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Abstract

Two fundamental problems raise serious challenges to equilibrium economics: the origin of division of labor and the nature of persistent business cycles. Adam Smith once observed that division of labor was limited by the extent of the market. Stigler noted that the Smith theorem was not compatible with a competitive market. The persistent nature of business cycles cannot be explained by equilibrium models, such as the Frisch model of a noise-driven oscillator and the Lucas model of micro fluctuations under rational expectations. 

We introduce resource expansion and risk taking in market competition. The division of labor is limited by the market extent, resource variety, and environment uncertainty. The Stigler dilemma can be solved by the trade-off between stability and complexity in economic systems. Persistent business cycles are better described by nonlinear trends and color chaos, which is observable in two-dimensional time-frequency Gabor space. Cultural diversity and economic resilience can be understood from the perspective of self-organization under nonlinear interactions and non-equilibrium constraints. 
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I. Introduction: Two Fundamental Challenges to Equilibrium Economics
Alfred Marshall once remarked that economics should be closer to biology rather than mechanics. Contemporary mathematical economics seems to resemble mechanics more than biology. Recent advancements in nonlinear dynamics and complex systems provide us new tools in developing an evolutionary framework in both micro and macroeconomics. 

The central theme in equilibrium economics is optimization based on economic simplicity and stability. Economic order is characterized by a steady state plus random deviations with a finite mean and variance. The self-correction mechanism and the tendency of convergence in a market economy are visible in price competition and technology diffusion. But the equilibrium story falls short on another fundamental problem: the causes of evolution and the origin of diversity. 

There are two problems that raise fundamental challenges to equilibrium economics: the origin of division of labor and the nature of persistent business cycles. Adam Smith once observed that division of labor was limited by the extent of the market (Smith 1776). Stigler noted that the Smith theorem was not compatible with a competitive market (Stigler 1951). The existence of persistent business cycles is not compatible with equilibrium models in macro econometrics. External noise cannot maintain persistent cycles in the Frisch model (Chen 1999a). The impact of aggregate internal noise at the micro level is too weak for understanding macro fluctuations since the microfoundations model simply ignores the pattern of large numbers and arbitrage activity in competitive market (Chen 1999b). Only nonlinear endogenous cycles in macro economies provide reasonable explanation about market instability and resilience. Essentially, these two problems have one thing in common: the complex nature of the economic organism.

In this article, some evolutionary concepts developed in nonequilibrium physics are introduced for economists. Resource expansion and risk-taking are integrated into market competition. The division of labor is limited by the market extent, resource variety and environment uncertainty. The Stigler dilemma can be solved by the trade-off between stability and complexity in theoretical biology. Persistent cycles and structural changes can be directly observed from time-frequency analysis of macroeconomic indicators. An economic clock is like an organism. Nonlinear trends and color chaos can better describe the life rhythms of business cycles.

II. Nonlinear and Nonequilibrium Perspective of Order and Complexity

The perplexity of living and socio-economic systems is characterized by the two conflicting tendencies within a complex entity: One is a remarkable stability and resilience under a changing environment; another is a great adaptability and diversity out of an evolving process. Early efforts in classical physics and engineering were focused on the mechanism of stability. A stable state in conservative systems can be described by the minimum state in a potential function. The stabilizing role of negative feedback is a central idea in cybernetics (Wiener 1948). The constructive roles of positive feedback, instability, and chaos were discovered by nonlinear dynamics and nonequilibrium physics (Prigogine, Chen, and Wen 1997).

(2.1) Meta-Stable States and Non-Periodic Structure

To understand the structural mechanism of living systems, Schrödinger developed the concepts of the meta-stable state, aperiodic crystal, and negative entropy in quantum mechanics and thermodynamics (Schrödinger 1948). Clearly, only the meta-stable state, which originated in quantum biology, provides both stability and flexibility for dynamical systems. Obviously, living and social systems should be characterized by meta-stable states (Fig. 1). Unfortunately, the oversimplified conditions of convexity and monotonicity in microeconomics simply rule out the possibility of multi-equilibrium and meta-stable states. 
[image: image2.wmf]
Fig. 1. Three types of stability in physical systems: (a) unstable state, (b) meta-stable state, and (c) stable state. 

(2.2) Equilibrium and Nonequilibrium Order

The classification in nonequilibrium thermodynamics can be helpful in understanding an evolutionary process in living and socio-economic systems. There are three types of order (Prigogine 1980): the maximum entropy (disorder) in an isolated system is dictated by the second law of thermodynamics where no structure exists;  an equilibrium structure, such as a crystal, can exist in a closed system where energy is exchanged with the surroundings; nonequilibrium order and dissipative structure can only emerge in open systems with energy flow, matter flow and information flow. 

Clearly, the optimization approach in Hamiltonian economics is a representation of equilibrium order. In contrast, the division of labor and persistent business cycles are typical forms of nonequilibrium order in dissipative systems. Therefore, Hamiltonian models in microeconomics [Yang and Borland 1991, Becker and Murphy 1992] could not catch the nonequlibrium nature of order out of chaos . 

(2.3) Bifurcation and Breakdown of the Gaussian Distribution 

Fluctuations around an equilibrium state can be characterized by white noise with a Gaussian distribution. A stable trajectory of a deterministic system can also be associated with a probability representation, where the stable equilibrium state corresponds to the mean value in distribution. The Gaussian distribution is widely used in economics and econometrics because of its philosophical simplicity and mathematical tractability. However, the mean value may be meaningless when distribution is polarized.  A multi-humped distribution appears near the bifurcation point during a transition process. 

The breakdown of the Gaussian distribution can be observed from nonlinear stochastic processes, such as staged-growth and multiple attractors (Chen 1987, 1991). Technological revolution can be better described by positive feedback and the bifurcation process. 

(2.4) Many-Body Problem, Non-Integrable Systems and Dynamical Complexity 

It is known that the two-body problem can be converted into a one-body problem. But most many-body dynamical problems are non-integrable and may have chaotic behavior. In other words, the whole is more than the sum of its parts. The discovery of deterministic chaos raises a series of challenges to the theoretical framework of mainstream economics. For example, both macro and micro economics are dominated by one-body models, such as the representative model and island economy (Lucas 1981). The central argument in the Coase theorem is based on a two-party bargaining model that cannot address the contemporary issue of expanding governments and the growing complexity of legal systems (Coase 1960). The parametric approach in econometrics can only work with integrable systems when analytic solutions for dynamical systems exist. However, we have little evidence that economic systems are integrable systems. 

