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Introduction

This volume contains fourteen of my papers on business cycles, in-
cluding collaborations with Leonard Rapping and Edward Prescott,
written between 1967 and the present. Each paper was written under
its own set of stimuli, with the result that there are many inconsisten-
cies of style, method, and substance among them. Yet the collection
does have some coherence, induced not by an initial plan but by a
stability in the set of substantive questions to which they are addressed
together with an evolution in my thought on the methods by which
these questions might usefully be treated. The aim of this introduction
is to define this coherence by describing how these papers came to be
written and by sketching the scientific and rhetorical problems to
which each was an attempted solution.

My work, in conjunction with that of many others, on business
cycles has received a good deal of professional and popular attention
for what are thought to be its novel implications for national economic
policy, to the point where one occasionally reads of a rational-expec-
tations school on policy matters. 1 think this scholastic terminology
suits debates over social policy, and I will have no regrets if it should
displace technocratic language suggesting that economics can affect
policy solely through the engineering of scientific consensus. It is not,
however, a useful terminology in discussing research on business
cycles. John Muth’s hypothesis of rational expectations is a technical
model-building principle, not a distinct, comprehensive macroeco-
nomic theory. Recent research utilizing this principle has reinforced
many of the policy recommendations of Milton Friedman and other
postwar monetarists but has contributed few, if any, original policy
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proposals. My own research has been concerned almost exclusively
with the attempt to discover a useful theoretical explanation of busi-
ness cycles.

Macroeconomists in the 1960s did not think of their efforts as di-
rected toward finding an “"explanation of business cycles.” Earlier
economists who had thought of their research in this way were viewed
as simply out of date. as Romanovs of the Keynesian Revolution. We
thought of this problem as being. in a general way. solved. and our
research was focused on refining the various pieces, or sectors. of an
overall theory whose main outlines were fairly widely agreed upon.
Research during the 1970s forced me and many others progressively
turther away from this view and toward a general-equilibrium point of
view that seemed to me essentially the same in substance. however
different in method. as the view taken by manyv pre-Keynesian theo-
rists. This change in my views as to the nature of the scientific problem
posed by business cycles. and the consequent shift in my own position
tfrom an attempted contributor to Keynesian macroeconomics to that
of severe critic is also evident in these papers.

The remainder of this introduction is simply an account. in chron-
ological order. of the writing of these papers. It is not an intellectual
autobiography. for I worked on several other problem areas over this
period. It is not a substitute for. or summary of. these papers. Un-
avoldably. I think. in a new introduction to previously published ma-
terial. I find myself writing for those who are familiar with much of
my work.

My first research directly related to business ¢vcles was a joint project
undertaken in collaboration with Leonard Rapping. ""Real Wages.
Employment. and Inflation.”” on the determination of aggregate em-
ployment and wages in the US economy. Our objective at the time.
as is clear enough from the introduction 1o our paper and such defen-
sive efforts as note 3. was not to challenge the current. Keynesian
orthodoxy but rather to contribute to it by constructing a ““micro-
economic foundation™ for the wage-price sector of macroeconometric
models. Our strategy in attempting this was to try to rationalize the
employment decisions of individual households and firms in a manner
modeled after Friedman and Modigliani’s work on the household con-
sumption decision. Eisner and Jorgenson's work on the investment
decision of business firms, or Friedman and Meltzer's work on the
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demand for money. We were aware, of course, that working toward
a competitive-equilibrium account of the cyclical behavior of employ-
ment would be viewed in some circles as quixotic or even subversive,
but we supposed that the basis for this widespread view was no deeper
than the belief that such an account was not possible to devise. Since
each of us had had some classroom success in discussing the behavior
of employment over the cycle in price-theoretical terms, the task did
not seem all that forbidding, and we proceeded with it.

The empirical task we faced, as we saw it, was to rationalize house-
hold and firm behavior through the large employment decline of 1929
to 1933 and the rapid increase in World War II, and to do so in a way
that was consistent with the fairly well-established real-wage inelastic-
ity of “‘long-run’ labor supply. *‘Rationalizing’’ meant to us reconcil-
ing these observations with intelligent behavior on agents’ parts.
Evidently, this could not be carried out at the level of the static, one-
period indifference diagram of the sort we use to explain, for example,
the secular decline in hours worked per worker per week. (This is
chapter 2 of Keynes's General Theory.) Instead, we adopted a two-
period setup in which expected future prices, in addition to current
prices, could play a role.

From the household’s point of view, in such a framework and under
competition, the candidates as inducers of employment changes were
(besides spontaneous taste shifts, which we did not seriously consider)
price, wage, and wealth changes. Unless leisure were treated as an
inferior good, in contradiction to much secular and cross-section evi-
dence. a wealth-induced decline in employment would necessarily be
associated with happiness, not with depression! For cyclical purposes,
this left price and wage changes, or, more particularly, the intertem-
poral substitution effects of these changes. Section 2 of our paper is
simply the working out of the implications of this observation at a
technical level sufficiently precise to be of use econometrically.

This stylized picture of the way households vary hours of work in
response to changes in perceived current and future wages and prices
is at the center of everything that follows in this volume. (Indeed, in
some respects it later came to seem to me more complicated than
necessary, and so has been stylized further.) This picture leaves un-
answered many serious questions of substance, some of which have
been treated in subsequent papers and others of which still seem to be
unsatisfactorily resolved. (I shall return to questions in both these
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categories.) Yet there is a real sense in which this picture seems to me
not the best account of employment fluctuations, but rather the only
account: its main attraction to me from the first has been the absence
of serious alternatives.

The time pattern of hours that an individual supplies to the market
is something that, in a very clear sense, he chooses. Understanding
employment fluctuations must involve, at some point, understanding
how this choice is made or what combination of preference character-
istics and changing opportunities gives rise to the patterns we observe.
At some level of detail, there is no question that social convention and
institutional structures affect these patterns, but conventions and in-
stitutions do not simply come out of the blue, arbitrarily imposing
themselves on individual agents. On the contrary, institutions and
customs are designed precisely in order to aid in matching preferen;:es
and opportunities satisfactorily. Taking into account theoretically, if
it could be done, the complicated arrangements we observe in actual
labor and product markets would not be a step toward constructing an
alternative model to the one Rapping and I used, but toward an
extension or elaboration. In order for such an extension to account
for observed employment fluctuations, in addition to whatever other
institutional features it succeeded in explaining, it would have to ex-
plain why, given their opportunities, people prefer arrangements in-
volving erratic employment patterns. Ignoring this simple point seems
to me simply bad social science: an attempt to explain important
aspects of human behavior without reference either to what people
like or what they are capable of doing.

In general, then, | see no way to account for observed employment
patterns that does not rest on an understanding of the intertemporal
substitutability of labor. The literature contains innumerable examples
of possible additional, supplementary considerations, but to my knowl-
edge no alternatives.

There are. certainly, other ways to capture intertemporal substitut-
ability in an explicit model besides the one Rapping and I chose. Some
of these can be, and have been, examined within a competitive frame-
work. We were concerned in formulating our model with the degree
of richness in the mix of activities considered: work versus “‘leisure’";
work, leisure, and job search: schooling. sleeping, eating, and so on.
Evidently there is no natural limit to this sort of activity breakdown,
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and different breakdowns will be useful for different purposes. In
selecting a two-activity breakdown, we thought that our principal
decision was whether to try to interpret measured unemployment
theoretically as an activity. For reasons given in the paper, we decided
not to do so. but for other purposes and data sets it is useful to try
other two-activity breakdowns (work/search. for example) or multiac-
tivity formulations. and there is by now a sizable literature. stemming
from the original work of McCall and Mortensen. exploring various
possibilities. I am arguing. then, not that the specific form of Rapping’s
and my formulation of the labor supply response to current and ex-
pected wage and price movements was the first, best, or only formu-
lation, but rather that the essential mechanics of these various
formulations are the same. and that all rest on intertemporal substi-
tution of labor.

In any formulation. intertemporal substitution involves current
hours supplied responding to something with the dimensions of a real
interest rate or real rate of return. An expected price inflation affects
behavior in our model because it lowers the real return on labor
supplied today for purposes of consuming tomorrow. If today’s labor
is transformed into tomorrow’s consumption via the holding of inter-
est-bearing bonds and if the expected inflation induces a one-for-one
increase in the nominal interest rate on these bonds. then the real rate
of return relevant for the current-hour’s decision will not be affected
by inflationary expectations in any way. Rapping and I simply evaded
this difficulty by acknowledging it as a possibility but noting that
interest rates do not seem to adjust in this way. for reasons we did not
explore. This was the right decision. I think, since there was no hope
of resolving this difficulty at the partial-equilibrium level at which we
were working. Yet the question keeps coming up in other contexts and
is still largely unresolved. Indeed. when any macroeconomist employs
a Lucas (really. of course, Lucas-Rapping) supply function, he too is
evading this issue (as well as the responsibility for doing so!).

The other central unresolved issue in our paper, but one on which
much progress has been made since, was its treatment of expectations
formation. Milton Friedman's (1968) presidential address to the Amer-
ican Economic Association was published while we were working on
our paper, and we were disturbed that his reasoning appeared conclu-
sive and that it contradicted the prediction of our model (as it did the
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predictions of a/l Phillips-curve models). Our last three sentences dealt
with this puzzle in a way that did not resolve it but was well designed
to require no retractions or apologies later on.

“*Unemployment in the Great Depression’’ is included here because
it contains an important correction to the original paper and remains
a useful summary of which aspects of labor-market behavior in the
1930s can be explained by existing theory and which cannot. The
paper is a reply to Albert Rees’s comments, but the reader interested
in adjudicating this argument obviously will have to read Rees’s views
as well.

The best thing that happened to Rapping’s and my paper was that
Edmund Phelps came across it and a number of related papers by
others at a time when he himself was working on similar problems.
The volume he assembled has become known, fairly enough, as the
Phelps volume (1970). To celebrate the signing of the contract with
the publisher. Phelps hosted a conference in Philadelphia. Fortunately
for subsequent developments, if not for the coherence of our discus-
sion, he imposed as a ground rule for the conference that no author
could discuss his own paper, but instead certain basic questions pre-
sented by Phelps in the form of an agenda, to which none of the papers
had provided an adequate answer.

