecasting
in studies of chaotic economic movements are discussed.

Chapter 6 on random walk or color chaos on Wall Street introduced a new
method in testing economic chaos by means of time—frequency analysis. The HP
(Hodrick—Prescott) filter was suggested by Victor Zarnowicz in Chicago, in
addition to FD and LLD filters tested in Chapter 4. The deterministic component
from noisy data can be recovered by a time-variant filter in a two-dimensional
time—frequency Gabor space. The characteristic frequency is calculated from the
Wigner decomposed distribution series. The Wigner—Gabor—Qian (WGQ) spec-
trogram shows a strong capability in revealing complex cycles from noisy and
nonstationary time series. It is found that about 70 percent of HP cyclic fluctua-
tions in Standard & Poor stock price indexes, such as the FSPCOM and FSDXP
monthly series can be explained by deterministic color chaos. The characteristic
period of persistent cycles is around three to four years. Their correlation dimen-
sion is about 2.5. The color-chaos model of stock market movements provides a
better alternative in business-cycle theory than a white noise model or Brownian
motion. Time—frequency analysis is more powerful than nonlinear dynamics
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algorithms in analyzing short and noisy economic time series. The analytic
program of WGQ transform was provided by Shie Qian in Austin.

Chapter 7 on trends, shocks, and persistent cycles in an evolving economy in
1996 gave a systematic report on business-cycle measurement in time—frequency
representation. The term of persistent cycles was suggested by Finn Kydland
when he was in Austin. The new method in analyzing business cycles developed
in Chapter 6 was systematically applied to a wide range of macro aggregate
indexes. Competing detrending methods, including the first differencing (FD)
and Hodrick—Prescott (HP) filter, are tested with the mixed case of cycles
and noise. The FD filter does not produce a consistent picture of business
cycles. The HP filter provides a unified reference in explaining business
cycles. Discovery of stable characteristic frequencies from wide ranged eco-
nomic aggregates provides strong evidence of endogenous cycles and valuable
information about structural changes. Economic behavior is more like an organ-
ism instead of random walks. A remarkable resilience of a market economy can
be seen from a frequency stability compared to an amplitude variability of index
levels. The role of time scale and preferred reference from economic observation
is discussed.

Part IIT on population dynamics with micro interaction provides a dynamic
approach in studying social behavior including learning, communication, and its
outcome in market share competition. Micro dynamic models provide fresh
insights to collective behavior and culture diversity in social evolution.

Chapter 8 on origin of division of labor and stochastic mechanism of differ-
entiation in 1987 is a short paper with three basic models in micro dynamics and
social evolution. The first model introduced a culture factor in risk orientation,
which is observed by the remarkable difference between Western and Oriental
cultures. Population dynamics of information diffusion and learning competition
is developed for modeling division of labor. Its stability condition shows a trade-
off between stability and diversity. The second model is a stochastic birth
process for multi-staged development. Emergence of multi-humped distribution,
a typical feature of far from equilibrium dynamics, is observable from a theoret-
ical model and empirical evidence. The Gaussian-type distribution breaks down
during transitions between different birth rates. The third is a thought experiment
of bifurcation mechanism in social behavior. It was a response to skeptics, who
questioned the relevance of nonlinear dynamics in social science.

Chapter 9 on imitation, learning, and communication in 1991 is a nonlinear
stochastic model for social psychology such as sudden changes of fashion or
polarized orientation, which is often called animal spirits by Keynes or irrational
behavior in behavioral economics. Their probability distribution is a central or
U-shaped pattern. The weakness of the Ising model in equilibrium physics is the
concept of social temperature, which is hard to define for non-Hamiltonian
systems. A modified population model with social interaction is developed. Imi-
tation, learning, and communication play important roles in understanding com-
plexity in social behavior including a rapid swing in social modes and market
variability. An equilibrium perspective based on a mean-variance approach
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breaks down for U-shaped or bi-modular distribution, since its mean is least
likely and its variance is explosive.

Chapter 10 on Needham’s question and China’s evolution in 1990 was a his-
torical and philosophical consideration of nonequilibrium social transition in the
shadow of the June 4 event in 1989 during China’s transition from a command
economy to a market economy. Joseph Needham’s question of why did capital-
ism emerge in the West and not in China is discussed. There are other related
puzzles, such as the Chaunu—Wallerstein puzzle of why land-rich Europe lacks
space while population-heavy China lacks population during the civilization
division around the fifteenth century; and why a centralized state emerged in pre-
modern China 2000 years ago, but division of labor was hard to develop during
China’s modernization process. The labor-saving resource-intensive technology
developed in Europe and resource-saving labor-intensive agriculture developed
in China was shaped by ecological constraints, climate change, and patterns of
war. The trade-off between the stability and complexity of socio-ecological
systems is studied. The evolutionary perspective of nonequilibrium thermody-
namics and nonlinear dynamics is helpful in understanding China’s transition
and economic reform.