(2.5) Uncertainty Principle and the Time Window in Empirical Observation

One of the major difficulties in economic study is non-stationarity in an evolving economy. Stationary time series analysis has limited applications in econometric research. The uncertainty principle in time and frequency is very important in signal processing (Qian and Chen 1996):
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Here, f is the frequency and t is time. Minimum uncertainty occurs for a wavelet with the Gaussian envelope. This is the very foundation of time-frequency distribution analysis.

According to the uncertainty principle, a better resolution in time will be at the cost of the worse resolution in frequency. This is a trade-off between technical and fundamental analysis. The so-called efficient market characterized by a short-correlated time series is a biased picture in a short time-window (the length is just the time unit) through the high-pass band filter (i.e. a noise-amplifying device in the whitening process). To study a business cycle in the range of 2 to 10 years, we need monthly or quarterly data under the low-pass band filter. The role of the time window plays a critical role in the choice of detrending or observation reference. 

Theoretically, discrete-time and continuous-time models may have qualitatively different dynamics. For example, the overlapping generation model is not capable of studying business cycles because the time scale of a generation is much larger than the average period of business cycles. A stable dynamical pattern should be independent of the time unit in mathematical representation. That is why all physical laws are formulated in continuous-time since Newton invented calculus. The arbitrary choice in time unit is a major source in conflicting theoretical behavior and statistic tests. 

From the above discussions, we can see why the linear equilibrium framework is a poor approximation to a real economy. Complex economic dynamics provides a key to understanding division of labor and business cycles.

III. Culture Competition and Technology Expansion: The Division of Labor Is Limited 

       By the Market Extent, Resource Variety, and Environment Uncertainty

Adam Smith pointed out that the division of labor was limited by the extent of the market (Smith 1776). However, increasing returns to scale implies monopoly, which is not compatible with the invisible hand of a competitive market. We face a fundamental problem of the Stigler dilemma (Stigler 1951). 
There are many aspects of division of labor that are interesting in economic studies. Currently, monopolistic competition and increasing returns to scale are integrated into the optimization approach (Dixit and Stiglitz 1977). Positive feedback and path-dependence was studied in stochastic models of technology competition for market shares (Arthur 1994). Transaction costs and coordination costs certainly play roles in institutional arrangement [Yang and Borland 1991, Becker and Murphy 1992]. However, the essence of scientific and industrial revolutions is opening up new resources, not just an efficient utilization of existing resources for production and consumption. The risk-adverse preference and profit-maximization behavior in neo-classical models is not sufficient in understanding activities of entrepreneurs. 

The division of labor covers a wide range from firms to civilizations. On the scale of civilizations, Needham noticed that science and capitalism emerged in Western Europe rather than in China or other civilizations (Needham 1951). Resource expansion by geographic discoveries and technological revolutions was a driving force in the emerging capitalist world system. China’s involution towards self-sufficiency was shaped by intensive agriculture under resource limits and a changing environment (Chen 1991). For example, from the 3rd century B.C. to the 19th century, there were 13 periods of large-scale wars with a population reduction of more than one third in Chinese history, but only once (the black death) in West Europe. The frequency and intensity of ecological crises in China was also much higher than that of Western Europe. 

On the scale of firms, waves of mergers and breakups in competing industries signal a two-way stream in structural changes. Vertical disintegration in growing industries and vertical integration in declining industries are typical phenomena in business cycles (Stigler 1951). These observations raise the issue of simplicity and stability under a changing environment.

In this section, we will introduce a logistical model of economic growth and a dynamical model of competition for resources. The emergence of division of labor is associated with resource expansion by a risk-taking culture (Chen 1987). We see a trade-off between stability and complexity or security and opportunity in evolutionary dynamics. 

(3.1) Resource Limitation, Logistic Growth, and Market Competition

The market extent can be described by a population size or resource ceiling N. Technology progress is essentially an information diffusion process. In a decentralized market without a central innovation source, the logistic equation can be applied to information dynamics (Bartholomew, 1982):
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Eq. (3.1) is directly borrowed from population dynamics. Here, n is the number of knowers or the occupied market share,  (N-n) is the number of learners or unoccupied market share, k is the growth rate or learning rate, R is the removal rate or exiting rate.  Its solution is a S-curve, which is limited by the market extent or resource ceiling N. The logistic curve has a varying (first increasing then decreasing) return to scale. Under this formulation, the extent of the market N plays a key role in characterizing a specific technology under certain ecological and social conditions. N is the function of existing technology, population size, resource limit, and cost structure. Any technology in production has its market limit. Modern economy is characterized by a sequence of technology advances. Each technology lifts the market extent to a new level.

When there are two competing technologies, their market extents are characterized by their resource ceilings N1 and N2. The competition equation in population dynamics can be used for competition in market share and resource (Pianka 1983).
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Where n1, n2 are population of species 1 and species 2; N1 and N2 is their carrying capacity of resource; k1 and k2 their growth rate; R1 and R2 their removal rate; 
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 is the overlapping coefficient in market or resource competition ( 0 (
[image: image8.wmf]b

  ( 1 ). When 
[image: image9.wmf]b

 < 1, the two species can co-exist. We may characterize the industrial revolution by its new stage of a resource ceiling or market extent. Therefore, stages of economic growth (Rostow 1990) can be described by the old technology replaced by a new technology (Fig. 2).
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Fig. 2. Staged economic growth described by the technology-resource competition model. The output envelope is the sum of competing species. In this simulation, we choose 
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Illustrated in Fig. 2, we can decompose a seemingly continuous growth into a sequence of staged growth. A Kondratieff long-wave can be described by a logistic growth. Industrial revolution is characterized by a emergence of new technology, which opens a new resource for economic expansion. The most visible example is the leading technology in the energy sector. The first industrial revolution was led by the steam engine which used wood or coal. The second industrial revolution was driven by new engines using electricity or petroleum. Under dynamical competition for resources and markets, the new technology may not only be a substitute for the old technology, it may finally replace the old technology, when the old technology cannot coexist with the new one.

From Eq. (3.2), we have the well-known “competition exclusion principle” in theoretical biology.  It is said that two species cannot coexist if they use the same resource (
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 = 1). Therefore, complete competitors cannot coexist. It implies that the number of species should equal the number of resources. This principle raises a fundamental problem in theoretical ecology, because the definition of species and division of resources are arbitrary (Pianka 1983). There are similar problems in the theory of complete markets. Equilibrium in the asset market is defined by the absence of arbitrage opportunity, that implies a rule of linear pricing (Ross 1976).  In other words, the number of prices should be equal to the number of assets in market equilibrium models. We may solve this problem in section (3.5).