Rapping and I had been thinking in the sectoral terms typical of at
least the more econometrically oriented macroeconomic tradition. We
viewed ourselves as constructing a model of the **wage-price sector,”
potentially suitable for combining with other models of other “'sec-
tors’" to provide a model of the entire economy. Most other partici-
pants at the conference viewed their work in the same terms. (Armen
Alchian did not attend.) Phelps. as is evident from his introductory
essay to the volume, was thinking in general-equilibrium terms and
used his list of questions to focus our discussion in this direction. If
one agent is fooled into imagining relative prices are moving in his
favor, is his action not offset by another with the opposite misappre-
hension? (This is not a direct quote from Phelps’s list, which I have
long since lost.) Why formulate price expectations as adaptive in the
levels (as Rapping and I had done)? How can the price expectations
relevant for labor-market decisions differ from those relevant for bond-
market decisions? Is it possible, in short, to describe an entire econ-
omy operating in a mutually consistent way that is led into large-scale
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employment fluctuations via informational imperfections alone? It was
clear that none of the papers in the volume had succeeded in doing
this, though most presupposed that it was possible to do so.

Phelps’s introductory essay dealt with this general-equilibrium issue
in an informal but concrete way. Much of our discussion at the con-
ference involved questions that seemed to stand in the way of casting
this argument in modern mathematical form.

“Expectations and the Neutrality of Money™™ was an attempt to do
this. This paper’s ties to the Phelps essay turned out to be stronger
than | had foreseen when I began work on it. The initial idea simply
was to situate some Lucas-Rapping households in a monetary econ-
omy, subject the system to stochastic shocks to the money supply,
and see what would happen. Samuelson’s intergenerational monetary
economy offered a convenient analytical setting because it both fit the
two-period consumer maximization problem Rapping and I had studied
and the function of 'money’" in it was so clearly defined. The idea of
defining an equilibrium as a point in a space of functions of a few
“‘state variables’” was one that Prescott and I had utilized in "“Invest-
ment under Uncertainty.”” This analytical device had forced Prescott
and me to be precise as to the meaning of terms like information and
expectations and led us to formulate and utilize Muth’s rational-ex-
pectations hypothesis in exactly the way [ then used it in "*Expecta-
tions and the Neutrality of Money.”" In short, the needed ingredients
for a general-equilibrium formulation seemed to be readily at hand.

The original formulation I tried involved a one-sector system with
monetary shocks as the only source of uncertainty. With new money
injected by proportional transfers. I learned (embarrassingly, to my
surprise) that monetary shocks. whether anticipated or not. acted
exactly like neutral monetary movements, for which agents could then
perfectly correct. It was sufficiently easy to alter the model to intro-
duce nonneutralities via, for example. an inflation tax or by transfers
to the working young generation. but the real effects of such shocks
then would have arisen not from the substitution effects that operate
in Rapping’s and my framework. but rather from the income or wealth
effects ruled out on empirical grounds in the preceding section.

At this point, it became clear to me why Phelps had imagined an
island economy. with traders scattered and short on useful, system-
wide information. It is exactly this feature that permits all producers
simultaneously to believe they have gained relative to others as the
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consequence of a monetary shock. Incorporating this **island™" feature
into a general-equilibrium system turned out to be more difficult ana-
lytically than I had expected. On the other hand, the **fit"’ between
the workings of the completed model and the conjecture of Friedman,
Phelps, Rapping and me, and others turned out to be perfect.

This “fit"” came as something of a relief. 1 had already been per-
suaded, it is true, by the arguments of Friedman and Phelps that a
natural-rate hypothesis was valid and consistent with the main features
of the observed business cycle, but the form this persuasion took was
the conviction that an artificial, model society could be constructed in
which these conjectures were verifiably valid. Had this construction
not been possible, the possibility that I simply had attempted it in the
wrong way would have remained the most attractive conclusion, but
the degree of persuasion would have been weakened. In general, |
believe that one who claims to understand the principles of flight can
reasonably be expected to be able to make a flying machine, and that
understanding business cycles means the ability to make them too. in
roughly the same sense. I viewed the Phelps volume as now being off
the ground.

Despite (or perhaps because of) its highly abstract character, "*Ex-
pectations and the Neutrality of Money'" influenced my research along
three difference directions. First, it was clear that Rapping's and my
original view that our supply theory could be combined fairly easily
with an [S-LM-type aggregate-demand theory was not working out as
planned. Though the theory of household behavior remained un-
changed in these two papers, the change from adaptive to rational
expectations implied that the behavior of a single sector no longer
could be worked out without reference to that sector’s interaction with
the rest of the system.

Second, the construction of an explicit model economy undergoing
what was in some sense a business cycle made it possible to see
whether the econometric methods we were then using to learn what
is true in the actual economy, about which we know so little, would
give us the correct answers in a model economy about which we know
everything. Here the answer was very clearly negative. (This is section
4 of "*Expectations and the Neutrality of Money."") This observation,
in itself, proved little about actual business cycles. but it suggested
some sharp questions about econometric methods that could be posed
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and studied in a way that was largely independent of the abstract
context in which they originally arose.

Third. the apparent novelty of the model of "*Expectations and the
Neutrality of Money,”" in combination with the unhappy experience
that the substantively original ideas in my own economic thought
invaniably had proved to be wrong, renewed my interest in the vast
pre-Keynesian literature on business-cycle theory. There I found not
the obstinate resistance to evident fact described by Keynes, and
repeated as ““history’ by two or three generations of Keynesians, but
a sophisticated literature. however unaided by modern theoretical
technology. emphasizing the recurrent character of business cycles,
the necessity of viewing these recurrences as mistakes, and attempts
to rationalize these mistakes as intelligent responses to movements in
nominal ““signals’’ of movements in the underlying “‘real’’ events we
care about and want to react to. If Wesley Mitchell could view agents
as ‘‘signal processors’ in 1913, then I saw no reason to regard my
own adoption of this viewpoint in 1972 as unduly speculative.

Each of these three directions is in evidence in the remaining papers
of this volume. Each appears in a form that I have found to be more
persuasive, to others, than the technically more demanding form it
assumes in "Expectations and the Neutrality of Money." Certainly
one cannot be at all surprised or resentful over the fact that to persuade
people of something one has to put it in a way that speaks to their
concerns, and in a language that they find congenial. Yet it is a mistake,
I think. to conclude that these abstract "‘toy models' are a step that
can be dispensed with. or that one can go directly to the formulation
of useful, simple linear models or to reading Mitchell with new under-
standing without their assistance. It is, at least for me. the working
out of these highly abstract but explicit models that is the source of
ideas for constructing new econometric models, criticizing old ones,
or reading the classics from a fresh viewpoint.

If the theory of “"Expectations and the Neutrality of Money"" was
the correct way to formulate the Friedman-Pheips natural-rate hy-
pothesis, then it was evident that the econometric methods then being
applied to test this hypothesis were entirely missing the point. More-
over, though the negative sample correlations between inflation rates
and unemployment rates could be defined to be a "‘trade-off, " it was
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clear that there might be no way to base welfare-improving social
policy on this correlation. The limited size of the audience that that
paper could ever hope for had been brought home to me rather clearly
by a withering rejection from the journal to which it was first submit-
ted. I was very pleased, therefore, to be asked to read papers before
two conferences, both of which offered assignments sufficiently broad
to permit me to treat the points I wanted to make.

“*Econometric Testing of the Natural Rate Hypothesis™® was pre-
pared for a conference evaluating the wage-price sectors of the large-
scale econometric models, to which I was invited (I assumed) as a
spokesman for the deviant Friedman-Phelps viewpoint. The paper’s
objectives were to make clear, with a minimum of technical compli-
cation, exactly why the standard distributed-lag tests of the Friedman-
Phelps hypothesis could not decide the issue and to indicate in a
general way the kind of test from which one could learn something.
[The first of these objectives already had been attained, though I did
not know this at the time, by Thomas Sargent (1971). Sargent’s sub-
sequent application (1973) of the rational-expectations hypothesis to
the Fisherian equation linking nominal interest rates to expected infla-
tion rates, written about the same time, accomplished the second.]

“*Econometric Policy Evaluation: A Critique’" was prepared for the
initial meeting of Karl Brunner and Allan Meltzer's Carnegie-Roc-
hester conference series. The assignment encouraged me to write on
a broader and more general theme than I would have chosen left to
my own devices: this worthwhile series has provided similar stimulus
to other young scholars many times since. The paper also reflects the
influence of Edward Prescott, who recently had returned to Carnegie-
Mellon from the University of Pennsylvania and was instructing me
on many aspects of the art of large-scale econometric modeling.

In following Lawrence Klein's work. I had been struck with the
impression that as the short-term forecasting abilities of his models
steadily improved, he himself evidently was becoming less and less
interested in both economic and econometric theory. I recall (but
cannot recall its location) an illustration of his in which the same price
equation is derived from a competitive model, a pure-monopoly model,
and a behavioral markup pricing model! The point was clear: Pick the
“story’’ that suits your prejudices, but do not be deluded that this
choice matters operationally. The theoretical work that I and others
had been engaged in on the optimizing basis of distributed-lag invest-
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ment functions had been leading me to this same position: though our
“‘stories’’ were getting better and better, this ““progress’ seemed to
be leading to no improvements in the performance of econometric
investment functions.

The prestige of theoretical work is so secure in our profession that
its proponents too rarely find themselves on the defensive. and casting
meaningless epithets like ad hoc becomes a devastating criticism of
empirical work. The cost of this attitude is not that econometric work
fails to get done—someone has to do it—but that contact between
theorists and working econometricians becomes unpleasant. with the
result that the two groups tend to stick to themselves and the necessary
interaction between theory and fact tends not to take place. Yet ex-
amples. such as Klein's price equation. and the general challenge
posed by the forecasting successes of relatively atheoretical models
needed to be taken seriously. I thought: for if the practical questions
for which people look to economists for answers can be answered
without recourse to economic theory, why do we need the theory?

The general-equilibrium approach taken in "Expectations and the
Neutrality of Money' suggested a clear answer to this question. In
that model economy, it is evident that changes in the rule governing
monetary policy alters coefficients in what one would ordinarily have
thought of as structural equations in the econometric sense, regardless
of the stability of these coefficients over a past sample period. Once
the reasons for this are understood. it is not difficult to see that the
same parameter instability must arise in the actual economy. ""Econo-
metric Policy Evaluation™ simply spelled these reasons out. in as
many different contexts as I could conceive. I was pleased that this
case for the crucial role of theory in evaluating policy was entirely
consistent with the possibility of successful ex ante short-term fore-
casting with relatively atheoretical econometric models. since a simple
denial of this success (which was still done then in some circles) was
becoming an increasingly untenable position.

