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Introduction

To introduce the papers in these two volumes, I will first describe their contents
and then give some historical background of the research work behind them.

Volume 1 begins with Section I on econometrics. The first paper provides a test
of equality between subsets of coefficients in two linear regressions. The test of equali-
ty of two entire sets of coefficients is later known as the “Chow test.” The paper
points out that in the case of testing the entire sets of coefficients when there are suffi-
cient observations in the second sample to estimate the regression separately, the re-
sult was known in the statistics literature. It is in the cases of having insufficient ob-
servations in the sample to estimate the second regression and of testing subsets of co-
efficients that the paper provides new results. In the case with known result, the pa-
per did bring to the attention of the economics profession the importance of testing for
temporal stability of economic relationships. This is a subject of active research today
and probably will remain so in the future. Paper 2 provides a test to decide which of
two sets of variables in two alternative multiple regressions has a better explanatory
power for the same dependent variable. It generalizes a test of Hotelling applicable to
the case of choosing between two variables, rather than two sets of variables, for the
prediction of the same dependent variable.

Many of the papers that follow deal with the estimation of a system of simultane-
ous stochastic equations. Other topics are treated in paper 4 on multivariate regres-
sion, papers 7 and 13 on best linear unbiased interpolation, extrapolation and estima-
tion of missing observations, paper 11 on multi-period predictions by Bayesian meth-
ods, 12 on regression residuals, 14, 15 and 16 on the information criterion for select-
ing econometric models, 17 on models with random and time-varying coefficients, 18
on the maximum likelihood estimation of miss-specified models, and 19 on estimation
of simultaneous equations with unit roots.

Section II of volume 1 includes empirical or theoretical studies of the US economy
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covering four areas. The areas are demand for durable goods, business cycles, demand
for money and the stock market as categorized in four subsections. Section III includes
studies of the Chinese economy, covering economic planning in paper 32, national in-
come determination in 33, price level determination in 34, capital formation and eco-
nomic growth in 35, estimating economic effects of the Great Leap Forward Move-
ment and the Cultural Revolution in 36, rates of return in schooling in 37, challenges
of China’s economic system for economic theory in 38, Hong Kong stock prices in 39
and Shanghai stock prices in 40.

Volume 2 begins with a paper which extends to the case of stochastic models the
classic paper of Samuelson showing that, for a deterministic model, the interaction of
a Keynesian consumption function and an investment equation based on the accelera-
tion principle can generate complex roots and therefore oscillations in national income.
It introduces spectral methods to study stochastic models and shows that the accelera-
tion principle in the investment equation is necessary to generate complex roots in a
linear stochastic model which explains a number of consumption expenditures by dis-
tributed lags of income. Paper 2 derives spectral properties for nonstationary linear
stochastic systems with roots larger than unity. Paper 3 initiates the use of optimal
control techniques for the determination of macroeconomic policies and obtains the op-
timal policy rules (also known as feedback control equations) by using the elementary
method of LLagrange multipliers. A series of paper on the methods and applications of
optimal control to economic policy formulation follow, from papers 4 to 17.

A new element is introduced in papers 18 to 24, with the exception of 22. It is
the hypothesis of rational expectations. Up to the middle 1970s, the prevalent hy-
pothesis on the formation of expectations was adaptive expectations. Under this hy-
pothesis, an econcmic agent is assumed to change his expectation in the current period
by a fraction of the difference between his expectation and the actual value of the eco-
nomic variable in ~he last period. Instead, rational expectations assume that the psy-
chological expectation of the economic agent equals to the conditional mathematical
expectation of the variable generated by the model used by the econometrician. Which
hypothesis is better under what circumstances is still an open question. This question
is also discussed in papers 31 and 39 of volume 1.