(3.2) The Needham Question and the Chaunu-Wallerstein Puzzle

Needham once asked an interesting question: Why did capitalism and modern science originate in West Europe and not in China or other civilizations (Needham 1954, Chen 1991)? The Needham question is also related to the Chaunu-Wallerstein puzzle (Wallerstein 1974). Historians were perplexed by a striking contrast between European and Chinese civilizations around the 15-th century. It was not the Chinese but the Europeans, who expanded overseas fervently, when the Chinese had a higher population density and Europeans had more land resources. As Chaunu put it: “If Europe lacks space, China lacks men . . .” 

European expansion since the 15th century was under the banner of seeking existence space. It seems that Europeans needed a much larger existence space than the Chinese. People often attribute the diverse behavior to cultural differences. An alternative explanation is that the size of existence space is determined by the food structure and ecological constraints (Chen 1991). China and West Europe are similar in size but quite different in landscape and climate conditions. China’s plain and arable land is much smaller than those of Western Europe. Essentially, the Western civilization is based on land-extensive and labor-saving pastoralism of a cattle economy while the Chinese civilization is based on land-saving and labor-intensive agriculture of grain production (Chen 1987, 1991). The risk-taking culture is rooted in resource-expansion technology. This is a key to understanding the origin of capitalist economy and industrial revolution.

(3.3)  Learning by Trying: Risk-Aversion versus Risk-Taking Behavior

 The culture factor plays an important role in capital accumulation and corporate strategy. For example, Japanese culture is less individualistic than American in social behavior. There is a great variety in the degree of “individualism” among Eastern and Western cultures. An one-dimensional model of the degree of individualism, such as an axis ranging from highly individualistic European countries and the US at one extreme to the collective society of honey bees at the other can be visualized. Both risk-aversion and risk-taking strategies are observed during learning by trying when competing for an emerging market or new technology (Fig. 3).  
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(a). Risk-aversion behavior.
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(b). Risk-taking behavior.

Fig. 3. Risk-aversion and risk-taking behavior in competing for market share and technology development.

When facing an unknown market or unproved technology, risk-averting investors often follow the crowd to minimize the risk, while risk-taking investors take the lead to maximize the opportunity. A critical question is: Which corporate culture or strategy can win or survive in a rapidly changing technology and evolving market?

The original logistic equation describes a risk-neutral behavior by assuming a constant removal rate. Because of diversifying behavior, we introduce a nonlinear removal rate as a function of the learner’s population ratio and the behavioral parameter a (Chen 1987):
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Where -1< a < 1.

We may consider the constant r as a measure of the learning ability or degree of difficulty in studying a new technology.  The factor a is a measure of risk orientation, which is an indicator of corporate culture or individual behavior.   

If a > 0, it is a measure of risk-aversion or collectivism. When few people enter the new market, the departure rate is large. When more and more people accept the new technology, the departure rate decreases. On the contrary, if a < 0, a is a measure of risk-taking or individualism. When varying a from minus one to plus one, we have a full spectrum of varying behavior, from an extreme conservatist to an extreme adventurer.

(3.4) Resource-Saving and Resource-Consuming Cultures
Different risk-attitudes lead to a different efficiency of resource utilization and market crowdedness. The equilibrium rate of resource utilization can be calculated from the combined Equations of (3.1) and (3.3): 
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So we have
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We can see that the resource utilization rate of the conservative species (
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) is higher than those of the individualist species (
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).  Therefore, the individualist species needs a larger subsistence space than a conservative one in order to maintain the same equilibrium size n*.  Therefore, individualism is a resource-consuming culture while collectivism is a resource-saving culture. This is a possible explanation to Chaunu-Wallerstein puzzle. Cultural difference is rooted in resource variety and technology diversity.

(3.4) Market Extent and Market Stability under Environmental Shocks

Let us consider a single species. By means of the Langevin equation and Fokker-Planck equation, we may consider a stream of random shocks adding to the carrying capacity (market extent) N. We calculate the realized population size or market extent under a fluctuating environment. The realized equilibrium size Xm is reduced by a fluctuating environment, which is described by the variance of shocks 
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There is a fundamental problem in theoretical ecology and cybernetics: What is the relationship between complexity and stability? Some biologists believe in their positive correlation: A more complex ecological system with more species must have a higher stability than a simpler system with less species. The doctrine of “the survival of the fittest” seems to imply that the fittest must be stable. However, mathematical simulations in cybernetics and mathematical biology always have negative correlations (May 1974). We call this a complexity puzzle. This puzzle can be clarified from the above discussion. Contrary to the belief of these biologists, the results of math simulations are reasonable. Evolution from simplicity to complexity does decrease the system stability, but also increases the potential of further development. 

If there exists some survival threshold in population size, then the conservative species has a better chance of surviving under external shocks because of its larger population size. Obviously, the World Trade Center in New York is more vulnerable to a terrorist bombing than a primitive village. 

(3.5) Resource Variety and the Degree of Division of Labor

 In an ecological system with L species whose resource capacities are N1, N2, . . . NL, we can easily describe the economy of scope and scale by a set of logistic-type equations. Here, the market extent is represented by the resource capacity N, while the scope of economies is described by the number of species L. The division of labor can be characterized by the coexistence of competing technologies or cultures. Based on the competition model, the scale and scope of division of labor is associated by the market extent N and resource variety L. 

Let’s start from the simplest case with only two species. When  is zero, there is no competition at all; and the two species grow to their maximum population N1 and N2. When  is not zero, the result of the competition between the two species depends on the parameters and their initial condition: they may coexist or one may expel the other. 

Two species with competing cultures can be changed into the following equations (Chen 1987):
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Here n1, n2 is knowers in species one and species two respectively. We also take =1 for simplicity.

The coexistence condition is:
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(3.8)

Under the new theoretical scenario, we immediately find that two individualist species may coexist. However, two conservative species cannot coexist; when they compete for the same resource or market niches, the only result is one replaces the other. Therefore, division of labor cannot emerge in a conservative society. This is a possible answer to Needham’s problem: Why did capitalism and modern science originate in the West and not in China (Chen 1991). 

What would happen when an individualist species competes with a conservative one? If two species have equal resources ( N1 = N2 ), then, the conservative species will replace the individualist one. So, the only survival strategy for an individualist species in competing with the conservative is to explore a larger resource (a larger N). If we consider entrepreneurship as a risk-taking culture, then we may reach a similar conclusion to Schumpeter’s that constructive innovation is vital for capitalism in the competition between socialism and capitalism. Once innovations fail to discover new and larger resources, the individualist specie will lose the game to the conservative in the competition for existing markets. 

The rise and fall of the Soviet Union can be explained by the comparative advantage of collectivism in the second industrial revolution led by the steel industry and the comparative advantage of individualism in the third revolution led by the computer technology. 