I view "*Econometric Policy Evaluation'’ as a contribution to this
important question of the relation of theory to econometric work. but
sometimes it is read as though it resolved the issue much more deci-
sively than can ever be the case. The paper stressed the importance
of identifying structural parameters that are invariant under the kinds
of policy changes one is interested in evaluating: and in all of the
paper’s examples, only the parameters describing “"tastes’” and “‘tech-
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nology”” were treated as having this property. This presumption seems
a sound one to me, but it must be defended on empirical, not logical,
grounds, and the nature of such a defense presumably would vary with
the particular application one has in mind. That is, utility theory does
not tell us that utility functions are invariant under changes in the
behavior of prices; its application assumes this. The stability of, say,
empirical Engel curves over so wide a range of circumstances reflects
well on Engel’s judgment and is an amazing piece of good luck for us,
as empirical scientists, but there is no way that Engel could have
assured himself logically that this would be the case.

Although the standard, distributed-lag tests of the natural-rate hy-
pothesis appeared to be entirely discredited, it seemed inconceivable
that there could be no way to distinguish empirically between two
hypotheses as different in their implications as a stable Phillips trade-
off and a natural rate of unemployment. If the coefficients in a distrib-
uted-lag Phillips curve do not bear on the question, some other tests
must. In 1970, I had experimented with models along the lines of that
used illustratively in ‘*Econometric Testing of the Natural Rate Hy-
pothesis’’ using US time series, but had not succeeded in finding a
maintainable ‘‘maintained”” hypothesis within which the natural-rate
hypothesis could be nested. Leonard Rapping had thought for some
time that cross-country comparisons would be useful, especially if the
high-inflation Latin American countries were included, and we had
looked at plots of decade-averaged unemployment rates against aver-
aged inflation rates. Major cross-country conceptual differences in the
measurement of unemployment, however, made these plots impossible
to interpret, or so we thought, and this project, too, was abandoned.

A linearized version of the model in “*Expectations and the Neu-
trality of Money’" suggested a cross-country test that did not utilize
measured unemployment rates. This was carried out in **Some Inter-
national Evidence on Output-Inflation Tradeoffs™’ but with nominal
income rather than money used as the “‘forcing variable’” so as to
avoid having to take a position on the international transmission of
demand shocks. By this time, Rapping had become interested in other
issues, so [ proceeded on my own. This was unfortunate, since Rap-
ping would have caught the more glaring of the econometric errors
that mar this paper. Despite these mistakes, however, the paper’s
main conclusions have stood up well. In an unpublished paper, Jose
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Alberro replicated these results with correct econometric methods and
with a much larger sample of countries. Since then, of course, Sargent,
Robert Barro, and others have devised time-series tests of the natural-
rate hypothesis suited to data for a single country, so that the empirical
burden on my cross-country tests has been considerably lightened.

“*Capacity, Overtime, and Empirical Production Functions' is an
entirely real, neoclassical piece, with no tight connection with the rest
of the volume. It was written earlier, as a paper invited by the Amer-
ican Economic Association, presumably on the basis of my credentials
as an investment theorist. Yet it is an outgrowth of the Phelps volume,
as are many of the other papers in this volume. Phelps had insisted at
the Philadelphia conference on the importance of the puzzle raised by
the lack of systematic countercyclical wage movements and, in his
paper with Sidney Winter, attempted to deal with it. The outcome of
an exercise I assigned to a masters class at Carnegie-Mellon reminded
me of the unsatisfactory performance of fitted, aggregate-production
functions, however one fiddled with “"corrections’ for measurement
error and the like. It occurred to me that these two puzzles both
involved the failure of the law of diminishing returns to reveal to itself
in the time series, and hence might best be treated as a single problem.
That is what this paper does.

Obviously, there is a large gap between the highly abstract model of
“*Expectations and the Neutrality of Money’ and an econometric
model capable of giving reliable, quantitative assessments of the con-
sequences of alternative monetary- and fiscal-policy rules. Much of
my work over the past decade has been directed toward trying to
narrow this gap. The diversity among the three papers now to be
discussed illustrates how hard fought even a little progress is, and how
uncertain [ am of even the general shape that a solution to this ill-
posed problem is likely to take.

For technical reasons, “*Expectations and the Neutrality of Money™
abstracted from all forms of serial correlation (or capital, or "“persist-
ence’’) and focused only on initial shocks. Despite what I had thought
was careful footnoting of my reasons for doing this, the ““persistence’
question later emerged as what some seemed to view as a major
difficulty with business-cycle theories utilizing rational expectations.
Most of this was simply a confusion over whether serial independence
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is an inherent feature of such models (which it clearly is not) or
whether it 1s a technically hard feature to relax (which, outside linear
contexts, it seems to be).

Prescott’s and my ‘*Equilibrium Search and Unemployment’’ began
as an attempt to move from the model of ‘‘Expectations and the
Neutrality of Money™ toward a more McCall-Mortensen-Phelps-like
“‘island’” model that would illustrate one mechanism by which initial-
demand shocks could induce a distributed-lag response (see McCall,
1965). In this model, a match between a worker and his ‘‘market’’ is
a kind of capital, due to an assumed fixed cost of switching from one
market to another. The model went through many formulations in an
attempt to find one that was tractable. The simplifying device we
finally hit on exploits the constancy of the expected present value of
job search (A in the paper) in an essential way, an assumption that
evidently cannot be reconciled with economy-wide demand fluctua-
tions! We ended up with an interesting theory of something, I think,
but not a theory of business cycles. Even so, the model is a conclusive
counterexample (if one is needed) to the idea that a persistent response
to shocks is not possible in a rational-expectations equilibrium.

“*Expectations and the Neutrality of Money’’ and ‘'Equilibrium
Search and Unemployment™ are technically difficult because in both
models the decision problem faced by agents is made fully explicit and
(in the former paper) the incompleteness of information possessed by
any single agent implies that the system as a whole does not solve a
grand maximum problem. The practical necessity of modeling the
individual's decision problem, as opposed to his decision rules, is the
main theme of “"Econometric Policy Evaluation,” and I did not wish
to evade the argument of that paper. Similarly, finding a dynamic
program to which the business cycle is a solution would seem to me
uncomfortably close to discovering a social purpose served by busi-
ness cycles, yet I was convinced that business cycles have no social
purpose.

These considerations are much too loose to add up to anything like
an ‘‘impossibility theorem.™” I raise them here only to indicate the
technical difficulties discouraging the introduction of more interesting
dynamics into a theory at the level of **Expectations and the Neutrality
of Money.”" The relative ease of manipulating the linear system of
“*Some International Evidence on Output-Inflation Tradeoffs’" (which
is just a linearization of the model of ** Expectations and the Neutrality
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of Money™’) suggested that a formulation with agents’ demands written
as functions of expected future prices (the latter formed rationally)
might provide a useful compromise framework within which progress
might be made. This is the route taken in “*An Equilibrium Model of
the Business Cycle.””

This model introduced lags due to capital accumulation, an accel-
erator effect, and the gradual diffusion of information. This yielded a
second-order system potentially consistent with the second-order au-
toregressive character typical of many economic time series (Nerlove's
law). The paper evidently does not quite work: there are too many
compromises of convenience granted per unit of convenience received.
These are sure symptoms of a poor match between the mathematical
framework being utilized and the substantive question being posed.

In spite of this, I reprint the paper without apology, for it is the only
paper here that attempts to capture the interaction between monetary
shocks and the accelerator effect, which seems to be, at the empirical
level, so central in observed behavior over the cycle. The volatility of
business investment over the cycle is at least as severe a paradox as
the cyclical behavior of employment, since the principal characteristic
of optimal investment behavior (as we understand it theoretically) is
the way it smooths reactions to transient shocks. Volatile cyclical
investment must be explicable, exactly as it volatile cyclical employ-
ment, only as a repeated mistake. This observation suggests that these
two aspects of behavior have a common explanation. **An Equilibrium
Model of the Business Cycle’" was an attempt to provide one.

The model sketched in “*Understanding Business Cycles™ is, of
course, that of the last-mentioned paper. Isn’t it remarkable how
simple it all becomes in plain English? Yet how deceptive this sim-
plicity is: The description of inventory behavior in ‘*Understanding
Business Cycles™ is as coherent as the description of accelerator
effects, yet the latter is a verbal transcription of a fully worked-out
model while the former is only conjecture. There is nothing dishonest
in this—I think the conjectures are good ones—but this example illus-
trates the sense in which theorizing at this verbal level is limited to
conveying the state of theory to the casually interested or perhaps
stimulating oneself or others toward genuine developments in theory.

“‘Understanding Business Cycles’’ was another paper invited by
Brunner and Meltzer. I took it as an opportunity to try to state for the
first time exactly what, to my thinking, the empirical problem posed
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by business cycles was and what it would mean to solve it. Naturally,
my earlier papers recognized to some extent which qualitative facts,
because of their central importance, required explanation; but for the
most part these were second-hand facts for me, picked up from Phelps
or Allan Meltzer or “*common knowledge ™ around Chicago and Car-
negie-Mellon. 1 was beginning to be concerned that the particular
theoretical line 1 was following might be focused on explaining **cof-
fee-break’’ facts only.

The basic source for *“my’" facts, not very surprisingly, turned out
to be Friedman and Schwartz's Monetary History (1963). As a student,
I had thought this monograph was made unduly difficult by its failure
to use any explicit, general theoretical framework to give structure to
the complicated history of US economic time series, and therefore | had
paid it only casual attention. Now, thoroughly disillusioned with stan-
dard macroeconomic theory, I appreciated the book's relatively atheo-
retical approach. From Friedman and Schwartz, it is a short and direct
step back to the work of Wesley Mitchell (1913). These connections
were not pursued from genealogical interest, but because they are
helpful in organizing one’s thinking about the implications of the evi-
dence. It is the similarity from cycle to cycle of comovements among
series, as documented by Mitchell, that leads one to a single-shock
view of business cycles. Given this, Friedman and Schwartz have no
alternative but to identify this single shock with monetary instability.
What are the other candidates?

The final four papers in this volume are a miscellany. Each was
prepared in response to an invitation to write on a specific topic for a
specific occasion, and none would have been written otherwise. Yet
each contains something of interest not said elsewhere. so all seemed
worth including.