There was a gap of seven years between the publication of papers 24 and 25.
During these years I spent much time in promoting modern economics education in

China, advising the Chinese government on economic reform and studying the Chinese
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economy. Studies in the Chinese economy were reported in The Chinese Economy
(Harper and Row, 1985; Chinese translation, Nankai University Press, 1985), Un-
derstanding China’ s Economy (World Scientific, 1994) and papers included in sec-
tion III of volume 1. When my interest in optimum control was resumed in 1991 I
discovered that the method of Lagrange multipliers which I applied in paper 3 to solve
a control problem with a linear stochastic model and a quadratic objective function is
applicable to more general objective functions and nonlinear models. This discovery
was reported in papers 25 and 26. Applications of the Lagrange methods and its fur-
ther development are reported in papers 27 to 30. In Dynamic Economics: Opti-
mization by the Lagrange Method (Oxford University Press, 1997) I discuss the
method further in comparison with the method of dynamic programming and provide
applications in the study of economic growth, general equilibrium, business cycles, fi-
nance and investment. This is still one of my major research interests today. Some of
the topics in econometrics and dynamic optimization which have interested me and
some of their applications to the formulation and analysis of economic policy in which
I have participated are discussed in a paper “Econometrics and Economic Policy,”
forthcoming in Statistica Sinica, 2001.

On historical background, I entered Lingnan University in Guangzhou, China in
1947 majoring in political science at the suggestion of my mother. China did not have
a stable government at the time and my mother thought it needed good people to serve
in the government. In 1948 I transferred to Cornell University still majoring in politi-
cal science. In 1949 the Chinese government changed hands and I decided to stay in
the United States. A degree in political science was not very useful for me in the U-
nited States. Several economics teachers including Alfred Kahn stimulated my interest
in economics and I graduated with a double major in both subjects. In 1950 I became
interested in mathematical and quantitative analysis of economic problems. With very
limited knowledge I tried to read one or two mathematically simplest papers in Econo-
metrica and joined the Econometrics Society in 1950 when its membership was about
80.

The University of Chicago was the obvious place for my graduate study in 1951
because it had the Cowles Commission for Research in Economics and it was the only
university offering a graduate course entitled “econometrics.” At Chicago I was ex-
tremely fortunate to learn from its very distinguished faculty, including Gerald De-

breu, Milton Friedman, Arnold Harberger, Clifford Hildreth, Hendrick Houthakker,
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D. Gale Johnson, Frank Knight, Tjalling Koopmans, William Kruskal, Jacob
Marschak, .. Jimmie Savage, Theodore W. Schultz, George Tolley and W. Alan
Wallis. My fellow graduate students included Gary Becker, Zvi Griliches, Marc
Nerlove, Roy Radner and Lester Telser, among others.

My PhD thesis deals with a theory of demand for durable goods and its applica-
tion to the demand for automobiles in the United States. My thesis committee consist-
ed of A. C. Harberger (chairman), Jacob Marschak and Alan Wallis. Milton Fried-
man provided valuable comments when drafts of the thesis were presented before his
money workshop. The thesis was published as Demand for Automobiles in the Unit-
ed States: A Study in Consumer Durables ( Amsterdam: North Holland Publishing
Company, 1957). In 1958, Harberger decided to publish several Chicago theses on
the demand for durable goods. Since mine was already published [ wrote paper 20 of
volume 1 to update my thesis and to test whether the demand function previously esti-
mated remained valid [or the 4 years 1954 — 1957. The method employed was pub-
lished in paper 1 of the first volume. Thus my interest in econometric method was
stimulated by the need to solve an applied problemn. The second paper of volume 1 was
also motivated by an applied problem of which a special case had already been treated
in my thesis. Once the interest in econometrics was stimulated, a series of papers
from 3 to 19 followed through the years.

My interest in economic dynamics and optimal control was also motivated by ap-
plied problems. Having estimated a small econometric model for the US reported in
paper 22 of volume 1, I wished to study its dynamic properties. This led to papers 1
and 2 of volume 2. The interest in using this model to formulate economic policies led
to the methodological paper 3. Then followed a series of papers from number 4 on.
Dynamic optimization and its applications remain my current research interest.

I have been very fortunate to know how to do research in economics. Research
has given me much intellectual challenge and enjoyment. It gives me great joy to share
some of the results with the readers of these two volumes. I would like to express my

sincere thanks to Zou Heng-fu who decided to publish these papers in two volumes and

_ has spent his valuable time and effort in guiding their publication.

Gregory Chow
Princeton University

Qctober 19, 2000
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THE ACCELERATION PRINCIPLE AND THE NATURE
OF BUSINESS CYCLES *

Gregory C. Crow

1. Introduction, 403. — II. Demand equations and evidence for accelera-
tion, 404.— IT1. The nonstochastic case: no oscillations without acceleration,
406.—IV. Autocovariances of a linear stochastic system, 408.— V. Spectral
densities of a linear stochastic system, 411.— VI. Conclusions, 417.