The learning competition model overcomes the difficulty of the “competition exclusion principle.” According to the ecology competition model, competitors cannot coexist in a risk-neutral society when the overlapping coefficient =1 in Eq. (3.2). In our culture competition model of Eq. (3.7), the outcomes of competition between two species not only depend on the ecological parameter, such as the carrying capacity Ni, but also depend on the behavioral factor ai. Therefore; the number of species may not be equal to the number of resources. Nonlinear theory may shed light on the mechanism of price differentiation. 

(3.6) Corporate Strategy and Trade-Off between Stability and Complexity 

In our model of division of labor, the unpredictable uncertainty of emerging technologies creates market diversity. If we study the competition equation under a fluctuating environment, we can see a trade-off between security and opportunity under random shocks (May 1974, Chen 1991). We observe that smaller firms are more flexible while larger firms are more stable. We may also speculate why the Chinese Empire lasted much longer than Greek city states. 

From the above discussions, we have a new understanding in corporate structure and comparative strategy. The Stigler dilemma implies that small competitive and large monopoly firms cannot coexist in equilibrium economics (Stigler 1951). This is not true in evolutionary economics because of the trade-off between stability and complexity. We propose a generalized Smith Theorem: the division of labor is limited by the market extent, resource variety, and environment fluctuations. We discuss some applications below.

Based on the generalized Smith theorem, we can easily explain why China’s simple society with its self-efficient agriculture was the natural outcome of limited land resources and the large uncertainty in natural and social environments; while the origin of division of labor and capitalism resulted from resource expansion and relative moderate fluctuations in natural and social environment in West Europe. The bifurcation point was about the 13th to 15th century, when Black Death stimulated labor-saving innovations and the spice trade led to geographic discovery and the expansion of a world market.

Some puzzles in transition economies can also be understood from the perspective of complex systems. The collapse of the Soviet economy and success in China’s reform are two polar cases in transition economics. An extreme division of labor characterized the Soviet economy with little redundancy and competition. Once a link in the economic chain had a problem, the entire system would break down. On the contrary, once China’s open-door policy breaks regional protectionism, China’s self-sufficient regional economies face strong outside competition. Therefore, the existence of competing firms is the precondition for a successful market reform.

Based on the trade-off between stability and complexity, we may have a new understanding on causes of mergers and breakups. Increasing efficiency and market power is often considered as main reasons for merger activities (Carlton and Perloff 1994). We offer a third cause in merger or spin-off waves. Mergers for business consolidation and sell-off for returning to core-business often arise in an economic downturn or saturated market because large firms with concentrated resources have a higher stability of surviving. Conglomerate mergers for business expansion and spin-offs for new industry generally appear in an economic upturn or an emerging market, since small firms create more flexibility and potential to grow.

Timing is also critical in choosing a corporate strategy. An aggressive approach can be successful if it makes use of new technology and emerging markets; a conservative strategy may survive if it faces a stagnated market or severe uncertainty. There is no sure winner in who might dominate an industry forever. We can see why America is a leader in the computer industry, while the Japanese dominates in electronic home appliances. Innovation speed and culture orientation do matter in the technology race.

IV. Linear Simplicity and Equilibrium Fallacies in Business Cycle Theory:

      The Mystery of Large and Persistent Business Cycles       

Business cycles have been well documented in modern economies (Zarnowitz 1992). Business  cycles are very complicated because of its changing trends, recurrent patterns and erratic amplitude. The nature of business cycles is an unsolved issue in macroeconomics. There are three competing approaches in business cycle theory. External noise plays a key role in the Frisch model of a noise-driven damped oscillator, which dominates in macro econometrics (Frisch 1933). Fluctuations at the micro level is the ultimate cause in the Lucas model of business cycles, which is influencial in macroeconomics since 1970s (Lucas 1981). Endogenous cycles are represented by linear and nonlinear deterministic oscillators including harmonic cycle, limit cycle, and color chaos in business cycle theory (Samuelson 1939, Goodwin 1951, Chen 1988). 

In this section, we will show that the Frisch model cannot generate persistent cycles and the Lucas model cannot explain the large amplitude of business fluctuations. Linear models of business cycles, such as the Samuelson model and the unit-root model, have a common problem of structural instability. 

Two thought experiments, the Ricardo device and Friedman spirits, raise serious doubts about the existence of nonequilibrium structures and nonlinear patterns in market economy. Their logic is parallel to some thought experiments in the history of science, such as the Loschmidt paradox and the Maxwell demon in statistical physics. The common flaws are their ignorance of information cost and dynamical complexity. We will examine the main limitations of linear models and equilibrium thinking in business cycle theory.

(4.1) Linear and Nonlinear Trends in Changing Economy

In industrial society, the most striking feature of economic movements is the constant growing trend plus complicated fluctuations in most economic indicators. The non-stationary feature of economic growth imposes a great challenge to theoretical economics: How to identify some stable patterns from an evolving economy?

Measurement and theory cannot be separated from each other.  An oversimplified theory may greatly distort the measurement. There are two conflicting perspectives in financial markets: the fundamental school mainly concerns the long-term trends and short-term fluctuations while the technical school focuses on the medium-term wave-like patterns. The dynamic patterns from competing observation references can be seen in Fig. 4. As an example of a market indicator, the FSPCOM monthly index (also known as Standard & Poor 500 composite) is a popular value-weighted index, including the stock prices of the 500 largest corporations.

In econometrics, a linear stochastic filter of first differencing or pre-whitening is widely applied to obtain an equilibrium picture of economic fluctuations. The resulting time series are erratic and short-correlated (Fig. 4b & 4c). The random walk model with a constant drift is also called the unit-root model in macro econometrics (Nelson and Plosser 1982). 

In neo-classical growth theory, the equilibrium path is characterized by an exponential growth. Correspondingly, the logarithm of macroeconomic indicators should follow a linear trend. The resulting cycles are long-correlated. Here LLD stands for log-linear detrending. The problem is that the measurement of average growth rate and cycle variance depends on the choice of time boundaries. Non-stationarity is the main problem in econometric analysis.

An intermediate trend between FD and LLD is a nonlinear smooth-trend obtained by the HP (Hodrick-Prescott) filter in the real business cycle literature (Hodrick and Prescott 1981). Its correlation time is in the range of NBER business cycles of about 4 years (Chen 1996a).
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(a). The HP trend and LLD (log-linear) trend for X(t) {= log S(t) }. S(t) is the original time series. LLDc cycles are residuals from the log-linear trend.
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(b). Detrended cycles from competing detrending references.
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(c). Autocorrelations of detrended cyclic series. The length of correlations varies for competing detrending references.