““Unemployment Policy™ is mainly an expression of exasperation at
the way certain words are used in our profession. It is what Rapping
and I would have said in our original paper if we had had the nerve.
Expressions of exasperation tend to be better, I think, when directed
at a specific target, so I much prefer the review of the OECD report,
Towards Full Employment and Price Stability. 1t was fun to write: 1
hope it is fun to read. It is also, of course. terribly unfair: there must
be many ‘‘committee jobs™’ of this sort that would have served the
same purpose.
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“*Rules, Discretion, and the Role of the Economic Advisor’ is the
only paper in this volume directed at macroeconomic policy, and really
the only policy paper 1 have written. One of the virtues of coming
down on the side of rules versus authority is, I suppose, that one only
gets one such paper per lifetime. In my case, I only got a fraction,
since I simply took the particular set of rules I advocated from Milton
Friedman. This must have been a disappointment to those in attend-
ance who believed that rational expectations imply an entirely new
point of view on policy; that was why I thought it worth writing.

The final paper, “*Methods and Problems in Business-Cycle The-
ory,”” was completed earlier this year. I am struck by the rather
“‘literary’’ tone it shares with the other papers grouped toward the
back. Much of its concern is with words and the way people use them
in support of the scientific or policy positions they advocate. Given
the level of popular, and even not so popular, economic debate at the
present time, this concern seems to me unavoidable.

At times such as the 1960s in the United States, when a broad
scientific consensus has been reached and is widely acknowledged and
accepted by nonprofessionals (these two conditions are of course re-
lated), it is possible to use a shared verbal shorthand to convey fairly
complicated ideas. Looseness of language is not harmful, because
when forced to make a loose statement precise, one economist will do
so in about the same way as any other. During times like the present,
when consensus has broken down, such looseness becomes a barrier
in professional debate, and it becomes impossible for the public to
distinguish language that summarizes serious underlying analysis from
language that is just talk. In such a situation, it does not seem to me
fruitful simply to wade into the current verbal debate, letting one’s
words take on whatever unknown meanings other participants may
assign. Instead, one needs to try to go behind terms like theory or
equilibrium or unemployment to get at the specific constructs or facts
they are being used to summarize.

It is best, I think, to resist the temptation to conclude this introduction
with a summing-up. The study of business cycles is a complex social
process; there is no reason to believe that evaluating the contribution
to it of any individual contributor will reveal a great deal of unity.

If there is a single, main theme to this introduction, it is a sense of
having severely limited theoretical options, which I feel very strongly
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but do not perceive to be very widely shared. The nature of the
questions to which we want answers, the level of theorizing at which
there seems to be any real hope of obtaining reliable answers, and the
equipment at hand for theorizing at this level combine to make genuine
progress painfully slow. Since business cycles have plagued capitalist
societies in essentially unchanging form for at least two centuries, it
does not seem unreasonable to attribute some of this slow progress to
the difficulty of the problem itself, rather than to some easily corrected
flaw in our viewpoint. Politically, this is not an especially encouraging
conclusion, but scientifically it is a heartening one.
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Introduction
The aggregate labor-supply function is a cornerstone of both neoclas-
sical growth theory and short-run Keynesian-type employment theory.
Yet no empirical estimates of the parameters of this function, com-
parable to estimated aggregate consumption, investment, or money
demand functions, are available.! Despite this lack of evidence, econ-
omists have found it necessary to proceed on the basis of certain
widely accepted assumptions. In the growth literature, it is generally
assumed that population growth is exogenous and that the supply of
labor from any fixed population is an inelastic function of the real
wage rate. In the short-run literature, on the other hand, it is com-
monly assumed that the labor supply is infinitely elastic at some rigid
real or money wage rate. Our purpose in this paper is to construct a
model of the labor market which reconciles these apparently divergent
views of labor supply and to test the model on annual aggregate, U.S.
time series covering the period 1929-65.

Wherever possible, we will motivate our assumptions by reference
to the microeconomic labor-market literature. Yet, as with any aggre-
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754 by permission of The University of Chicago Press. Copyright 1969 by The
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gate study of a single sector of the economy, it will be necessary to
gloss over much of the richness of detail provided by the many studies
of particular features of labor-market behavior. We will not compen-
sate for this loss by offering a full econometric model of the economy,
but in the next section we sketch the structure of our labor-market
model and its relation to the other sectors of the economy. There
remains, nevertheless, an inevitable arbitrariness in our selection of
two functions—the labor-supply function and a marginal productivity
condition for labor—to be estimated as a simultaneous equation
system.

In addition to our primary aim of understanding the workings of the
U.S. labor market, this study has as a secondary purpose the ration-
alization in supply-and-demand terms of the observed correlation be-
tween unemployment rates and the rate of inflation, or Phillips curve.
Recent attemps to give a theoretical basis to the Phillips curve have
been based largely on a view of the labor market as dominated by
collective bargaining, where bargaining outcomes bear no explicit re-
lation to supply-and-demand forces.? While we offer no crucial test of
the two views, we shall show that a competitive market theory is rich
in implications and is consistent with the U.S. experience.

The remainder of the paper is organized as follows. In section 1, a
model of the production-employment sector is discussed in general
terms and related to the rest of the economy. In section 2, an aggregate
labor-supply function is developed. The demand side of the market is
treated in section 3 and the role of measured unemployment in section
4. The model is then stated in full in section 5, with tests reported in
the next section. Section 7 is a summary of our conclusions.

1 Structure of the Model

The results reported in section 6, below, are estimates of a two-equa-
tion model of the U.S. labor market, where the two equations are the
labor-supply function and a marginal productivity condition for labor.
The time series on which our tests were conducted are, as are all
economic time series, subject to both short- and long-run forces. It is
thus impossible, however desirable, to construct and test on these
series either a ““short-run model™ or a ““long-run model’” of the labor
market: an adequate model must contain both a short and a long run.
There are, then, three features which we feel a model of the labor
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market (or, more broadly, the production-employment sector) should
possess. First, it should incorporate the neoclassical feature that for
fixed capital stock the aggregate supply schedule (relating the price of
goods to real output) will become perfectly inelastic over a long period
of stable aggregate demand. Second, the model should imply an elastic
short-run aggregate supply function consistent with the observed fluc-
tuations in real output and employment in the face of shifting aggregate
demand. Finally, the transition from short-run to long-run labor-mar-
ket equilibrium should be described in full.

The models tested in this paper share these three features. In im-
plementing the models empirically, however, it is necessary to intro-
duce a number of complications which obscure these central features.
To aid in interpreting the results, we devote the remainder of this
section to a simple prototype of the more complex models actually
tested. In doing this, we consider the two functions actually estimated,
together with the aggregate production function which was notr esti-
mated, as a bloc of equations determining the aggregate supply
function.

Let m, be employed persons per household in period 7. &, be capital
per household. and v, be real output per household. Let », be the real
wage rate, and let Ap, be the percentage rate of price increase from
t — 1to t. We assume an aggregate production function with constant
returns to scale, which can be written:

yvlm, = f(k,/m,). S >0, fr<0. (1)

With competitive labor markets and continuous profit maximization
on the part of firms, equation (1) implies the marginal productivity
condition for labor: -

we = flk,/m,) — (kJm)f (k,/m,). (2)

Equations (1) and (2) can be solved for the short-run (that is, capital
fixed) output supply and labor demand functions if one wishes: their
content is the same in either form. To (1) and (2) we add a labor-
supply function:

me = S0v. w1, Ap,, my), 3)

where S is an increasing function of w,. Ap,, and m,_,. and a decreasing
function of w,_,. In section 2 we discuss in some detail a Fisherian
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model motivating this labor-supply function. For the present, our
interest is in the properties of the production-employment sector char-
acterized by (1)—(3).

The supply function (3) is not homogeneous of degree zero in current
prices and money wages, p, and w,p,. Hence in the short run, the
model exhibits a form of the “"money illusion’™ postulated in many
modern, Keynesian models. If wages and prices were to remain stable
over a long period, however, (3) could be solved for a long-run labor
supply (relative to population) which depends only on the real wage
rate.

Eliminating w,. /1, and their lagged values from (1)—(3) yields the
aggregate supply function:

v = Fv. ko koo Ap). 4)

The derivative of F* with respect to p, is positive, so that the short-run
aggregate supply function has an upward slope—although it will not
be perfectly elastic with respect to the price level. If prices are stable
over a long period, and if the difference equation (4) is stable, the
supply function becomes perfectly inelastic. In summary, the model
(1)—(3) does possess the features discussed at the beginning of this
section.

In discussing (1)—(3), we have regarded the labor market as being in
short-run equilibrium at each time ¢. This assumption is not inconsis-
tent with observed fluctuations in employment, nor does it "“define
away’~ unemployment.? The main result of postulating a short-run
equilibrium is that measured unemployment, or the measured labor
force, will not enter in an important way into the model. We do,
however, attempt to account for movements in measured unemploy-
ment by using our model to suggest an answer to the question: **What
question do respondents to the employment survey think they are
answering when asked if they are seeking work?"" This is discussed
in detail in section 4.

A second general remark is necessitated by the presence of the
inflation rate Ap, in the aggregate supply function (4). This would
appear to offer the possibility that, by pursuing a systematic policy of
inflation, the government can raise real output arbitrarily without limit.
We do not accept this implication. As we shall see in the next section,
if such a policy were followed the model (1)=(3) would cease to hold.
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Before turning from the general structure of the labor market to the
behavior of individual suppliers and demanders of labor (sections 2,
3, and 4). we should perhaps raise the broader question of whether a
competitive supply-demand mechanism of the sort proposed above. or
of any kind, can account for labor-market behavior. Posed in such
general terms, an a priori discussion of this question is pointless, but
two specific noncompetitive forces on wages and employment are
sufficiently important to warrant special mention: collective bargaining
and the military draft.