Chapter 11 on China’s challenge to economic orthodoxy is a dialogue with
American economists on the issue of shock therapy in 1993. From an evolution-
ary perspective, the Asian experience and China’s reform can be considered as a
self-organizing process, not an equilibrium process. The success of China’s eco-
nomic reform, contrasted with the difficulties of EEFSU, stems mainly from
China’s willingness to tolerate decentralized experimentation and a gradual evo-
lution of new institutions, whereas in EEFSU a belief of institutional conver-
gence led to the wholesale importation of foreign institutions. This contrast
highlights the advantages of a nonlinear nonequilibrium paradigm in evolution-
ary economics over a linear equilibrium paradigm in neo-classical economics.

Part IV on meso foundation and equilibrium illusions discusses the source of
business cycles and false beliefs in equilibrium theories, such as the perpetual
motion machine, representative agents, and the driving force of institutional
changes.

Chapter 12 on the Frisch model of business cycles in 1999 was a first exami-
nation of the theoretical foundation in equilibrium economics. Surprisingly, the
most influential model in business-cycle theory and macro econometrics was a
spurious doctrine, but a mysterious success, which shared the first Nobel Prize in
economics. Frisch once claimed that persistent cycles could be maintained by
external shocks, but never formally published its analytical proof. Physicists had
already proved that a harmonic oscillator under Brownian motion would quickly
cease its harmonic oscillation. An empirical study of US real GDP cycles further
reveal that the linear stochastic model is not capable of explaining observed per-
sistent cycles. Theoretically, the Frisch model is a perpetual motion machine,
which violates the law of thermodynamics. Persistent business cycles can only
be generated by nonlinear economic dynamics. This paper was rejected by a
mainstream economic journal, but its main findings were disclosed in Chapter 3.
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Chapter 13 on microfoundations of macroeconomic fluctuations and the laws
of probability theory in 2002 was a major breakthrough in challenging the new
classical macroeconomics, a counter Keynesian revolution led by Robert Lucas
in 1972. We found that there was weak evidence of microfoundations in
business-cycle theory based on the Principle of Large Numbers and rational
expectations were self-defeating under a rational expectations arbitrage. The
magnitude of aggregate fluctuations is reversely proportional to the square root
of N, the number of micro agents. This relation can be extended to a population
model of the birth—death process. The observed orders of fluctuations in the US
economy are so large, that there is a weak possibility of microfoundations, but a
strong possibility of meso foundations of business cycles. The difference
between one-body and many-body problems is critical in theoretical analysis.
The Lucas island economy model is a disguised model of a representative agent
in nature. Lucas ignored the relative price movements and arbitrage opportunity
if micro agents would have independent freedom to make an inter-temporal sub-
stitution between work and leisure under rational expectations. Economic struc-
ture is not a two-layer but a three-layer system with micro-meso-macro structure.
The concept of rational expectations implies infinite information without costing
infinite energy, which violates the uncertainty principle in quantum mechanics.

Chapter 14 on complexity of transaction costs in 2007 raised serious question
to the Coase theory of transaction costs and proposed an evolutionary perspec-
tive in the study of corporate governance. The mechanic picture of transaction
costs is rooted in reductionism of firm theory. The Coase world of zero-
transaction costs is contrary to the law of thermodynamics and historical trends
of increasing energy consumption during industrialization. Its policy implication
is promoting deregulation and defending monopolies. Diversified patterns in
corporate governance and corporate culture can be better explained by the crea-
tive nature of the firm and life cycles in changing ownership and corporate gov-
ernance. The selective mechanism is more essential to the survival mechanism
of a firm than a static judgment of transaction costs.

Part V on market instability, natural experiments, and government policy ana-
lyzes two natural experiments, the transition depression in EEFSU in the 1990s
and the ongoing Grand Crisis, for testing competing economic theories and
policies.