Fig. 4. Fluctuation patterns from competing trend-cycle decomposition, including FD, HP, and LLD detrending, for the logarithmic FSPCOM (Standard and Poor 500 index) monthly series (1947-92). N=552. Our data source is Citibank.

In Fig. 4 we can see that the observed pattern and magnitude of correlation and variance depend on the choice of observation reference trends (Table I). The LLD indicates the largest time-window of the entire observational period. The FD or so-called unit-root model in econometrics implies the shortest time-window of one time unit in business observation when macroeconomic trends are completely ignored. The HP implies a medium time-window in the range of business cycles about eight years.

Table I. Detrending statistics for FSPCOMln Monthly (1947-92)

Detrending
Mean
Std
Variance
T0 (month)
Pdc (year)

FD
0.012
0.1123
0.0126
  1.94
  0.7

HP
0.008
0.2686
0.0722
  8.93
  3.0

LLD
0.427
0.3265
0.1066
85.6
28.5

Here, T0  is the decorrelation length measured by the time lag of the first zero in autocorrelations, and Pdc is the decorrelation period for implicit cycles: Pdc = 4 * T0.
The nature of business fluctuations from competing detrendings is quite different. For a FD observer, the variance is the smallest among three detrended series, and correlations are the shortest. For a LLD observer, the variance is the largest, and the correlation period is close to 29 years. The HP results are between the two extremes. We will show that the HP trend is better than the others in giving a consistent picture of business cycles. This finding reveals the critical role of the time scale in choosing observation windows and reference trends.

(4.2) Frisch Fantasy of Noise Driven Cycles: 

A Perpetual Motion Machine of the Second Kind?

The so-called Frisch model of business cycles has a dominating influence in macro econometrics and the real business cycle school. In an informal conference paper in 1933, Frisch suggested that a damped oscillator could describe the stable property of a market economy. He further claimed without analytical proof in his talk that persistent business cycles could be maintained by persistent shocks (Frisch 1933). This is the problem of Brownian motion for a harmonic oscillator. Physicists solved the problem analytically in 1930 and refined it in the 1940s (Uhlenbeck and Ornstein 1930). Their conclusion is contrary to the Frisch fantasy: the harmonic oscillation will rapidly be dampened in an exponential way. Persistent cycles cannot be maintained by random shocks. The relaxation time 
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 and intrinsic period T can be estimated from observed autocorrelations (Chen 1999a):
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Where 
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We can define a gain factor as the ratio between the standard deviations of the residuals and the noise:
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(4.2)

For the Brownian oscillator model of the logarithmic US real GDP data in billions of 1987 Dollar, the length of intrinsic period T and the relaxation time 
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 depend on the choice of the observation reference system. The main results are in Table I:

Table II.  The Frisch Model for US GDPQln Cycles (1947-1995)

Detrending

T (yr)
T1 (yr)
T(yr)

g

FD
1.0
  3.3
  3.5
  2.0
0.010
 0.75

HP
0.2
  4.7
  4.9
  4.9
0.018
 2.5

LLD
0.033 
50
50
60
0.049
61

Where,  is the friction coefficient,  is the standard deviation. Our data source is Citibank.

From the Table II, the relaxation time T is the shortest for FD but the longest for LD. Among them, only the FD filter has a damping effect to external noise. This feature adds an additional difficulty to the FD. We may disregard the results of LLD cycles, since its gain factor is unrealistic. The harmonic oscillator driven by FD or HP cycles will cease its harmonic oscillation within two cycles. 

Clearly, the equilibrium perspective does not provide a possible explanation for macro fluctuations. Equilibrium economists prefer FD detrending because of its history-independence and white appearance. What they need is a large external noise source, whose standard deviation is about 130 % for FD and 40% for HP detrending of the standard deviation of the US real GDP. In both cases, American business cycles would cease within 4 to 10 years, respectively. Therefore, only a nonlinear oscillator provides a hope for modeling persistent cycles. We will discuss the color chaos model in section 5.

For some unknown reason, Frisch quietly abandoned his model as early as 1934. Frisch’s promised paper with analytical proof, “Changing harmonics studied from the point of view of linear operators and erratic shocks,” was advertised three times under the title “papers to appear in early issues” in Volume 1 of Econometrica, including Issue No. 2, 3, and 4 (April, July, and October in 1933), but disappeared since Volume 2 (in 1934). In fact, the promised paper never did appear. Remember, Frisch himself was the editor of the newly established flagship journal for the Econometric Society. More surprisingly, Frisch never mentioned a word about his prize-winning model in his Nobel speech.

It is a mystery why the first Nobel Prize in economics was awarded to an unproved fallacy and why Frisch never made his view public since 1934. If Frisch could use random shocks to generate persistent cycles, it would imply a perpetual motion machine of the second kind in thermodynamics. It will violate the second law of thermodynamics.

 (4.3) Lucas Fallacy of Micro Foundation and the Pattern of Large Numbers

The new classical school called for a micro foundation of macroeconomics. Their impact has dominating in macroeconomics since 1970s. Lucas suggested that independent fluctuations at the household and firm level could generate large fluctuations in a macro economy (Lucas 1981). More specifically, the intertemporal substitution between good and leisure at the worker level will generate large fluctuations in aggregate employment. He simply ignored the pattern of large numbers and the essential difference between one-body and many-body problems (Chen 1999b). 

To explain a macroscopic movement by its microscopic mechanism is a matter of underlying structure. For example, there are about 1024 molecules in a mole of gas. The relative magnitude of density fluctuations caused by thermal movements is only about 10-12 (Reif 1964). That is why macroscopic variables of temperature, pressure, and density in weather forecasting are described by deterministic equations such as in fluid dynamics and thermodynamics. There is a similarity between macroeconomics and weather dynamics.

As a first approximation, we may consider a macro economy as a static system with N identical producers or consumers. Their outputs are Xi, i = 1, 2, … N. The total output is SN = X1+X2+ . . . . .+XN. We assume that fluctuations in a firm’s output or household’s working hours follow an identical independent distribution. Its mean is , its standard deviation is . Based on the law of large numbers and the central limit theorem in probability theory, the mean of the aggregate output is N, while its variance is N2. So we can define the relative deviation ( rld =  ) by the ratio of the standard deviation { std (S) = } to the mean ( = ) when its mean is not zero:
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Economists may argue that modern economy is not a stationary process. For internal fluctuations, we consider a linear birth process for economic growth. The relative deviation can be obtained as follows (Chen 1999b):
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Where N0 is the initial population size.