I. INTRODUCTION

Half a century ago, J. M. Clark stressed the importance of the
acceleration principle in business eycle theory.? Almost thirty years
ago P. A, Samuelson pointed out that the acceleration relation can
interact with the multiplier to generate oscillations in national
income.?2 This paper presents a formulation of the acceleration
principle and some strong supporting evidence. It attempts to
ascertain whether the scceleration principle is necessary for the
generation of oscillations in national output. It also extends the

discussion of the nature of economic fluctuations from the non-
stochastic to the stochastic case.

Recently I constructed a simple macroeconometric model of the
United States economy in the form of a system of linear stochastic
difference equations in which the acceleration principle plays an
important role? The present paper is partly the outcome of an
analytical study of the dynamic properties of such a linear stochastic
system. The tools employed are the autocovariances and the spectral
densities of the time series so generated. The presentation of results
on these matters will be elementary and self-contained.

* A preliminary version of this ]gaper was presented before the Joint
Feculty Colloquium on Mathematical Kconomics and Econometrics of Colum-
bia, Johns Hopkins, University of Pennsylvania and Princeton, held at
Columbia University in May 1966. Parts of this paper were written while the
author was visiting the Harvard Economics Department and were presented to
the Research Seminar on Quantitative and Mathematical Economics there,
and to the Econometrics Seminar at MIT in May 1967. All comments are
gratefully acknowledged. The author has also benefited greatl{ from the sug-
gestions of T. W. Anderson, Alan J. Hoffman, and Richard E. Levitan.

1. J. M. Clark, “Business Acceleration and the Law of Demand: A
Technical Factor in Economic Cycles,” Journal of Political Economy, XXV
(Mar. 1917), 217-35. . .. .

2. P. A. Samuelson, “Interactions between the Multiplier Anxa)lcysxs and
the §’rinci%)1e of Acceleration,” Review of Economic Statastics, I (May
1939), 75-78.

3. G. C. Chow, “Multiplier, Accelerator, and Liquidity Preference in the
Determination of National Income in the United States,” Review of Economics
and Stattstics, XLIX (Feb. 1967), 1-15.
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This paper begins with a formulation of the acceleration prinei-
ple and its supporting evidence in Section II. Section III shows that,
without an acceleration equation, a system of nonstochastic linear
demand equations for the components of national output cannot
produce oscillations in the variables. This amounts to showing that
the characteristic roots of the system are all real and positive. The
discussion is generalized to allow for random disturbances in the
equations. In Sections IV and V, respectively, the autocovariance
matrix and the spectral density matrix will be derived in an ele-
mentary fashion. It is shown that random shocks, when introduced
into an otherwise nonoscillatory system, can generate cycles. Thus
the acceleration principle is no longer necessary. While Sections IV
and V are confined to the stationary case (with all roots less than
one in absolute value), Section VI contains brief comments on the

nonstationary case as well as some concluding remarks on the
nature of business cyeles.

II. DeMaNp EQUATIONS AND EVIDENCE FOR ACCELERATION

To ascertain whether a system of nonstochastic economic equa-

tions can produce oscillations without acceleration, one obviously
has to specify the nature of the equations. It seems relevant to
restrict the equations in a macroeconomic model to demand equa-
tions for different components y; of national product ¥ = Xy; which
obey simple distributed lags: ¢
(1) Ve =04 Yo+ by, 01 -
Of course, demand equations for investment goods and for some con-
sumer durables are not of this type because of acceleration, but our
purpose is precisely to find out whether there could be oscillations if
all demand equations were of the form (1). In other words, while
Samuelson ® demonstrated that the interaction of the multiplier and
the accelerator can produce oscillations, we ask whether the latter
is necessary, in the context of a system of equations.

For investment goods and possibly consumer durables, the de-
mand functions for total stock & are assumed to be of the same
form:

(2) 8t =Y, + bigy, s,
The flow of net investment y.* i8 A 84 = 8 — 8, ¢—1:

4. The intercept will be omitted, as exogenous variables are omitted in
this paper which treats business cycles as the result of interactions of en-
dogenous forces, holding the exogenous variables constant.

5. Samuelson, op. cit.