Chapter 15 on market instability and economic complexity in 2006 discussed
theoretical lessons from transition experiments. The “Washington consensuses”
or “‘shock therapy” simply ignored the Keynesian lessons from the Great
Depression. The severe output decline in EEFSU resulted from an equilibrium
strategy of liberalization and privatization, which ignored economic complexi-
ties and multiple equilibriums under alternative divisions of labor. China’s
success of decentralized experiments under a dual-track price system demon-
strates the strength of an evolutionary perspective in economic policy. The tre-
mendous cost of the Transition Depression sheds new light on theoretical
limitations of equilibrium thinking in neo-classical economics.

Chapter 16 is a talk on reforming the international financial market in July
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2009, which called a shift from an old belief in an efficient market to a new per-
spective of a viable market. Three observations reveal where the equilibrium
theory of asset pricing and business cycles went wrong: the meso foundation of
macro fluctuations, the endogenous nature of persistent cycles, and the trend col-
lapse and higher moment risk in the derivatives market. A new international
financial order can be achieved if a robust international antitrust law is developed
and a Tobin tax on foreign exchange transactions can be established through
global efforts. An overhaul of financial theory is needed to develop a viable
financial market to support sustainable economies.
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Part 1

Methodological review

Economic complexity, equilibrium
illusion, and evolutionary dynamics
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2  Equilibrium illusion, economic
complexity, and evolutionary
foundation in economic analysis'

The flying arrow is at rest.
(Zeno of Elea (about 490425 BC) in Plato 1997)

The all is one.
(Zeno of Elea (about 490—425 BC) in Aristotle 2008)

The way gave birth to unity, Unity gave birth to duality, Duality gave birth to
trinity, and Trinity gave birth to the myriad creatures.
Lao Tzu (about 600-500 BC) (Lao Tzu 1990)

2.1 Introduction

It is widely believed that the idealized world without friction is a unifying
foundation for equilibrium economics. This belief faces fundamental challenges
from new findings in complexity science, which will lead to a paradigm shift in
economic thinking and quantitative analysis.

Two basic models in equilibrium economics are the optimization model and
the representative agent, which are based on a Hamiltonian framework in
economic theory. The Hamiltonian approach is valid only for a conservative
system without friction, i.e., no energy dissipation in the form of heat. Notable
examples in physics are planetary motion and harmonic waves, including
electromagnetic waves and the atomic spectrum. Two economic features go
beyond the scope of the Hamiltonian system: business fluctuations and economic
growth. Specifically, the building block in econometrics is random noise, which
is the typical feature of energy dissipation or entropy production. In other words,
an economic system is more like a biological system than a mechanical system,
since they are dissipative systems not Hamiltonian systems in nature.

According to nonequilibrium physics, potential function no longer exists
under far from equilibrium conditions, which indicates the limit of the
optimization approach (Prigogine and Stengers 1984). Nonlinear dynamics told
us that nonlinear interaction is the internal deterministic cause of seemingly
random movements, an alternative mechanism for external explanation of
business cycles. Positive feedback is a constructive force for growth and
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innovation, which is outlawed by equilibrium economics under the equilibrium
condition of non-convexity. The many-body problem (such as social behavior) is
essentially different from the one-body (in a representative agent) and two-body
(in bilateral bargaining) problems. If we accept these new understandings in
complexity science, we will easily realize that many doctrines in mainstream
economics are simply equilibrium illusions, which are equivalent to perpetual
motion machines against the laws of physics and the history of division of labor.

In this review chapter, we will examine two central beliefs in equilibrium
economics: the self-stabilizing market and institutional convergence. We will
see that both computational and natural experiments demonstrate the limits of
the equilibrium approach and the potential of an evolutionary perspective based
on a nonlinear and nonequilibrium approach.

In section 2.2, we give a brief review of how technical progress in complexity
science led to a paradigm shift in economic thinking. In section 2.3, we discuss
equilibrium illusions in economics and econometrics. In section 2.4, we
demonstrate the main results of computational experiments in testing competing
economic theories. In section 2.5, we study transition economies and their
implications to economic theories. In section 2.6, we address fundamental issues
to be solved by the next generation of economists. We hope that a new dialogue
between scientists and economists will be fruitful in bridging the gap of two
cultures, i.e., the mechanical and living world.

2.2 From methodological debate to fundamental thinking in
economic complexity

The strong link between mathematical simplicity and equilibrium thinking is a
major source in economic controversies. I would like to share my own
experience with fellow scholars in a dialogue between complexity scientists and
equilibrium economists.

