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Abstract
There is no micro foundation for macroeconomic fluctuations based on the law 

of large numbers in probability theory and statistical mechanics. The Lucas model 
of rational expectations is inconsistent with the efficient market hypotheses, 
because arbitrage activities in financial market can eliminate intertemporal 
substitution effect to the macro economy. We need nonlinear macroeconomic 
dynamics and non-equilibrium mechanism to understand observed large and 
persistent business cycles.

Introduction
The rational expectations school called for a microeconomic foundation for 

macroeconomic fluctuations (Lucas 1972, 1981, Lucas and Sargent 1978, 1981). Its 
influence has dominated in business cycle theory since 1970s. Its motivation is 
aesthetic rather than empirical or theoretical. The beauty of general equilibrium 
theory in microeconomics does not render a power in understanding business 
cycles. A close examination of representative models in macroeconomics reveals 
fundamental flaws in theoretical reasoning. Its main arguments are inconsistent with 
the law of large numbers in probability theory and the efficient market hypotheses 
in finance theory (Reichl 1998, Fama 1970).

Empirically speaking, business cycles in market economy have the following 
features (Zarnowitz 1992): First, fluctuations in aggregate economy are quite large. 
Volatility measured by the percentage of standard deviation for the US economy is 
about 1~2 % in real GDP, employment, consumption, and about 8 % in investment
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(Kydland and Prescott 1990). Second, business cycles are low-frequency 
movements. According to NBER chronology, the duration of business expansion 
and contraction varies from 1.4 to 10 years. The average duration of business cycles 
after World War II was 4.4 years in peacetime. Therefore, complex business cycles 
can be described by color noise or color chaos, but not white noise, since their 
frequency spectra are not flat (Chen 1988, 1996a,b). Here, color means a narrow 
frequency band. Third, the growth trend is non-stationary. Logarithmic 
macroeconomic data display nonlinear rather than linear trends (Figure 1). 
Therefore, it is difficult to predict future economic trends or so-called long-run 
equilibrium. All these facts tel! us, economic movements are much more complex 
than physics, chemistry, biology, or even weather movements. For example, 
physicists can maintain a steady flow in laboratory fluid experiment; but economists 
never achieve a constant growth rate. Naturally, how can we then accept a 
theoretical framework in economic dynamics, when it is much simpler than basic 
models in mechanics and chemistry?

year
Figure 1. US Real GDP Time Series with Log-Linear and HP Smooth Trends. 
Here, the straight line represents a constant growth trend in neo-classical 
growth theory. The nonlinear smooth trend is obtained by the HP filter 
(Hodrick and Prescott 1981).

In this short article, we will discuss two critical issues related to the so-called 
micro foundation of macro fluctuations, i.e., business cycles.

First, there is no micro foundation for weather forecasting because of the law of 
large numbers and statistical physics. Similarly, fluctuations in microeconomic 
level are not capable of explaining observed macroeconomic fluctuations.
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Second, the representative model with N agents is a disguised model of one- 
body problem (Lucas 1972). If these agents do act independently, their labor supply 
should be described by N stochastic variables rather than just one stochastic 
variable. With a large number of players in the labor market, arbitrage activity will 
eliminate macroeconomic effect of the labor-Ieisure substitution at the 
microeconomic level (Friedman 1953). Therefore, the logic of the rational 
expectations school in macroeconomics is not consistent with the efficient market 
hypotheses in financial market and microeconomic behavior.

Linear equilibrium models can only generate damped cycles. To understand 
persistent business cycles of low frequency and large amplitude, we must consider 
nonlinear interactions between economic players and the evolving structure of the 
market economy.

I. The Law of Large Numbers and the Relative Magnitude of Fluctuations
Lucas suggested that small and temporary changes in wages can induce a sharp 

shift in aggregate employment (Lucas 1972, 1981), The so-called micro foundation 
of macro economics simply ignores the law of large numbers in probability theory 
and basic theory in statistical physics.

We will discuss two stochastic models of economic growth. First, we will treat 
the macroeconomic system as a static system with random fluctuations. Then, we 
will consider the internal fluctuations in terms of a dynamic stochastic process. For 
the sake of simplicity, we consider only one economic variable, the output. It will 
be not difficult to expend our analysis to include many variables.