Comparing Eq. (4.4) with Eq. (4.3), the stochastic dynamical model of linear growth introduces a more specific factor of 
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We can define an implied number N*, which is the upper bound of the number of elements in the system:
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Generally speaking, the relative deviation for aggregate fluctuations of N statistically independent elements is about
[image: image45.wmf]N

1

 when its mean is not zero. We call this rule The Pattern of Large Numbers or the Pattern of 
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 for simplicity. From the empirical observation of relative deviation, we can estimate the implied number N* of the system. The relative deviation is a very useful measure for a wide class of systems with positive ranges of variables, such as density, energy, frequency, population, output, and price.

Empirical measurement of macroeconomic relative deviation depends on the model of economic movements and the reference system in observing non-stationary business cycles. Take the time averaging over the period of 1947-1995 as an example of the US economy. Table III shows the results for the US real GDP, real consumption, real domestic investment, no-farm hours, and the unemployment rate. Here, ST stands for the static model without detrending. Under the HP reference system, the relative deviation is measured by the ratio of the standard deviation of the cyclic components to the mean of the trend components. The ST and HP figures are given as the upper and lower bound of the relative deviation, which is calculated with a 10-year moving time window.

Table III. The Relative Deviation  (1947-95) under ST and HP References

 (%)[N*]
GDPQLn
GCQLn
GPIQLn
LBMNULn 
LHUR

ST
1.2 [7,000]
1.4 [6,000]
2.2 [2,000]
1.1 [8,000]
21.0 [20]

HP
0.22 [200,000]
0.16 [400,000]
1.3 [6,000]
0.43[50,000]
N/A

Where GDPQ is the US real gross domestic product in 1987 US dollars, GCQ is the real total consumption, GPIQ the real domestic investment, LBMNU the hours of non-farm business, and LHUR the unemployment rate series since 1948. The implied numbers are rounded with one effective figure.  

The relative deviations in the US economy are quite large. Its magnitude is in the range of 0.2 to 20 percent; its implied number is between 20 and a half millions. How can we associate these figures with the actual numbers in the US economy (see Table IV)?

Table IV. Numbers of Households and Firms in 1980 of the US Economy

Micro-Agents
Households
Corporations*
Public Companies

N
80.7(million)
2.9(million)
20,000

*(%)
0.01
0.1
0.7

Here, the potential relative deviation 
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, the numbers of corporations are those with more than $100,000 in assets, the stocks of public companies were traded on the market. The data source is the 1980 U.S. Bureau of Census. 

 From Table III and IV, we can see that the relative deviation for real GDP is 20~100 times larger than the potential relative deviation generated by households; and the relative deviation for real domestic investment is 10~20 times of that possibly generated by corporations; the implied number from the hours of non-farm business are 10,000 to 50,000 times less than the number of households. No reasonable number could explain the large relative deviation of the unemployment rate. We can conclude that fluctuations in households are not capable of explaining the large relative deviations in macroeconomic indexes such as the real GDP, real consumption, and the unemployment rate. Persistent unemployment, such as in the Great Depression, could not be explained by voluntary choices of workers in the labor market. There is the evidence that financial intermediate and industrial organization play a more important role than households and firms in generating business cycles with large relative deviations.

A further examination of the Lucas model of intertemporal substitution between goods and leisure reveals fundamental flaws in theoretical thinking. In the Lucas island economy, identical agents believe and act perfectly correlated under the rational expectations. If these agents are statistically independent and a future economic path is predictable under the rational expectations hypothesis, arbitrage activity will eliminate correlations among agents during relative price movements caused by these rational responses, so that the aggregate effect of output fluctuations is still under the constraint of the pattern of large numbers (Chen 1999b). Therefore, the equilibrium framework of an efficient market, rational expectations, and microfoundations is not capable of explaining the observed large order of macro fluctuations. 

The representative-agent model in real business cycle literature has focused on the relative magnitudes (measured by the standard deviation of cyclic components) of various macro indicators to that of the US real GDP. Their work would be useful, if their model could simulate some sector features. The question remains how can the representative-agent model resemble a sector behavior. 

(4.4) Linear Models and Structural Instability 

The structural stability of a market economy is hard to explain within the framework of linear dynamics. For example, the periodic motion in the linear accelerator-multiplier model and the persistent shock in the unit root model only have marginal stability in parameter space (Samuelson 1939, Nelson and  Plosser, 1982). A well-known linear deterministic model is the Samuelson multiplier-accelerator:
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 (4.8)

Where, Y is income, G government expenditure, C consumption, I investment, a, b, G are constants. We have a second order difference equation. The structural stability in parameter space can be seen in Fig. 5. 
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Fig. 5. Stability pattern of Eq. (4.8) in parameter space. Here, ST denotes the stable solution converging to steady state; DO, damped oscillation; EO, explosive oscillation; EP, explosive solution; PO, linear periodic oscillation.

We can see that the periodic regime PO has only a marginal stability on the border line between DO and EO. A small deviation from PO in parameter space will lead to damped or explosive oscillations. The stochastic unit-root model in econometrics has similar marginal stability at the unit circle (Nelson and Plosser 1982). The problem of structural instability is common for linear models. In the real world, a market economy is very resillient under various shocks. This is why the linear model should be replaced by the nonlinear model, which will be discussed in the section 5. 

(4.5) Monetary Neutrality and Coordination Cost: 

Ricardo Device, Loschmidt Paradox, and Uneven Distribution 

The Ricardo device is a thought experiment to justify the neutrality of money. Here, thought experiments are named by their authors in parallel to the convention in science. The Ricardo device is the hypothetical operation of doubling overnight the cash holdings of all business enterprises and households without changing relative prices. It means that all supply and demand functions are a homogeneous function of zero degree (Leontief 1936). Friedman also suggested a similar device of a money-throwing helicopter (Friedman 1992). The Ricardo device can only work in a primitive economy without an uneven distribution of wealth. Both of them ignored the redistribution problem in an unequal society. In a political economy, the Ricardo operation implies a progressive subsidy or degressive taxation, which is non-operational in parliamentary politics. 

The Ricardo device in economics is very similar to the Loschmidt reversibility paradox for challenging Boltzmann’s H theorem of thermodynamic irreversibility (Brush 1983). Loschmidt argued that one should be able to return to any initial state by merely reversing all molecules’ velocity under Newton’s law. The problem is the huge coordination costs. As noted by Boltzmann in 1877, the possibility of reversing all the initial conditions is very unlikely in dealing with a large system with many particles. The empirical and theoretical evidence of monetary chaos indicated that monetary movements are endogenous in nature, which is a serious challenge to the neutrality of money (Chen 1988, Barnett and Chen 1988).