Clearly, the model sketched above is an inaccurate view of wage
and employment determination in a single, unionized industry. In such
an industry, the union imposes a higher-than-competitive wage rate,
limited by the labor-demand elasticity it faces and the effectiveness of
its strikes. Labor supply to the industry is irrelevant, since the excess
supply which must exist is not able to bid down wages. A labor-market
model for such an industry will thus consist of a demand function for
labor and a “*wage setting equation.”” One is tempted to generalize this
view of a unionized industry to the economy as a whole, and, indeed,
many economists have yielded to this temptation. Over the period
covered by our study. however, at most 25 percent of the labor force
was employed under collective bargaining arrangements. so that this
generalization makes no sense. Those who cannot find work in the
unionized sector will be supplied to the nonunion sector. depressing
wages there. As a result, there will be important distortions in the
relative wage structure, but we have found neither theoretical pre-
sumption nor empirical evidence to indicate that the effect of unionism
on aggregate wage rates is sizable (or even of predictable direction).*

Since the military is included in our wages and employment data,
with the government treated exactly as a private employer, it is also
important to consider the impact of the military draft. Ideally. one
should deduct those coerced into the military (a figure which would
differ from total draftees) from employment and from "‘population,™
deduct their pay from compensation of employees, and deduct their
product from GNP—in short, redo the national accounts. We have not
attempted this but have instead introduced a wartime dummy variable
to control for the effects of the draft during World War II—the only
period in our sample where draftees form a substantial fraction of total
employment. This is discussed further in section 2.
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2 Aggregate Supply of Labor

Bv the supply of labor. we mean the quantity of man-hours supplied
to the marker economy per vear.” There are several ways in which
this quantity can vary in response to changes in the real wage rate.
The wage rate may influence the size of the population through its
effect on the child-bearing decision. it may affect the fraction of a
given population supplied to the labor force (that is. the participation
rate). or it may alter the number of hours supplied per vear per labor-
force member. We will examine only the last two responses—hours
and participation rates—and attempt to explain changes in total labor
supply for a population of fixed size and with a fixed age and sex
composition.®

The relationship of labor supplied to the real wage. referred to in
the preceding paragraph. is implied by the familiar utility analysis of
the goods-leisure choice facing a single household in a competitive
market. For a household facing fluctuating monev wages and goods
prices. this trade-off at current prices captures only one facet of the
labor-supply decision. Equally important will be choices involving
substitution between furure goods and leisure and current goods and
leisure. Consider. for example. the decision facing a worker who has
been laid off (or who. in our terms. is confronted with a fall in the
wage at which he can find work). Since accepting work at a lower
wage mayv involve. say. an investment in search or in moving to
another community. the decision on current labor supply will differ
depending on the wage he anticipates in the near future. If the current
fall in wages is regarded as temporary. he may accept leisure now (be
unemploved). If it is regarded as permanent. he may accept work
elsewhere.

To examine these features of the labor-supply choice more system-
atically. we shall utilize an extended version of the utility analysis of
a representative household. involving four commodities: current goods
consumption (C) and labor supply (N). and **future’” consumption and
labor supply (C* and N*). The household is assumed to maximize
utility:”

UC. C*. N.N*). U,.U,>0. U, U, <0, &)

subject to the constraint that the present value of consumption cannot
exceed the present value of income. Present values are computed
using a nominal interest rate r. at which the household may lend any
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amount up to its current assets or borrow any amount up to that which
may be secured by future income. The initial nonhuman assets, fixed
in money terms, are A, and present and future goods, prices. and

money wage rates are P. P*. W.and W*. Thus, U 1s maximized subject
to:

pL 3 o . . | 7%
C*SA+WN+l

N*.
1 + r + r (6)

PC +

We assume that for all positive prices a unique maximum is attained
at which C. C*. N. N* > 0. Then the solution to the maximum problem
gives each of these decision variables as a function of the four *“prices™
in (6) and A. In particular, we have the current labor-supply function:

— W o

N=F (W. === P il .A). (7)
I +r 1 +r

The function F is homogeneous of degree zero in its five arguments.

so that if the current price level P is chosen as a deflator. (7) is

equivalent to:

N=F

PP PO P

[W W P* E] (8)

The theory’s implications for the signs of the derivatives of F are,
in general, ambiguous. as one would expect, but on the presumption
that future goods and leisure are substitutes for current leisure, that
leisure is not inferior, and on the presumption that the asset effect is
small, there is a presumption that:*®

OFIOFW/P) > 0, oF/o (—E———> < 0,
Pl + 5 9)

OFo ( i )) <0. OFIO@A/P) < 0.

P+ r

This simple theory of a single household suggests an aggregate labor-
supply function relating total man-hours supplied annually. N,. de-
flated by an index of the number of households, M,. to the empirical
counterparts of the arguments of F. Let W, be an index of money
wages, P, the GNP deflator, r, a nominal interest rate, and A, the
market value of assets held by the household sector. Let W/ and P/
be (unobservable) indexes of the anticipated prices of the composite
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goods “‘future labor™ and ‘‘future consumption’’ based on information
available at r. Then, based on (8), we postulate the log-linear
relationship:

Wi ]
Pl + r)

' Pl* o A[
= Biln [P,(I + ,-,)] Biln (P,M,) ' (10)

where (cf. [9]) B, B., B3, and B, are positive, and 8, may have either
sign.” Letting w, = W, /P, wi = W}/PF,a,= A,/P,,and B, =8, + B> 0,
and observing that In(l + r) ~ r, (10) may be rearranged to give the
more easily interpreted:

In(N,/M,) = By + Blln(Wl/P[) — B:In [

In(N,/M)) = B, + B,In(w,) — B,In(w;)
+ Bulre — In(P¥/P)] — B;ln((lr/Mr)- (1)

Thus labor supply is assumed to depend on current and expected
real wages, on the expected real interest rate, r, — In(P;/P,), and on
asset holdings. The presence of both current and anticipated future
wage rates in this function is very much in the spirit of modern labor
economics in which the laborer is viewed as a capitalist and the
decision to transfer one's supply from one market to another (which
is how one typically accepts a wage cut or obtains a higher than normal
increase in our economy) is recognized as an investment decision. The
presence of the real interest rate (which was suggested earlier by
Patinkin [1965, p. 129]) reflects the ability to transfer consumption
from one period to another.

An alternative way to view the wage response indicated by (11) is
in terms of a current real wage consisting of **permanent’’ and "‘tran-
sitory”’ components.'® Thus the terms involving wages on the right of
(11) may be written 8, In(w,/w) + (8, — B,)In(w/). The variable w/
has the natural interpretation as a permanent or normal real wage rate;
the elasticity of labor supply with respect to this wage may have either
sign, admitting the possibility of a backward-bending supply curve.
The variable In(v,/1 ) is then the ratio of current to permanent wages.
If w, > wi, or if current wages are abnormally high, more labor is
supplied than would be implied by the long-run labor-supply function.
If w, < w, workers are off the long-run supply curve to the left.!!

As indicated above, there is some reason to believe that the asset
effect on labor supply is minor (that 8, is near 0), and for this reason
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this variable was originally excluded from our tests. Later we intro-
duced some rather unsatisfactory ‘‘proxies,”” with generally poor re-
sults.!? These results are reported in the Appendix, but for the present
a,/M, will be dropped from the discussion. Similarly, while results with
a nominal interest rate, r,, are reported in the Appendix, our most
satisfactory models exclude this variable, and it will be dropped from
the discussion which follows.!'? Finally, it is often alleged that during
World War Il appeals to patriotism increased the supply of labor to
both the military and nonmilitary sectors. To account for this, some
of our tests in the Appendix introduce a zero-one dummy variable, D,
equal to one for 194145 and zero otherwise.!'* Each of these variables,
riy In(a,/M,), and D,, figures in (11) in a similar way, so that the reader
should have no difficulty in determining the effect on the model of
adding any, or any combination, of them.

To complete the construction of an operational supply hypothesis,
it is necessary to postulate a mechanism by which the real wage and
price anticipations, w; and P/, are formed. A full analysis of this
problem involves two elements: the formulation in ¢ of forecasts for
periods t + 1, ¢+ + 2, . . ., and the construction of an index number
based on these forecasts. Since we know in advance that this problem
has no neat or illuminating solution, there is little incentive to conduct
this analysis. Instead, we simply postulate the adaptive scheme:

¥ o A
L (—“’) N, (12)

I
Wiy Wiy

where 0 < A < 1, and where ¢*' is added to permit an anticipated trend
in real wages.
In logs, (12) becomes:

In(w/) = An(wy) + (1 — N In(Owf,) + N (13)

Similarly, we assume that price anticipations are formed adaptively,
with the same reaction parameter \:

In(Pf) = N1In(P,) + (1 — M) In(Pf,) + N\, (14)

Since we will allude to the trend term A” at several points when
interpreting our theoretical model and when evaluating our empirical
results, we might mention that this term depends on major political
and military events as well as the past development of prices. Its
determination will not be examined in our study.
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Using a Koyck transformatfon to eliminate w/ and P} ‘.between (1),
(13), and (14) (with r, and «a,/M, deleted from [11] as discussed above),
we obtain:

In(N,/M,) = (BA — N'Bs — N'B3) + (81 — AB2) In(w,)
= (1 = MB;In(w,) + (1 — }\)B3ln(Pt/Pr—1)
+ (1 = M In(N_ [M,_). (15

Estimates of the parameters of (15) and its variants are reported in
section 6.'%

Since the labor-supply equation (15) is not homogeneous in current
money wages and current prices, we might say that there is “*‘money-
illusion™" in the supply of labor. We should stress, however, that this
behavior is not ““irrational,”” nor does it stem from ignorance concern-
ing the course of prices. In (15), *'money-illusion’" results not from a
myopic concentration on money values but from our assumption that
the suppliers of labor are adaptive on the level of prices, expecting a
return to normal price levels regardless of current prices, and from the
empirical fact that the nominal interest rate does not change in pro-
portion to the actual rate of inflation. With these expectations, it is to
a supplier's advantage to increase his current supply of labor and his
current money savings when prices rise.'®

Since (15) rests on the expectations hypotheses (13) and (14) fully
as much as on the utility theory underlying (11), it is evident that one
can expect (15) to obtain only in any economy where wages and prices
might plausibly be forecast as (13) and (14) assume. In particular, a
marked and sustained change in the trend rate of inflation (from one
value of A" to another) will lead households using (14) to consistently
over- or underforecast prices, in which case some other forecasting
scheme would presumably be adopted. We think (13) and (14) are
plausible for the period 1929-65 in the United States, although the
average inflation rate is somewhat higher in the latter part of the period
than in the former. But we wish to emphasize that the theory under-
lying (15) shows that it is altogether illegitimate to insert an arbitrary,
fixed value of In(P,/P,,) into (15) to obtain estimated long-run effects
of inflation on labor supply.