1.1 A  Static M odel o f  Econom ic Fluctuations
At a specific time in economic history, we may consider a macro economy as a 

static system with N identical producers. Their outputs are Xj, i = 1, 2, ... N. The
total output is SN = X,+X2+.........+XN. We assume that fluctuation in a firm’s output
follows an identical independent distribution. Its mean is }.t, its standard deviation is 
a. Therefore, the mean of the aggregate output is Np, while its variance is Nct2. We 
can define the relative fluctuation measure of <£ by the ratio of standard deviation 
and mean:

_ JVAR[S„] <j 4 n  C , _ a  <p = 2L LJLi = = _ _  where C = — (1.1) 
mecm[SN ] VN ^

1
Because C is a finite constant, the law obtains for relative fluctuations.

4 n
The assumption is that interactions and correlations among firms can be ignored. In 
other words, we shall treat these firms as ideal gas in statistical mechanics.
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For simplicity, we shall assume C = 1 in the following discussion. Given a 
number of components in a macro system, we can estimate the magnitude of 
intrinsic fluctuation <Pr Correspondingly, from observed magnitude of fluctuations, 
we can calculate an implied number Nj.

According to U.S. Bureau of Census in 1980, the US population was 227.7 
million, the household number was 80.7 million, and the number of corporations 
with more than $100,000 assets was 2.9 million; among them, stocks of more than 
20,000 corporations were traded on the stock market.

If we consider that the household number as the measure of consumption, 
fluctuations in consumer consumption could only produce an aggregate fluctuation 
of 0.01%, 100 times less than the observed fluctuations in aggregate consumption 
and the labor supply. If we consider the firm as the producer unit, its aggregate 
fluctuation is about 0.06%, these magnitudes are 30 to 100 times smaller than the 
aggregate fluctuations in real GNP and investment. Accordingly, the implied 
number for real GDP fluctuations is only 10000! This figure is 300 times smaller 
than the number of corporations and 8000 times less than the number of 
households. Obviously, independent fluctuations in households and firms cannot 
generate the large amplitude of employment and output during business cycles. 
Macroeconomic movements require a much greater need for correlations, such as 
the case when describing fluid dynamics, or the structural mechanism of an 
organism.

This conclusion is consistent with observations in statistical mechanics (Reif 
1964). For example, at room temperature and atmospheric pressure, there are about 
1019 nitrogen molecules per centimeter cube. Although the average speed of 
molecules is as high as 500 meter per second, the relative magnitude of density 
fluctuations caused by thermal movements is only 10'12! That is why macroscopic 
variables of temperature, pressure, and density in weather forecasting are described 
by deterministic equations such as fluid dynamics and thermodynamics at the macro 
level. You do not need quantum mechanics at the molecule level in order to 
understand weather dynamics at the macroscopic scale.

The micro-macro relation in physics established by statistical mechanics has 
been based on the law of large numbers in probability theoiy. Einstein’s theory of 
Brownian motion was motivated by study of molecular structure (Einstein 1926). 
For example, the diffusion coefficient observed at the macro level can be explained 
by micro properties, such as the thermal energy of molecules and the friction 
between molecules (Reichl 1998). However, the new classical school in 
macroeconomics has no structural explanation on the magnitude of mean and 
variance of shocks.

1,2 Internal F luctuations and Exponential Growth
Readers may argue that the real US economy is not a stationary process. For 

internal fluctuations, we may consider a linear birth-death process for economic 
growth. Economic output can be described by population dynamics in theoretical 
biology. The probability of output n at time t is defined as P(n, t). We assume that
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transition probabilities of birth and death are proportional to the population size n 
with a constant b and d separately. We have (Reichl 1998):

The meaning of Equation (1.2) is easy to understand. Suppose the system is in 
the state of P(n, t). The change of state from n to (n+1) has four possibilities: a birth 
process from (n-1) to n and a death process from (n+1) to n, which will increase the 
probability at n, and a birth and death process from the state n, which will decrease 
the probability at n. If the birth and death rate are linear, we obtain the equation

The case of exponential growth can be treated as a pure birth process, so that 
d=0. We calculate the mean and variance for the growth rate r = b (May 1974a):

As a first approximation, we may consider macroeconomic growth as a birth 
process with a constant growth rate. The first moment (mean) gives the same result 
of the deterministic model in constant growth. The second moment (variance) 
provides new information about the range of fluctuations around the mean. The

relative fluctuation is still in the order of i — . This is a statistical feature for a

system with a large number N of elements.
Comparing to Equation (1.1), the stochastic dynamical model of pure growth

introduces a more specific factor of C r — y j( l  — e rt) .  For a growth rate r = 3%, 
Cr = 0.6717.

This figure does not change the basic picture of the static model in the previous 
section.

= bin - 1)Pin - 1, t) + din + Y)P(n + 1, 1) -  ib + d)nP(n, t)

( 1.2).