(4.6) Rational Arbitrager and Non-Replicative Patterns:

Friedman Spirits, Maxwell Demon, and Information Ambiguity
Friedman spirits are rational arbitrageurs who wipe out any destabilizing traders on the market (Friedman 1953). It implies that any stable structure or replicative pattern cannot exist in a competitive market, which is the main argument for the efficient market hypothesis or the random walk model of financial markets.

Friedman spirits behave much like the Maxwell demon in equilibrium thermodynamics. The Maxwell demon is an imaginary gatekeeper trying to create non-equilibrium order from an equilibrium state by operating a frictionless sliding door between two chambers that are filled with moving molecules. Maxwell assumed that his demon had perfect information about the speed and position of all molecules such that he could only allow a fast molecule into a designated portion by opening or closing the valve in perfect timing. Therefore, by utilizing information in a smart way, the Maxwell demon could create a temperature difference without doing work, that outcome is contrary to the second law of thermodynamics. The problem is the information cost. 

Friedman spirits face a similar problem as the Maxwell demon but in an opposite situation. The task of the Friedman spirits is trading against the wind to restore market equilibrium. To eliminate any market instability, Friedman spirits need perfect information and unlimited resource. However, informationally efficient markets are impossible because of the information cost (Grossman and Stiglitz 1980). Under financial constraints, the Friedman spirits may seek profit opportunity by jumping the wagon first (De Long, Shleifer, Summers, and Waldmann 1990). 

In addtion to the information cost, there is an even greater problem of information ambiguity induced by the complexity of unstable dynamical systems. Friedman assumed that a winner’s imitator could quickly replicate the winning pattern and drive down the profit margin to zero. This scenario could be true only if the destabilizing pattern were exactly predictable and replicable. This is unlikely because of imperfect information (having only finite data with significant noise and time delays), information ambivalence (in face of conflicting news and misinformation), unpredictable events (such as a financial crisis and an evolving economy), and limited predictability (in the case of deterministic chaos). The critical issue of information ambiguity is associated with bounded rationality caused by computational limitation and dynamical instability (Simon 1957, Prigogine 1993). 

V. Persistent Business Cycles and Economic Organisms: 

Nonlinear Trends, Color Chaos, and Random Noise
From the above discussion, we already see that linear models cannot provide a comprehensive picture of persistent business cycles. A fundamental difficulty in analyzing business cycles is the non-stationary nature of economic aggregate data. Conventional tools of correlation analysis and spectral analysis are not capable of detecting structural changes. In this section, we will develop the nonlinear economic dynamics of business cycles. We introduce new concepts of time-frequency analysis and color chaos.

(5.1) Separating Noise and Cycles in Time-Frequency Space

For analyzing a time-dependent series, we introduce a new analytic tool, the joint time-frequency analysis (Qian and Chen 1996, Chen 1996a,b). A time-varying filter in a two-dimensional discrete time-frequency space can be applied for separating cycles and noise. Its localized bases are the harmonic waves modulated by a Gaussian envelope. The filtered and unfiltered HP cycles are shown in Fig.6. The deterministic pattern of filtered HP cycles can be clearly seen from the phase portrait in Fig.7.
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Fig. 6.  The filtered FSPCOM HP cyclic series Xg closely resembles the original time series Xo. The correlation coefficient between Xg  and Xo is 0.85. The ratio of their standard deviation is 82.8 %. The correlation dimension of Xg is 2.5.
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Fig. 7. The phase portraits of the unfiltered (the left plot) and the filtered (the right plot) FSPCOM HP cycles.  The time delay T is 60 months. 

The phase portrait of filtered FSPCOM HP cycles shows a clear pattern of deterministic spirals, a typical feature of color chaos. Color chaos here refers to the nonlinear oscillator in continuous time. Color means a non-flat spectrum in frequency analysis. Standard tests in nonlinear dynamics show clear evidence of deterministic chaos from filtered time series. The fractal dimension of FSPCOM data is about 2.5. 

(5.2) Natural Experiments in an Economic Clock: 

Intrinsic Instabilities and External Shocks in Evolving Economies 

According to new classical economists, business cycles are all alike, because they are driven by random noise (Lucas 1981). A characteristic frequency or its corresponding characteristic period Pc can be defined in a time-frequency representation. From new observations in time-frequency analysis, we find that business cycles are not all alike. For example, the hard cycles of investment and consumption are distinctive from the soft cycles of monetary indexes. The time-frequency patterns of macroeconomic indicators resemble biological organisms with circulatory and digestive systems. Economic diagnosis can identify specific periods of possible structural changes, such as the Vietnam War in 1970 and other events. Their distinctive patterns reveal valuable information in economic diagnostics and policy studies. 

Our picture of an economic clock is a dramatic contrast with those of a random walk in equilibrium economics. Can we conduct some statistical tests to distinguish these two approaches? I am afraid not, because nonstationarity is the main obstacle to the application of statistics. However, the natural experiments of the oil price shock and the stock market crash demonstrate that time-frequency representation reveals more information than white-noise representation (Fig. 8). Shifts in life rhythms may adapt to environmental shocks or adjust to internal changes.

Before the oil price shock in October 1973, the characteristic period of stock market indicators was stabilized at the level of 4.3 years since 1971. After the oil price shock, the characteristic period of HP cycles changed to 3.9 years. Obviously, the oil price shock was the external cause of frequency change in the stock market. 

This may not be the case for the stock market crash in October 1987. There was a long swing of frequency during the 1981-1990 period. For FSPCOM and FSDXP HP cycles, their characteristic period of 3.3 years lasted for two years (1985-86). Then, their characteristic period slightly changed to 3.1 years for FSPCOM (January - December 1987) and FSDXP (January - October 1987), and 2.8 years thereafter. The stock market crash happened at the end of the 10-month "frequency shift." There was a 2-month delay for FSPCOM after the stock market crash. This suggests that the stock market crash is the end of an internal bubble instead of external shocks. 
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(a).  The characteristic periods of FSDXP and FSPCOM were both shifted after the oil price shock in October 1973. It is suggested that external forces, the oil price shock, caused corresponding stock market changes.
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(b).  The characteristic periods of both FSPCOM and FSDXP changed before the stock market crash in October 1987. It is suggested that the stock market crash resulted from some internal instabilities.

Fig. 8. The time evolution of the characteristic period of stock market indicators.

Our finding of persistent cycles supports the biological view of business cycles (Schumpeter 1939):

“Analyzing business cycles means neither more nor less than analyzing the economic process of the capitalist era.

Cycles are not, like tonsils, separable things that might be treated by themselves, but are, like the beat of the heart, of the essence of the organism that displays them.”