3 Aggregate Marginal Productivity Condition for Labor
We assume an aggregate production function with constant elasticity
of substitution, with constant returns to scale and labor-augmenting
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technological change. Let v, be the real gross national product, N, the
employment variable used in the preceding section, K, the economy’s
real capital stock, and Q, an index of labor quality (in practice, a years-
of-school-completed index).!” Then:

yo = [aQNY " + (K", (16)

where « and ¢ are positive, and b > —1. Then ¢ = /(1 + b) is the
elasticity of substitution. The marginal productivity condition for labor
implied by (16) and profit maximization under competition can be
written in the form:!®

¥i 1+b
w, = aQ, (QN) . (17)
(1 t

Taking logs and rearranging, (17) implies:

In(Ny) + In(Q,) = In(y,) = olIn(a) + olln(w) — In(Q,)]. (18)

Equation (17) is not a specialization of the marginal productivity
condition (2); rather, it is obtained from (2) using the equality k,/m, =
f'(v/my) given by (1). The content of (16) and (17) is, of course, the
same as the content of (16) and the form of (2) obtained from (16). The
main virtue of (17) (or [18]) from our point of view is that it enables
us to have some control over simultaneous equations problems in
estimating the supply function without requiring time series on K.

Equation (18) is operational, and estimates of its parameters have
been obtained. The use of (18), however, rests on the hypothesis that
labor is a freely variable input. To the contrary, there is a good deal
of evidence that varying labor entails adjustment costs and that this
leads firms to adjust gradually to the level implied by (18) rather than
attempting to maintain it continually through time.!® We shall not pur-
sue the analysis of the maximum problem suggested by this remark
but rather simply observe that it suggests a relation involving current
and lagged output and employment, and the current real wage. which
reduces to (18) under stationary levels of output and employment.
Retaining the assumption of log linearity. this may be written:

InNQ,N,) = ¢, — ¢, In (g) + e In(y)

t

+ czIn(vi-y) + o In(Q Ny, (19)
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where ¢, . . . ., ¢, satisfy:
co = (1 = ¢ypoIn(a), ¢ = (1 = c¢yo, ctey=1-=¢,. (20)
Monotonic convergence at fixed wage rates implies:

0'\/\ Cy < l. (21)

which implies that ¢, is positive. Using the last equality of (20) to
eliminate ¢, puts (19) into the form:

In (Q&> =& - &, (ﬁ) oen (Q_Jh)
Ve Ql V-1
+ (e — DIn ( kL ) . (22)

Vi

Estimates of the parameters of (22) are reported in section 6.

It is natural to interpret the presence of real output, v,. in (22) as a
measure of the impact of aggregate demand on the labor market. This
interpretation 1s, however, fallacious, as should be clear from the
discussion in section 1. A fall (for example) in aggregate demand will
involve a shift to the left in the schedule relating real output, v,, and
the price level. P,. This event will appear to individual firms as a price
decline or demand shift, and in response firms will vary output and
labor input simultaneously. Our hypothesis states that, as this adjust-
ment takes place, (22) will remain valid: it does not state that labor
demand will respond to exogenous shifts in output.

In our empirical work, however, output is treated as an exogenous
variable, which gives rise to a simultaneous equations problem. This
difficulty cannot be resolved by obtaining labor demand as a function
of capital stock, wages, and the price level. It is true that such an
equation is entitled to be called a demand function for labor, as (22)
is not. but since the price level is no more exogenous than is the level
of real output a simultaneity problem would persist. In short, there is,
in our view, no way to set up an aggregate labor-market model in
which employment and wages are affected by other variables in the
economy but do not in turn affect them.

4 Measured Unemployment
The government generates an unemployment series based on the num-
ber of persons who answer “‘yes’’ to the question: ‘*Are you actively
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seeking work? 2% There is a strong temptation to assume that re-
spondents to this survey take the question to mean, ““Are you seeking
work at the current wage rate”? '—but it is important to recognize that
this assumption is simply a hypothesis the truth of which is far from
obvious. In our model, it has been implicitly assumed that this inter-
pretation is not correct, since the current way is assumed to equate
quantity demanded and quantity supplied exactly each period. In this
section, we offer an alternative hypothesis about what it is people
mean when they classify themselves as unemployed.

Our theory of the market behavior of suppliers of labor is developed
in section 2. We now return to this theory to see if it can also suggest
a hypothesis about responses to the employment survey. but before
doing so we make some general observations about wage rates and
unemployment. First, an unemployed worker does not generally know
what Ahis current wage rate is. To find out, he must engage in a search
over a variety of employment possibilities (and there are always some),
always balancing the gains from further search against the gains from
accepting a job at the best wage his search has turned up to date. As
a guide in this search process, he must use some notion of his ““nor-
mal’’ wage rate, based on wages in occupations in which he has
formerly worked, wages of comparably skilled and aged workers. and
so forth. The normal wage rate serves as a guide to job search. Once
the searcher becomes convinced that his normal wage rate is lower
than he originally thought, he may **bid"" his money wage rate down
by changing occupations or moving to a new location. Indeed. it is
occupational or locational change which is the principal means
whereby individuals can, in fact, cut their money wages. The search
process may extend over a wide geographic area and may include
search among many different potential occupations. It is not only a
search for information concerning current job availabilities but con-
cerning the future course of job development as well. Because infor-
mation is limited and costly to acquire, and because action on the
basis of acquired information sometimes requires large resource in-
vestments in moving and retraining, the suppliers of labor will adjust
slowly.2!

In the above discussion we speak as though everyone has a reason-
able firm view of his ‘*normal’" wage rate. This of course is an over-
simplification. However, those unemployed persons who can speak
with the least ambiguity about their normal wage rates are those
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workers, primarily industrial, who have been laid off, as opposed to
dismissed, from jobs formerly held. The term lay off has an explicit
connotation of a temporary deviation from a normal or ‘‘permanent’’
situation.

These observations, none of which is original with us, suggest
strongly that the labor force as measured by the employment survey
consists of those who are employed plus those who are unemployed
but would accept work at what they regard as their normal wage rates
(or, equivalently, in their normal occupation). In section 2, we pointed
out that the index w; of anticipated future wages can be interpreted
as a (trend corrected) measure of normal or permanent wages. Ac-
cording to (13), suppliers will regard the current real wage as normal
(that 1s, will not revise their estimates of the height of the trend line
of wages) provided w, = w* |. Similarly, a normal price level may, using
(14). be defined as P, such that P, = P; . Using these definitions of
normal wages and prices, we may evaluate the right side of (11) at
these prices to define normal labor supply N:

In(NF /M) = By + BiIn(wi ) — B, In(w/)
+ Bylr, — In(PF/PE )] — BylInta,/M,). (23)

Then from (11) and (23):

NT‘) - (“‘7‘-1) (Pr*-])
In (‘V' =B,In o + B;51n p ) (24)

Since In(NF/N,)) = (Nf — N,/NF, the left side of (24) is a kind of
unemployment rate. There are two reasons, however, why it might
differ from the measured unemployment rates, U,. First, many persons
in the normal work force, Nf, may not report themselves as actively
seeking work, especially teen-agers and women. Second, there is a
frictional component of measured unemployment which cannot be
captured by a variable which, like our N;, is defined in terms of a
representative household. Since there is good reason to believe that
frictional unemployment varies positively with the nonfrictional com-
ponent, it will not simply appear in (24) as an additive constant.?? To
summarize these two forces, we assume that U, and In(N;/N,) are
linearly related:

U, = go + 21 In(NFIN)), Lo 21> 0, (25)
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then combining (24) and (25):
7 [EK]
U =gy + gBiIn (“', 1) + g,8;In ( : ') : (26)
W, 2

Finally, using the Koyck transformation to eliminate w} and P} be-
tween (26), (13), and (14), we obtain:

’ " “’
U = Ago + NMNgiB + N'gB;3) — g,8/1In ( : )

Wiy

— ¢,8;31n ( By > + (1 = MNU._,. (27)
P(—l

Equation (27) will be added to (15) and (22) to form the three-
equation system which is discussed further below. In our view, it adds
nothing to the theory of labor-market behavior contained in (15) and
(22), but it has independent interest because of its resemblance to the
now famous Phillips curve. (Indeed, defining a Phillips curve as any
equality linking an inflation rate and unemployment with a negative
correlation, (27) is a Phillips curve.) The derivation of (27) from the
labor-supply theory of section 2, together with a behavioral hypothesis
introduced in this section, leads to some strong warnings as to the
empirical performance one should expect from this Phillips curve and
the policy implications one should draw from it.

First, the trend rates of change in real wages and prices (A’ and ")
appear in the constant term of (27). Hence, there is no reason to
expect stability of the Phillips curve across countries with different
inflation rates or rates of productivity change, or in time series on a
single country where these trends change sharply. Similarly, changes
in the trend rate of inflation will induce a counteracting shift in the
Phillips curve, so that (27) in no sense exhibits a ‘“trade-off " offering
arbitrarily low unemployment rates to a country which will tolerate
sufficiently high rates of inflation. (It should be emphasized, of course,
that these assertions about the way in which households perceive and
adjust to changes in trend rates of inflation are not supported empiri-
cally by this study. We rest (13) and (14), which refer to reactions to
deviations from trend rates of change, and assume that expected trends
would be revised, given sufficient cause.)

If we are correct in assuming that the expected trend rate of infla-
tion, A", would eventually adjust to a sustained actual rate of inflation,
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then there is an important sense in which there is a relevant trade-off
between unemployment today and unemployment tomorrow, a prop-
osition suggested by Friedman (1968). To illustrate the point, consider
figure 1. Assume that there has been a sustained rate of inflation of 2
percent so that the expected trend rate of inflation, A", equals 0.02.
Let U] be the steady state value of U, from (27). This value is g, when
A = Alnw,. Now let Aln P, rise to 0.03, and let it be maintained at
this new level. From figure 1 we see that unemployment will fall to

¥, but now the suppliers of labor are consistently underestimating
the price level (recall, P, < P, when A In P, > 0). Consequently, A" will
eventually rise to 0.03, and then unemployment will return to U* (see
[27]). If, on the other hand, a sustained 2 percent inflation is followed
by a sustained 1 percent inflation, unemployment will increase to U3,
but eventually it will return to U*. It appears that a policy designed
to sustain an inflation can temporarily reduce unemployment, but
unless the higher rate of increase in prices can be permanently main-
tained a subsequent attempt to return to the original rate of inflation
will result in an offset to the initial employment gains.>?

