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Economists have long been puzzled by the observations
that during peacetime industrial market economies
display recurrent, large fluctuations in output and
employment over relatively short time periods. Not
uncommon are changes as large as 10 percent within
only a couple of years. These observations are considered puzzling because the associated movements in
labor's marginal product are small.
These observations should not be puzzling, for they
are what standard economic theory predicts. For the
United States, in fact, given people's ability and willingness to intertemporally and intratemporally substitute
consumption and leisure and given the nature of the
changing production possibility set, it would be puzzling if the economy did not display these large fluctuations in output and employment with little associated
fluctuations in the marginal product of labor. Moreover,
standard theory also correctly predicts the amplitude
of these fluctuations, their serial correlation properties, and the fact that the investment component of output is about six times as volatile as the consumption
component.
This perhaps surprising conclusion is the principal
finding of a research program initiated by Kydland and
me (1982) and extended by Kydland and me (1984),
Hansen (1985a), and Bain (1985). We have computed
the competitive equilibrium stochastic process for
variants of the constant elasticity, stochastic growth
model. The elasticities of substitution and the share
parameters of the production and utility functions are

restricted to those that generate the growth observations. The process governing the technology parameter
is selected to be consistent with the measured technology changes for the American economy since the
Korean War. We ask whether these artificial economies display fluctuations with statistical properties
similar to those which the American economy has displayed in that period. They do.1
I view the growth model as a paradigm for macro
analysis—analogous to the supply and demand construct of price theory. The elasticities of substitution
and the share parameters of the growth model are
analogous to the price and income elasticities of price
theory. Whether or not this paradigm dominates, as I
expect it will, is still an open question. But the early
results indicate its power to organize our knowledge.
The finding that when uncertainty in the rate of technological change is incorporated into the growth model it
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economy, Lars G. M. Ljungqvist for expert research assistance, Bruce D. Smith
and Allan H. Meltzer for comments on a preliminary draft, and the National
Science Foundation and the Minneapolis Federal Reserve Bank for financial
support. The views expressed herein are those of the author alone.
Others [Barro (1981) and Long and Plosser (1983), for example] have
argued that these fluctuations are not inconsistent with competitive theory that
abstracts from monetary factors. Our finding is much stronger: standard theory
predicts that the economy will display the business cycle phenomena.
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displays the business cycle phenomena was both dramatic and unanticipated. I was sure that the model
could not do this without some features of the payment
and credit technologies.
The models constructed within this theoretical framework are necessarily highly abstract. Consequently,
they are necessarily false, and statistical hypothesis
testing will reject them. This does not imply, however,
that nothing can be learned from such quantitative
theoretical exercises. I think much has already been
learned and confidently predict that much more will be
learned as other features of the environment are introduced. Prime candidates for study are the effects of
public finance elements, a foreign sector, and, of course,
monetary factors. The research I review here is best
viewed as a very promising beginning of a much larger
research program.
The Business Cycle Phenomena
The use of the expression business cycle is unfortunate
for two reasons. One is that it leads people to think in
terms of a time series' business cycle component which
is to be explained independently of a growth component; our research has, instead, one unifying theory of
both of these. The other reason I do not like to use the
expression is that it is not accurate; some systems of
low-order linear stochastic difference equations with a
nonoscillatory deterministic part, and therefore no
cycle, display key business cycle features. (See Slutzky
1927.) I thus do not refer to business cycles, but rather
to business cycle phenomena, which are nothing more
nor less than a certain set of statistical properties of a
certain set of important aggregate time series. The
question I and others have considered is, Do the
stochastic difference equations that are the equilibrium
laws of motion for the stochastic growth display the
business cycle phenomena?
More specifically, we follow Lucas (1977, p. 9) in
defining the business cycle phenomena as the recurrent
fluctuations of output about trend and the co-movements
among other aggregate time series. Fluctuations are by
definition deviations from some slowly varying path.
Since this slowly varying path increases monotonically
over time, we adopt the common practice of labeling it
trend. This trend is neither a measure nor an estimate of
the unconditional mean of some stochastic process. It is,
rather, defined by the computational procedure used to
fit the smooth curve through the data.
If the business cycle facts were sensitive to the detrending procedure employed, there would be a problem.
But the key facts are not sensitive to the procedure if the
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trend curve is smooth. Our curve-fitting method is to
take the logarithms of variables and then select the
trend path {r,} which minimizes the sum of the squared
deviations from a given series {Yt} subject to the constraint that the sum of the squared second differences
not be too large. This is
min { r / } t i Xf=i (Y-T t ) 2
subject to
-
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The smaller is iu, the smoother is the trend path. If /i = 0,
the least squares linear time trend results. For all series,
fi is picked so that the Lagrange multiplier of the
constraint is 1600. This produces the right degree of
smoothness in the fitted trend when the observation
period is a quarter of a year. Thus, the sequence {r,}
minimizes
XLi(Y-rt)2+

1600 S ^ W l - r , ) " (r-r, t - { )?-

The first-order conditions of this minimization problem
are linear in Yt and r„ so for every series, t — AY, where
A is the same TX T matrix. The deviations from trend,
also by definition, are
Yf = Yt— Tt for r = l , . . . , r .
Unless otherwise stated, these are the variables used in
the computation of the statistics reported here for both
the United States and the growth economies.
An alternative interpretation of the procedure is that
it is a high pass linear filter. The facts reported here are
essentially the same if, rather than defining the deviations by Yd = (I~A)Y, we filtered the Yusing a high pass
band filter, eliminating all frequencies of 32 quarters or
greater. An advantage of our procedure is that it deals
better with the ends of the sample problem and does not
require a stationary time series.
To compare the behaviors of a stochastic growth
economy and an actual economy, only identical statistics for the two economies are used. By definition, a
statistic is a real valued function of the raw time series.
Consequently, if a comparison is made, say, between
the standard deviations of the deviations, the date t
deviation for the growth economy must be the same
function of the data generated by that model as the date
t deviation for the American economy is of that