I was trained as an experimental as well as theoretical physicist. When I
began searching for empirical evidence of economic chaos in 1984, I had no idea
about conflicting economic schools of thoughts. After we discovered empirical
and theoretical evidence of monetary chaos and color chaos from stock market
indexes (Chen 1988a, 1996a, b), our discoveries received a warm response from
physicists, biologists, Austrian and Keynesian economists, but a cool reaction
from mainstream economists and fierce opposition from econometricians.

On the surface, most debates were concentrated on technical issues, such as
noise vs. chaos, linear vs. nonlinear detrending, deterministic vs. stochastic
models, etc. After more technical progress, the central debate shifted to basic
issues in economic order. Why are mainstream economists more reluctant to
accept simple mathematic ideas of nonlinearity and complexity? In addition to
mathematical difficulty, we found that equilibrium economists hold a
fundamentally different view of life and order. For physicists and biologists, life
is better described by cycles rather than noise. The so-called chaos model is
simply a more general model of the nonlinear oscillator, which is visible from
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the biological clock. Brownian motion only plays a minor role in ideal gas
without interactions. But for economists believing in laissez-faire policy, the
normal economic order is a static equilibrium state plus small random noise. We
went back to check if equilibrium assumptions had any empirical foundation.
Three discoveries changed our view of equilibrium theory: the so-called Frisch
model of noise-driven cycles in econometrics was quietly abandoned by Frisch
himself in 1934 and it was a perpetual motion machine in nature (Chen 1999,
2005); the Lucas model of microfoundations had weak evidence according to the
Principle of Large Numbers (Chen 2002); and the Coasian world of zero-
transaction costs was another perpetual motion machine in economics (Chen
2007a). We finally realized that market fundamentalism was a pretty toy in math
modeling but just a theoretical illusion in biophysics and economics.

The transition from classical mechanics to relativity theory may provide an
enlightening lesson for economists (Galbraith 1994). After the Michelson—Moley
experiment failed to detect ether-drift, Dutch physicist Hendrik Lorenz made a
technical modification (such as space contraction and time slowdown under high
speed movement) to preserve the ether hypothesis, but Albert Einstein made a
simple revolution by giving up the ether hypothesis and introducing special
relativity. Before Einstein further developed general relativity, scientists widely
believed that Euclidean geometry was the only choice for geometry in the real
world. But Einstein taught us that there were infinite possibilities of non-
Euclidean geometric systems. Which geometry is relevant to our world is an
empirical issue, which should be free from constraints in ideology or aesthetics.

Today, economics faces a similar situation to classical physics, or more
exactly, astronomy before Copernicus. It is widely believed among economists
that equilibrium economics provides a consistent framework in economics,
which is capable in explaining almost everything from demand and supply in
micro, money and unemployment in macro, corporate finance and asset pricing
in finance, even firms and law in institutional economics. There seem only two
clouds in the sky: the persistence of business cycles and the recurrence of
conflict and war. However, mainstream economists have a good reason to ignore
the minority camp on the grounds that heterodox economics is underdeveloped,
simply because they rarely use elegant math models as their main language.

Things have changed since the emergence of the new science of complexity.
We will see that the equilibrium perspective is challenged by the evolutionary
perspective not only by historical and philosophical arguments, but also by
theoretical and mathematical analysis.

2.3 The economic beliefs and equilibrium illusions in
economics

The development of nonequilibrium thermodynamics and the discovery of
deterministic chaos radically changed two basic beliefs in sciences. First, there is
a fundamental difference between Hamiltonian and dissipative systems: the
former system is reversible and the latter is irreversible while all living and
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social systems are dissipative system in nature. Second, predictable trajectories
in classical mechanics rarely exist in real dynamics when dynamic systems are
non-integrable with nonlinear interactions or dealing with a many-body problem.
These two discoveries have a tremendous impact on our study of economic
systems, since the optimization approach in equilibrium economics is based on
Hamiltonian economics, and regression analysis in econometrics is hopeful only
under integrable systems.

By equilibrium economics, we mean the simplest version of neo-classical
economics, including the assumption of a Robinson Crusoe economy, the
optimal condition of convexity, the concept of perfect information and zero-
transaction costs, and the first differencing (whitening) filter in econometrics.

In this section, we will give a brief review of where they went wrong and how
dangerous they were as policy guidance for a real economy.

2.3.1 The belief in self-stabilizing markets

The central argument for laissez-faire economics is the belief in a self-stabilizing
market.

There are three basic models for portrait in self-stabilizing market: the static
linear supply—demand curves; the optimization model with convex utility and
production functions; and the linear stochastic model of random walk and
geometric Brownian motion.