5 Summary Statement of the Model

In this section, the model developed in sections 2-4 is restated in
econometric form with a uniform notation. The restrictions on the

Rate of
Inflation
Aln P,

3%

1%

Unemployment Rate

Figure 1
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The reduced-form equations for w, and N,/M, implied by (28) and
(30) are:

P
mio + i In(w,_) + m In ( ! )

In(w,) , o (35)
= + i3 ln <i’—> + TTis ln(Q,) + Tis ln <%)
1\]1 JMI .\vf*I
In {32, (36)
+ misln < o ) + - 1n (N'_'> + €;.
' V-1 ' M, I
where i = | for (35) and / = 2 for (36). The restrictions on 7, . . . ,
Tizs Taps « « - ., implied by (29) and (31) are:
T >0, 7, <0, 73>0, 7,;>0, 7,;>0, (37)
and:
oy < 0. o > 0, T3 > 0. 15 > 0, 7 > (0. (38)

In addition, the hypothesis that the difference equations (35) and (36)
are stable, which was first introduced in the discussion of section 1.,
requires that the real parts of the roots of

X = (g + me)X + (T — W) = 0 (39)

be less than one in absolute value. (If all the information in the struc-
ture were imposed on the reduced form, this quadratic would have
one zero root and one nonzero real root.)

The estimated reduced-form coefficients will, under our assump-
tions, be consistent estimators of the true coefficients and asymptoti-
cally normally distributed when estimated by ordinary least squares.
We have estimated the coefficients of (28), (30). and (32) using two-
stage least squares, which involves using only (35) of the reduced
form. The estimated structural coefficients will also be asymptotically
normal. In addition to the coefficients and their standard errors, we
report the multiple correlation coefficient and the Durbin—Watson sta-
tistic. The latter is included as a rough measure of serial correlation,
although nothing is known about its distribution in models such as
ours.
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6 Results

In this section, we report estimates of the parameters of equations
(28), (30), (32), (35), and (36), and tests of the hypotheses (29), (31),
(33), (34), (37), and (38).2° These estimates were obtained from aggre-
gate, U.S. time series covering the years 1930-65. Employment is
man-hours engaged in production per year in the civilian and govern-
ment sectors. The money wage rate is compensation per man-hour, a
measure which includes wages and salaries, and public and private
fringes. The price level is the GNP implicit price deflator. Real output
is GNP in constant dollars. Labor quality is an index of years of school
completed. Population is an index of the number of households, cor-
rected for changes in age-sex composition.?’

The estimated reduced-form coefficients (equations [35] and [36])
appear in lines 4 and 5 of table 1. The five hypotheses (37) on the
coefficients of the equation for In(w,), (35), are all confirmed at the
.005 level using the relevant one-tail test of significance. Of the five
hypotheses (38) on the coefficients of the equation for In(N,/M,), (36),
only one is confirmed at the .05 level: 7,; > 0 as predicted. The other
four are neither confirmed nor contradicted, the estimated coefficients
being insignificantly different from zero. Good fits were obtained on
both equations: serial correlation appears to be absent. The two roots
of the quadratic (39) are complex conjugates with real parts equal to
0.68, confirming (but with no statistical significance) the predicted
stability of these difference equations. In summary, of the ten sign
implications placed by the theory on the reduced form, six are con-
firmed at the .05 level; four are neither confirmed nor contradicted.
Equation (35) strikingly outperforms (36).

The estimated structural coefficients (equations [2&] and [30] appear
on lines 1 and 2 of table 1. Tests on these coefficients are not, of
course, independent of the reduced form tests just discussed, since the
predictions on the structure imply those on the reduced form. But the
converse of this statement is not true, so that a comparison of the
estimates with (29) and (31) does provide additional information as to
the validity of the model.

The three predictions (29) on the marginal productivity condition
(28) are confirmed at the .005 level. The fit on this equation is good,
and there appears to be no evidence of serial correlation. The coeffi-
cient on Alny, is also different from zero, indicating that one cannot
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add an additional (to [20]) restriction on the coefficients in this equation
without a significant loss in explanatory power.

The five predictions (31) on the labor-supply function (30) are also
all confirmed at the .005 level. The fit on this equation is reasonably
good. There is some slight indication of positive serial correlation.

Estimates of the employment-rate function (32) are reported on line
3 of table 1. Three of the four predictions (33). which are independent
of any implications tested elsewhere. are confirmed at the .005 level:
the fourth is confirmed at the .05 level. The estimated ratios 3,/8,.
and B.,/Bz;. which are predicted to be equal in (34). are. respectively.
0.70 and 1.89. To get a rough idea of the significance of this difference.
one may use the approximation

o (&) _ SE@y)

BA.'B ,832

where SE( ) denotes standard error, which is valid for large samples
and similarly for the standard error of 3.,/8.;. This gives standard
error estimates of 0.41 and 0.69. respectively. Hence it seems unlikely
that the observed difference is significant at the .05 level. Finally. B,
and f.,. whose equality is also predicted in (34), are. respectively.
0.80 and 0.64 with standard errors of .05 and .09, respectively. In
summary, (32) is a satisfactory Phillips curve. and, further. the pre-
dicted link between (32) and the rest of the model appears to be
consistent with the data.

In reviewing these results, the reader should be aware. as we are.
that the absence of small sample tests and the arbitrary nature of the
choice of significance levels makes the test results less easy to interpret
than our rather formal summary might suggest. Further, as discussed
below, many variants of the basic model were also tested. Finally.
many predictions of ““our’" theory are also predictions of virtually any
plausible theory (for example. the prediction that unemployment rates
are positively correlated with their own lagged values). But we wish
to emphasize that the configuration of signs predicted by (29). (31).
and (33) is only one of (2)%3)? = 1728 possible outcomes. The theory
has thus provided us with an extremely sharp prediction on the way
the variables examined are related. and these predicted relationships
have been confirmed by the 1930-65 data.

As a second, informal, way of evaluating our results as well as an
aid in interpreting them. it will be useful to compare them with results
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controlling simultaneously for real and monetary variables). Examin-
ing a different historical period. these writers (Kessel and Alchian
1960) were again unable to uncover any evidence in support of the
wage-lag hypothesis. For the post-World War II inflation, they ex-
amined profit rates in high labor cost industries relative to profit rates
in low labor cost industries. and they could not find a svstematic
difference in the behavior of profits in the two groups of industries.
Our empirical results are not consistent with these findings. For the
period 1930-65. we find that the partial effect of inflation on real wages
I1s negative and quantitatively significant. A 10 percent increase in
prices will result in a 2.2 percent decline in real wages. and this result
is based on a model which controls for real factors in the form of the
variable output per capita, (v,/M,).3°

To this point, we have been concerned exclusively with a single
model, which has been found to be consistent with the 192965 data
we used. and, in a general way. consistent with several previous
related empirical studies. As remarked at several points above. this
model is but one variant of the class of models suggested by our
theory. Other variants are obtained by adding different combinations
of asset variables, nominal interest rates. and a dummy variable to
control for wartime phenomena. In addition, models based on a dif-
ferent price-and-wage expectations hypothesis were tested. These re-
sults are tabulated and discussed briefly in the Appendix.

There are three important reasons for including these additional
results. First, since our discussion of the tests in this section empha-
sizes the small probability that our predictions could have been con-
firmed “'by chance.”” we are anxious to make clear that the predicted
configuration of coefficient signs is confirmed in all the variants esti-
mated. Second. our selection of the model reported in this section as
the ""best™ of those estimates was made on informal and tenuous
grounds. Finally, many coefficient estimates vary rather widely de-
pending on which other variables are included. so that the standard
errors reported in table 1 overstate considerably the accuracy of these
estimates.

7 Summary and Conclusions

The aim of this study has been to construct and test an aggregative
model of the U.S. labor market. On the demand side of this market.
we emploved a variant of the widely used marginal productivity con-
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dition based on a constant elasticity of substitution production func-
tion. The aggregate supply function tested was suggested by a
Fisherian two-period model of a representative household. This theory
views suppliers of labor as reacting primarily to three variables: an
anticipated “‘normal’’ or ‘‘permanent’’ real wage rate, which corre-
sponds to the wage rate in the usual one-period analysis of the labor-
leisure choice and has a negligible effect on labor supply; the deviation
of the current real wage from this normal rate, which has a strong,
positive effect on labor supply: and the deviation of the price level
from its perceived ‘‘normal’” trend, which also has a strong positive
effect on labor supply.

This labor-supply theory has been shown to resolve two apparent
contradictions in the economic theory of labor markets. First, as
stressed in the introduction and in section 1, it is consistent both with
the observed wage inelasticity of labor supply in the long run and with
short-run fluctuations in employment, which require an elastic labor
supply. Second, by regarding the labor-supply choice as depending on
a multiperiod decision problem, ‘*money illusion,”” in the sense of a
supply function which is not homogeneous of zero degree in current
money wages and prices, is reconciled with rational behavior on the
part of households.

As a corollary to the supply theory utilized in this paper, the survey-
measured labor force (as used to compute unemployment rates) is
viewed not as an effective market supply, part of which cannot find
employment, but rather as the supply of labor which would be forth-
coming at perceived normal wages and prices. Measured unemploy-
ment (more exactly, its nonfrictional component) is then viewed as
consisting of persons who regard the wage rates at which they could
currently be employed as temporarily low and who therefore choose
to wait or search for improved conditions rather than to invest in
moving or occupational change. The view that nonfrictional unem-
ployment is, in this sense, ““voluntary’" does not of course imply that
high measured-unemployment rates are socially costless. Rather, it
implies that economic fluctuations are costly, not simply because they
induce idleness but because they lead workers as well as capitalists to
make investments (in moving, training, and so forth) on the basis of
perceived rates of return which cannot in fact be sustained.

We conclude with a brief mention of two problems which we regard
as central to an understanding of labor markets and which our study
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cannot be used to answer. One is tempted to use our estimated struc-
tural equations to study the dynamics of the labor-market response to
changes in prices and output. As we have stressed at several points
above, however, this question is illegitimate: movements over time in
labor-market variables will be determined simultaneously with changes
in other sectors. Thus, while we know that our model is consistent
with a gradual approach to full employment equilibrium. we cannot
say whether or not the speed of approach is consistent with the ob-
served business cycle. Second, our model emphasizes the crucial role
of expectations formation, while testing only the very crudest expec-
tations model. We have used an adaptive scheme which will clearly
hold only under reasonably stable rates of price increase. To define
what is meant by reasonable stability, and to discover how expecta-
tions are revised when such stability ceases to obtain, seem to us to
be a crucial, unresolved problem.