(5.3) Color Chaos and Market Resilience 

In addition to stock market indexes, persistent cycles are widely observed from HP detrended economic aggregate indicators, including the gross domestic product, consumption, domestic investment, short and long-term interest rates, monetary supply indexes, the velocity of money, the consumer price index, the unemployment rate, etc. (Chen 1996a). The range of their characteristic period is about three to five years, a common feature of business cycles. The noise component is about 20 to 50%. Certainly, not all macroeconomic indicators behave like biological clocks. Short-term interest rates and foreign exchange rates are very noisy while long-term interest rates have very stable patterns in time-frequency spectra. These information provides valuable guide for macroeconomic study.

The frequency stability of economic indicators is remarkable. For most economic data tested above, the relative deviation of instantaneous frequency, measured by the ratio of the standard deviation to the mean of instantaneous frequency, is less than 50 percent. Surprisingly, market resilience is remarkable since most characteristic frequencies are very stable under external shocks and internal instabilities. The average characteristic period Pc for FSPCOM and FSDXP HP cycles is 3.6 and 3.5 years respectively. Their relative deviation of frequency is 25.9% for FSPCOM and 27.7% for FSDXP. The stock market crash in October 1987 led to a 23.1 percentage fall on the level of the S&P 500 index in two months, but only a 6-percentage shift in its characteristic period. 

The existence of persistent cycles in the range of business cycles is strong evidence of economic color chaos. There are mainly three types of nonlinear equations that are capable of generating chaos: nonlinear difference equations that cause white chaos in discrete time, nonlinear differential equations that produce color chaos in continuous time, and nonlinear difference-differential equations that generate color chaos in mixed time (Hao 1990). Introducing the more advanced nonlinear difference-differential equations or delay-differential equations is the key to modeling business cycle phenomena. Delay-differential equations were widely used in theoretical biology, population dynamics, traffic science, and neural networks. The continuous-time color chaos can provide a simple model of complex business cycles with erratic amplitude and persistent frequency. A simpler discrete time white chaos model, such as the logistic map, cannot describe the time feature of business cycles because of its rigid time scale. 

In contrast with the Samuelson model, the soft-bouncing oscillator or “freeway model” can be given by a mixed difference-differential equation (Chen 1988, Wen 1996). Various nonlinear limitations in economic policy are often observed from the target floor and ceiling in investment, monetary control, and exchange rate. The soft-bouncing oscillator in terms of a delay-differential equation is a better alternative for linear models of business cycles. Overshooting and time-delays in nonlinear control can be described by the following equation (Chen 1988, 1993a):
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Where X is the deviation from the desired state (long-run equilibrium or the natural rate); t, the time delay; ((, the target ceiling and floor. The soft ceiling and floor in feedback control is described by a non-polynomial target function.  

We may consider the left-side of Eq.(5.1) as the rate of change in excess-supply, while the right-side has a linear supply function but a nonlinear demand function.  Soft-boundaries can be realized in many economic mechanisms, such as monetary control and the target zone of an exchange rate. 

A color chaos model of the soft-bouncing oscillator has a unified explanation of structural stability and a regime switch (see Fig. 9). We can see the essential difference between the structural stability of the nonlinear periodic mode in Fig. 9 and the structural instability of the linear periodic mode in Fig. 5. Pattern stability can be maintained under external shocks as long as a parameter shift does not cross the boundary, since periodic and chaotic regimes have finite measures in parameter space. A regime switch occurs when an attractor moves into another regime in parameter space. During a regime switch, a small deviation in a parameter may induce a dramatic jump in dynamical patterns, i.e., “a quantitative change to a qualitative change” in the Hegel’s philosophical description. 
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(a). Parameter space for Eq. (5.1).


(b) The expanded regime in (a).

Fig. 9. Stability pattern in parameter space. Here, ST denotes the stable solution converging to steady state; C1, C2, C3 are limit cycles of period one, period two, and period three respectively; CH, the chaos mode in continuous time. The complex regime CP is enlarged in (b) that include alternative zones of limit cycles and chaos (Chen 1988).

Economic movements, like an organism, have their distinct time rhythms. The pattern recognition in economic dynamics will pave the way for economic diagnostics and policy evaluation. 

VI. Conclusion: Understanding Economic Resilience and Culture Diversity

Under the linear and equilibrium perspective, large and small firms, order and instability cannot coexist. Under the nonlinear and nonequilibrium perspective, the trade-off between stability and complexity creates a diversified world. In microeconomics, optimization of resource allocation is a short-term problem in nature. The core issue in mid-term and long-term development is how to develop new technology, open up new resources, and adjust the socio-economic structure accordingly. In these regards, nonlinear constraints in technology and resources, diverse orientations in culture competition, and the changing magnitude of environment fluctuations, play decisive roles in the evolution or devolution of division of labor. The origin of division of labor and capitalism can be understood by resource expansion under culture competition and historical bifurcations. 

If we start from the empirical foundation of persistent business cycles, then, we may develop an evolutionary perspective in a medium-term in addition to a static picture of long-term by the new classical school and a short-term adjustment in Keynesian macroeconomics. The normal state of a macro economy is neither an equilibrium state, nor a temporary disequilibrium, but a coherent organism with life rhythms. Business cycles are not all bad, since they are a driving force in technological advancements and structural changes. Economic downturns help to force out the obsolete technology while economic upturns pave the way for new innovations. Involuntary unemployment is mainly a result of a structural adjustment between and within sectors. Institutional structure and industrial organization have more weight than individual expectations in shaping macroeconomic movements. The usefulness and limitation of government policy can be better understood based on the nature of the economic organism. A color chaos model of a biological clock has both local instability and global stability. The seemingly conflicting features of stability and adaptability in real economies can be synthesized by the concept of economic resilience in nonlinear models.

There is one question left open: What is the link between equilibrium economics and evolutionary economics? One possible answer is that price competition may not play such a dominating role in economic theory. Price competition often dictates the division of an existing market; non-price competition, such as developing new products and new services, is the major force behind a market expansion. Economic metabolism needs both mechanisms in developing coherence and diversity in market economy.

Finally, I would like to quote James Buchanan from his prediction on future economics (Buchanan 1991): 

“The shift toward emergent order as a central perspective will be paralleled by a corollary, even if not necessary, reduction of emphasis on equilibrium models. The properties of systems in dynamic disequilibrium will come to centre stage, and especially as economics incorporates influences of the post-Prigogine developments in the theory of self-organising systems of spontaneous order, developments that can be integrated much more easily into the catallactic than into the maximising perspective. . . . .” 
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