< «(/) >= m * e rt

< n{t) -  < n » 2 = m* e 2tt {1 -  e~r l)
(1.3a)

(1.3b)

Then, we calculate the relative fluctuation about its mean,

(1.4)

-Jn

1.3 External F luctuations and Exponential Growth
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Some may argue that Lucas attributes business cycles to external shocks, not 
internal instabilities. If purely internal fluctuations are not sufficient to explain 
business fluctuations, can we introduce external shocks to amplify internal 
fluctuations? We may address the issue through the Langevin equation and the 
Fokker-Planck equation (Goel, Maitra, and Montroll 1971, May 1974),

The Langevin equation is a mixed process with a deterministic component and a 
stochastic component:

^  =  [ r  +  « < 0 < T ]X ( 0  (1.5) 
at

Where X(t) is the output, r is the growth rate, a  is the standard deviation, and w(t) is 
white noise with zero mean and unitary variance in continuous-time.

Its corresponding Fokker-Plank equation is:

dP{x, t )  d r  v n r v  . . .  ( j 2 d2 rn, v  „
—  = --------- [rXP(X,t)] + --------------7 [P(X, t )  1 ( 1.6) 

dt  8 X -------------------- 2 S X 2 y 1

The first term on the right is the drift term caused by deterministic mechanism. 
The second term is the diffusion term caused by the stochastic mechanism. This 
equation has an analytical solution:

P(X,  t) = X 0 _ ^ = e x p { - - ^ 7 [ ln (™ ) -  r t f }  (1.7) 
a yJ2n t 2o t A 0

We can calculate its first and second moments from the probability distribution:

c  2mean[X] = X Q e x p { (r  +  — )/} (1.8a)

vsx[X] = mean[X]2{e"1' - 1} (l.8b)

The root-mean-square relative fluctuation of the output mean is:

V v a r lT ]  (1.9)
mean[X\

If we examine the equation (1.8a), it is an exponential growth with a higher 
growth rate. If the original growth rate is 3 percent, the standard deviation of noise
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is 10 percent, and the actual growth rate will be 3.5 percent. This increase results 
from the diffusion term, which increases its relative fluctuation exponentially. It 
may be just 5 percent in 10 years, but it will grow to 30 percent in 50 years, and 170 
percent in 200 years. There is no stable structure in the linear growth model to 
prevent a final explosion. This case demonstrates the shortcomings of linear 
models. Clearly, economic structure is more coherent than linear diffusion process.

II. Contradictions in Equilibrium Theory of Business Cycles
It is often conceived that equilibrium theories provide a unified picture of macro, 

micro, and finance economics. We will see that there are inherent contradictions 
between micro and macro equilibrium theories. We will discuss four influential 
ideas in equilibrium economics: the natural rate or long-run equilibrium in 
unemployment, rational expectations in macroeconomic analysis; competitive 
market theory in microeconomics, arbitrage-free opportunity and the efficient 
market hypotheses in finance theory.

2.1. In tertem poral Substitution a n d  Arbitrage O pportunity
In a typical Lucas model with rational expectations, individual supply of labor is 

determined by a goods-leisure choice facing a single household in a competitive 
market (Lucas 1981). When a fall in wages is regarded as temporary, he may accept 
leisure now and be voluntarily unemployed. If the fall is regarded as permanent, he 
may accept work. How to judge whether a change is permanent or temporary is 
based on the existence of the normal (long-run equilibrium) state or so-called 
“natural rate” under rational expectations.

Theoretically, “rational expectations are equivalent to the existence of a natural 
output rate” (Lucas 1981). The natural rate can be defined operationally only if 
market economy is static and economic dynamics is stationary. These assumptions 
are far from reality. For example, no one really knows what the natural rate of 
unemployment (or NAIRU) should be for the US economy (Galbraith 1997). 
Without a well-defined natural rate, people have no judgement about the future 
directions in wage changes. Regression analysis in econometrics provides no solid 
answer to this question, because realistic dynamical systems are non-integrabie. 
According to competitive market theory in microeconomics, large number of 
workers are price-takers. In average, the labor supply will be invariant when the 
price movements are stationary with constant mean and variance

Empirically speaking, market expectations are better revealed in financial 
markets. According to the efficient market hypotheses, it is impossible to predict 
macroeconomic trends and timing in business cycles (Fama 1970). Today’s stock 
price should be the best predictor of tomorrow’s stock price. Economic equilibrium 
in financial market is defined by the arbitrage-free argument or linear pricing (Ross 
1976). If there is a unified framework in equilibrium economics, we should apply 
the efficient market hypotheses to the Lucas-type inland economy with N identical 
individuals.
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Let us imagine there is a random shock in wages. If M (<N) individuals believe 
that the wage fall is temporary and decide to go on vocation, we may expect a 
shortage of airline tickets and a rise in airfare, such as the situation during public 
holidays. To reduce the tension in hotel and traffic, the airline and hotel industry 
will then offer discount prices during the off-season and raise the prices during the 
busy tourist season. Smart consumers would be better-off by buying future plane 
tickets and choosing to work now rather than to follow the crowd in taking a 
vocation (Friedman 1953). The rational workers in the Lucas model behave like 
irrational speculator in catching the wind (Shleifer and Summers 1990). Overall, 
aggregate fluctuations will be smoothed out by arbitrage activity as long as the 
mean and variance of wage changes are stationary in time (Friedman 1953). The 
law of large numbers and equilibrium mechanism can be applied to the Lucas 
model itself (Lucas 1972, 1981).