Methodologically speaking, the essential difference is between a single
equilibrium state in linear models and multiple equilibrium states in nonlinear
models. We will discuss linear stability in this section, and leave structural
stability until section 2.3.2.

2.3.1.1 The unique equilibrium in linear demand and supply curves

The most influential illusion among economics students is the self-stabilizer
characterized by negative-sloped demand curve and positive-sloped supply
curve, which assures a unique equilibrium (Figure 2.1a). It is easily described by
a simple diagram and derived from optimization theory under the condition of a
non-increasing economy of scale (Marshall 1920; Varian 1984).

It was known that multiple equilibriums exist under nonlinear demand and
supply curves. Social interactions (such as fashion and collective behavior
among economic agents, Chen 1991) introduce an S-shaped demand curve
(Figure 2.1b, Becker 1991). Nonlinear limitations (such as the subsistence
threshold in minimum income and backward tilted curve in high wage) generate
an S-shaped or Z-shaped labor supply curve (Figure 2.1c, Stiglitz 1976; Dessing
2002). Multiple equilibriums under nonlinear demand or supply curves imply the
possibility of persistent cycles and sudden changes.
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Figure 2.1 Linear and nonlinear demand and supply curves.

Note
The market stability or instability mechanism can be characterized by unique or multiple
equilibriums.
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2.3.1.2 General equilibrium without non-convexity, social interactions,
and product innovations

The unique stable equilibrium was created by the general equilibrium model
based on maximization of utility and production function (Arrow and Debreu
1954; Debreu 1959). Advanced techniques such as the fixed point theorem in
topology were used to justify the existence and stability of unique equilibrium in
the Arrow—Debreu model of general equilibrium.

We should point out that the Arrow—Debreu model has its main features in a
primitive economy and commanding economy, which are irrelevant to an
industrial market economy. There are four basic restraints in most general
equilibrium models with unique stable equilibrium. First, increasing return to
scale and scope is not permitted so that market-share competition is beyond the
scope of “economic rationality.” Second, information diffusion and reaction does
not occur among economic agents, therefore no space exists for social interactions
and strategic behavior. Third, the dimension of commodity space is fixed, where
no product innovations are allowed. Fourth, resource limits and market extent is
ignored, which is the root of methodological individualism. All the four missing
dimensions are fundamental sources of economic instability and complexity that
resulted from Schumpeter’s “creative destruction” (Schumpeter 1934).

2.3.1.3 The Frisch utopia of noise-driven persistent cycles: a perpetual
motion machine of the second kind

During the Great Depression, Frisch invented a dynamic fantasy to save the col-
lapsed confidence in market stability. He suggested that persistent cycles could
be maintained by a stream of random shocks even with an inherently stable
system. This scenario has two attractive features: first, its oscillation must be
damped to rest if there are no external shocks, just like the pendulum with fric-
tion; second, it attributes persistent business cycles to external shocks, which
blames economic fluctuations on external factors (bad guys or bad luck), not
internal instability (so no regulation needed).

Frisch made his claim in an informal conference paper on the propagation and
impulse problem (Frisch 1933). Equilibrium economists quickly embraced
the Frisch model in macro, finance, and econometrics. However, physicists
already knew before Frisch that harmonic Brownian motion could only generate
dampened oscillation rather than persistent cycles (Uhlenbeck and Ornstein
1930). If the US business cycles could be described by the Frisch model, Amer-
ican business cycles would only last about four to ten years, which was not true
in history. It is known that recorded history of US business cycles is more than
100 years.

The Frisch utopia implies a perpetual motion machine of the second kind,
i.e., a work produced by random thermal fluctuations, or a heat engine without
releasing any waste heat at a lower temperature. This engine could not exist,
since it would violate the second law of thermodynamics (Chen 1999, 2005).
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More surprisingly, Frisch quietly abandoned his model in 1934 but never
openly admitted his mistake. Frisch claimed that he had already solved the ana-
Iytical problem and that this would soon be published. His promised paper was
advertised three times under the category “papers to appear in early issues” in
1933, but it never appeared in Econometrica, where Frisch served as the editor.
Frisch did not mention a word about his prize-winning model in his Nobel
speech in 1969 (Frisch 1981). Surprisingly, these facts are still ignored by main-
stream economics. This story reveals an alarming truth: there is only one step
between belief and illusion.