In order to explain the large amplitude of business cycles, there needs to be 
strong correlation or even resonance among individuals. Collective behavior, such 
as fashion and fads, can best be described by the magnetic model of equilibrium 
statistical mechanics, or the nonlinear stochastic model in social psychology 
(Haken 1977, Shiller 1989, Chen 199!). Clearly, linear models of the efficient 
market place are not capable of describing herd behavior.

2.2. The U ncertainty Principle an d  Rational Expectations
In the overlapping generation model and discrete-time econometric models, the 

timing uncertainty is absent as a result of the fixed time-unit. The issues of long and 
varying time-lag is ignored in Lucas’ model (Friedman 1961, 1969, Lucas 1972). In 
the real world, economic activities are carried out in various time scales. Saving for 
retirement takes a generation 20 years. Leisure substitution for work takes only 
weeks or months; while business cycles average about 4 years. According to the 
uncertainty principle in information theory and quantum mechanics, time and 
frequency cannot be accurately determined in the same moment of time (Chen 
1996a,b). A small measurement error in time domain leads to a large measurement 
error in frequency domain. Therefore, diverse expectations in the market place 
originate from varying time-windows in the decision-making process. A long-term 
investor in human capital or advanced technology may behave fundamentally 
different from a short-term speculator. Therefore, there is hardly any consensus 
about the “normal state” or “long-run” equilibrium in evolving economy. 
“Rational” expectations can lost their meaning when future expectations are 
bimodal or U-shaped near a turning point or financial crisis.

As a theoretical biologist once observed (May 1974):

“If environmental vagaries predominate, the instantaneous growth rate 
will vary randomly in time. Their accumulated integral is then a sum of 
random variables, and in accord with the Central Limit Theorem this 
integral will in general be normally distributed. Hence logarithmic 
population is normally distributed, leading to a lognormal distribution for 
the populations. . . . Lognormal distributions arising in this way reflect
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nothing about the structure of the community........... As they basically come
from the Central Limit Theorem, such patterns may be viewed as rather 
uninteresting,”

The static stochastic model with identical independent distribution (i.i.d.) is 
not capable of understanding persistent business cycles with ever-changing 
structure. We need nonlinear economic dynamics to address fundamental issues 
in business cycle theory.

2.3. M acroeconom ic E nvironm ent o f  M icroeconomic Behavior
The human player as an economic observer is closer to the astrophysicist 

rather than to the particle physicist. We can directly observe the economic 
behavior at the household and firm level, but we can only indirectly construct a 
picture of macroeconomic movements. Contrary to Lucas, we need a macro 
foundation of micro behavior. People choose to go to school or change their 
profession, often based upon their expectations of the range of business cycle, or 
longer trends in technology progress. For example, recent progress in computer 
technology represents a long wave in the industrial revolution, which is highly 
correlated, path-dependent, and far from a random walk (Arthur 1994), 
Macroeconomic policy would be more realistic if we considered people’s 
reactions to business cycles rather than to random shocks (Chen 1988, 1996a,b).

Conclusion
The so-called micro foundation of macro economy is simply an intellectual 

fallacy without an empirical or theoretical basis. Its fundamental flaw is 
ignoring the essential difference between the one-body problem and many-body 
problem in stochastic dynamics. Lucas suggests that independent fluctuations at 
the household and firm level can generate large fluctuations in the macro 
economy. This assertion is groundless and self-contradictory, since it goes 
contrary to the law of large numbers in probability theory and efficient market 
hypotheses in equilibrium theory of finance, when these agents truly act 
independently. Like weather dynamics, business cycles in a market economy 
can only be explained by nonlinear dynamics and non-equilibrium mechanism 
of macroeconomic scale.

The optimization model in microeconomics simply ignores the issue of 
social interaction and division of labor (Chen 1987, Galbraith 1998). The call 
for building a micro foundation for the study of macroeconomics has misled the 
efforts in understanding the roots of macroeconomic instability. Any model 
linking micro behavior to macro fluctuations should consider economic 
structure and social organization.
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