2.3.1.4 The Friedman spirits of the risk-free arbitrager for efficient
market argument

/-ught experiment for basic belief in a stable and efficient market was created
t <" riedman in discussing the self-stability of a flexible exchange rate regime.
The central idea could be characterized by Friedman spirits, which were rational
arbitrageurs capable of driving out irrational (destabilizing) speculators (Fried-
man 1953a, b). Its central message is that cyclic patterns and unstable structures
could not exist in a competitive market. This is the main argument for the effi-
cient market hypothesis in macro and finance dynamical theory.

Friedman spirits behave much like the Maxwell demon in equilibrium ther-
modynamics. The Maxwell demon is an imaginary gatekeeper trying to create a
nonequilibrium order from an equilibrium state by operating a frictionless sliding
door between two chambers that are filled with moving molecules (Maxwell
1872; Lef and Rex 1991). Maxwell assumed that his demon had perfect informa-
tion about the speed and position of all molecules such that he could allow only
a fast molecule into a designated chamber by opening or closing the mass-less
valve in perfect timing. In economic language, under the condition of perfect
dynamic information, the Maxwell demon could create a temperature difference
without doing work, though that outcome is contrary to the second law of
thermodynamics. The meaning of perfect information is also essential for a
Coasian world with zero information costs (we will return to this issue in section
3.2.4).

Friedman spirits face a similar problem to that of the Maxwell demon but
with an opposite task. To eliminate any market instability, Friedman spirits had
two problems in achieving their goal.

First, resource limitation is a severe barrier in defending speculative winds
with positive feedback strategy, i.e., the recurrent market fads by following the
crowd (De Long et al. 1990). For example, foreign reserves in any central bank
are limited compared to speculative capital in the global financial market.

Second, the uncertainty principle and dynamic complexity set fundamental
limits in duplicating strategy in a competitive market. Friedman implicitly
assumed that a winner’s imitator could quickly drive down profit margins to
zero. This strategy could work only if the winning pattern was replicable. There
are two fundamental difficulties in doing so.
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One problem is timing uncertainty in the frequency domain. The strategy of
buying low and selling high works if the turning points of a speculative wave are
predictable with small error. This possibility is limited by the uncertainty prin-
ciple in terms of the trade-off between time resolution and frequency resolution
(Brillouin 1962; Qian and Chen 1996).

Another barrier is complexity in the time domain. The sources of complexity
in time series analysis include imperfect information (finite data with noise and
time delays), information ambivalence (conflicting news and distorted informa-
tion), unpredictable events (financial crisis and changing trends), and limited
predictability (caused by deterministic chaos or wavelets). Information ambigu-
ity is not only associated with bounded rationality but also rooted in dynamic
complexity (Simon 1957; Chen 2005).

In short, there is no quantitative evidence for an efficient market. Unpredicta-
bility and ignorance do not imply market efficiency!

2.3.1.5 The whitening filter of first differencing and illusion creator in
econometrics

The Frisch model of noise-driven cycles is formulated in continuous-time
differential equations. The discrete-time model and difference equation are
widely used in econometrics because of the mathematical convenience of
regression analysis. The first differencing (FD) filter is an essential device in
creating an equilibrium illusion in econometric modeling.

All scientific analysis has a common problem of noisy data resulting from
measurement error and unknown factors. The general solution is developing a
proper filter designed for a specific question, which is aimed at reducing noise
and amplifying the signals in the form of deterministic patterns. The only
exception is econometrics. The FD filter is a whitening device, which reduces
signals in low frequencies and amplifies noise in high frequencies. Its frequency
response function is shown in Figure 2.2, which is a sharp contrast to the band-
pass filter in signal processing. Almost all illusionary evidence of efficient
markets, including white noise, Brownian motion, unit root (Nelson and Plosser
1982), and co-integration (Engle and Granger 1987) etc., are created by the FD
filter. In contrast, counter evidence of persistent cycles and color chaos (a
nonlinear oscillator with an uneven amplitude but narrow frequency band like a
biological clock) emerged through a pertinent filter, such as the HP filter with
nonlinear smooth trends and WGQ filter in time—frequency space (Chen 1996a).
We found that about 70 percent of business fluctuations in stock market indexes
were generated by color chaos, while only about 30 percent of cyclic components
were characterized by white noise. The majority of macro fluctuations are also
dominated by persistent cycles rather than white noise (Chen 1996b).

The question is why econometricians are obsessed by the FD filter. The
strange approach of amplifying noise was not only originated by conventional
usage of percentage changes, but also rooted in the equilibrium perspective of
market order. Friedman clearly realized that erratic time series resulted from the
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Figure 2.2 Frequency response function for the FD filter.

Notes

Here, X(t) = FD[S(t)] = S(t + 1) — S(t). T