Appendix Additional Results

As indicated in section 6, several versions of the basic model have
been tested. We refer to the model reported in section 6 as model I:
models 2 through 9 are described below.

Our basic model omits interest rates, real nonhuman assets per
family. and the wartime zero-one dummy variable from the supply
equation. Given our expectations assumption, each variable must be
introduced by using both the current and one-period lagged value. In
models (2) through (4), each variable is introduced separately.

We have also experimented with an alternative expectations hy-
pothesis. Models (5) through (8) are the same as models (1) through
(4) except that anticipated real wages and prices are formed in the
following simple ways:

Inwf = Xlnw, + (1 — M)Inw,_, + A", (AD)
and
InPf =pulnP, + (1 —w)nP, +u', (A2)

where0< A< 1,and0< u < I, and A" and u' are the expected trend
rates of growth. Substituting (A1) and (A2) into the labor-supply equa-
tion (11), we obtain a different equation from (15). In particular, except
for w,_, and P,_,, there are no other lagged independent variables nor
does the lagged dependent variable appear. With this formulation there
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remains considerable statistical evidence as indexed by the d statistic
of serial correlation in the residuals.

Model (9) is the same as model (1) except that a time variable is
added to the first-order condition and both reduced forms. We interpret
this variable as an index of technical change.

Space limitations prevent us from discussing each estimated model
in as complete a detail as we have done for model (1). However, tables
similar to table | are contained in the Lucas—-Rapping chapter in Phelps
et al. (in press), and each reader is free to tabulate or summarize those
aspects of our results which he thinks are most relevant. We have
chosen to summarize our statistical results by stressing the estimated
short- and long-run elasticity of labor supply and the effect of inflation
on the supplv of labor. The relevant supply elasticities for all of the
models—(1) through (9)—are summarized in table Al. We will also
summarize the overall “‘goodness-of-fit'” of our models by tabulating
the number (and proportion) of statistically significant reduced-form
estimates as well as a separate tabulation for the structural estimates.
This is done in table A2.

When the Moody's Aaa interest rate and its lagged value are added
to the supply equation (model [2]), the short- and long-run supply
elasticity is practically unchanged as compared to that obtained in
model (1). And since the estimated effect of inflation is also unchanged,
it would appear that omitting the interest rate variable does not seri-
ously bias the remaining coefficient estimates. However, we do not

Table A1 Some Highlights of Supply Equation Estimates for Models (1) through
(9)

Short-Run Long-Run Effect of
Labor Supply Labor Supply Inflation on
Model Elasticity Elasticity Labor Supply Variables Held Constant
1 1.40** 0.03 0.74** (NIMY, -,
2 1.35** 0.03 0.70** (NIM), o, rore o
3 0.78** 0.12 0.49** (NIM), 1, Dy Dy
4 1.12* 0.58 0.68** NIM) 1, @My, ac /M,
5 3.93** 0.03 1.14> —
6 3.59** 0.04 1.03** ry
7 2.11% 0.10 0.55* D,
8 2.93** -0.07 1.04** a./M,
9 1.13* 0.01 0.72** (NIM),

* One-tail significance at .05 level.
** One-tail significance at .005 level.
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Table A2 Summary of Estimates for Models [1) through (9

No, of Significant No. of Significant
Reduced Form Estimates Structural Estimates
Model Compared to Total Compared to Total
1 6,10 99
2 5112 911
3 514 1011
4 1114 81
5 58 747
6 710 78
7 810 88
g 3:10 718
9 610 S'S

attach special importance to this result because we have serious res-
ervations concerning the meaning of the Aaa rate as an index of the
rate relevant to households.

When the current and lagged interest rate variables are replaced by
the current and lagged wartime dummy variable (model [3]). the results
are broadly consistent with our supply theorv. But there is an impor-
tant difference between model (3) and model (1) in that the estimated
short-run real wage elasticity and the inflation-elasticity estimates are
smaller in model (3) than in model (1). While the point estimates are
significantly different in an economic sense. theyv are not significantly
different from each other as the 5 percent r-test level. The point
estimates on the dummy coefficient indicate a quantitativelyv important
wartime effect—the supply of labor rose by 12 percent because of the
war. This may reflect a patriotism effect.

We have made no attempt to construct our own nonhuman house-
hold-wealth series. Instead we have used three different readily avail-
able series on nominal. nonhuman wealth—and deflated these series
by the implicit GNP deflator and by our population index to obtain
(a./M,)in (11). Model (4) is based on the Meltzer wealth series.’' The
Meltzer wealth series was obtained directly from Professor Meltzer
(1963). This series is for reproducible wealth less government repro-
ducible wealth plus government debt. It covers the period 1930-38.
and. therefore. models (4) and (8) are based on only twentv-nine
observations. In model (4) the addition of nonhuman wealth per capita
increases the estimated long-run supply elasticity. However. this find-
ing is based on a model in which the estimated asset coefficients are



46 Wages,
Employment, and
Inflation

insignificantly different from zero in both the structural equations and
the reduced forms.

Estimates of the real wage and inflation coefficients for models (5)-
(8) are summarized in table Al. On the whole, the assumption that
only the present and the recent past influence the formation of expec-
tations generates larger estimates of short-run supply elasticities than
were previously obtained.

Model (9) vields supply elasticities similar to model (1). An exami-
nation of the estimated first-order condition indicates that all of the
production-function conclusions are practically unchanged when a
time variable is added.

In table A2 we show the ratio of the number of significant reduced-
form and structural coefficients to the total number estimated. In this
summary, we omit all of the coefficients for which our theory does
not predict the signs. This includes the estimated coefficients for the
intercept, the change-in-income variable, the labor-quality variable.
and the time variable.

The summary results in table A2 suggest to us that among a broad
class of models using the same general body of time-series data. *"sig-
nificant”” results are almost always obtained. And, broadly speaking.
conclusions concerning the effect of transitory and permanent wage
changes as well as inflation on the supply of labor remain intact re-
gardless of which model we use.

Notes

1. Leaving aside studies of the relative supply of labor to individual industries
or firms, most of the empirical work on the supply of labor can be separated
into three categories. Studies of hours of work per unit of time per member
of the labor force have found a negative relationship between wage rates and
hours supplied, especially for male members of the labor force. This result is
reported by Lewis (1956), Finegan (1962), Jones (1963). Kosters (1966). and
Rosen (1969). A second group of studies has examined the relationship be-
tween participation rates and wage rates. These have largely been cross-
sectional studies. and they have reported a positive wage-rate effect for women
and a small negative effect for men. The reader will find these results in
studies by Douglas (1934), Long (1958), Mincer (1962, pp. 63-105). Bowen
and Finegan (1965), and Cain (1966). To the best of our knowledge. no attempt
has been made to combine all of the existing hours per head and participation-
rate studies in such a way as to infer an aggregate supply of labor schedule for
a population fixed in terms of its demographic characteristics.
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The above-mentioned studies represent attempts to isolate the long-run

effect of a permanent change in real wages on labor supply. On the other
hand, a third class of labor-supply studies has investigated the short-run
cyclical behavior of labor supply as measured by participation rates and their
relationship to unemployment rates. These studies suggest a procyclical be-
havior in the supply of labor. See Mincer's summary of these studies (1966)
and recent papers by Black and Russell (1966), Tella (1966), and Cain and
Mincer (1969).
2. A bargaining interpretation of the Phillips relationship is given by Eckstein
and Wilson (1962) and Perry (1964). Others have attempted to motivate the
Phillips curve by appealing to an ““out-of-equilibrium™ adjustment function.
This was the original motivation suggested by Phillips (1958) and later Lipsey
(1960), and this view is extended in a recent paper by Phelps (1968). For a
discussion of the Phillips relationship and the joint influence of collective
bargaining and monetary-fiscal policy. see Bronfenbrenner and Holzman
(1963). See also Bronfenbrenner’s discussion of government wage-price guide-
lines (1967).

3. Historically, much has been made of the distinction between "*voluntary”™”
and “'involuntary’ unemployment. When formulated carefully, however, this
distinction turns out to be purely formal and serves only to obscure the
important distinction between models in which labor-market equilibrium im-
plies a particular (full employment) level of output independent of the level of
aggregate demand and models in which this implication does not hold. Our
model is in the latter class. Without attempting a definitive review of the post-
Keynesian literature, we wish to point out that many writers appear to treat
labor markets as being in equilibrium throughout the cycle. Patinkin (1965, p.
341) interprets Modigliani (1951, pp. 186-239) in this way and attributes to
Lange (1945) this interpretation of Keynes. After seeking to differentiate
himself from those who insist on labor suppliers being “‘on their supply
curves'  at each point in time, he himself attributes *‘rigidities™” to the fact
that “"individual decisions . . . respond only ‘stickily’ to market changes™ (p.
343). Similarly Rees (1951) attributes wage rigidities to the wunwillingness of
employers to cut money wages. Of course, Patinkin is correct in asserting that
it is not necessary to construct models in which labor markets are continuously
cleared, but, as his discussion of the Keynesian literature makes clear, the
continuous-equilibrium view is in no sense a radical departure from the views
of earlier theorists, nor does it have, in itself, any obvious normative
consequences.

4. While the effect of collective bargaining on relative union/nonunion wage
rates has been established (at various points in time) by Lewis (1963), the
bargaining effect on the aggregate wage rate (weighted average of union and
nonunion rates) remains uncertain and, indeed, largely unexplored. Since
successful union activity will reduce employment in the unionized sector,
releasing workers to the rest of the economy, there is not even a presumption
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that the union effect on the aggregate wage rate is positive. For example, if
the demand elasticity for labor is unity in both sectors (union and nonunion)
and if labor is inelastically supplied, unions will have no effect on either
aggregate employment or the average wage rate. Even if one assumes an
inelastic labor demand in the unionized sector, the union effect on wages at
the peak of union power (the 1950s, when 25 percent of the work force was
unionized and the relative union/nonunion wage was, according to Lewis,
1.15) is estimated at less than 4 percent. Since the percentage of the labor
force covered by collective bargaining agreements has varied from 9 percent
in 1929 to a high of about 25 percent in 1953, time-series analyses of the impact
of bargaining on real wages has been possible. The few empirical studies we
have examined suggest that collective bargaining may have a modest upward
impact on aggregate real wages, but most of the observed secular and cyclical
variation in this series is explained by competitive market forces. This con-
clusion is suggested by Rees (1959) in his study of real wages in manufacturing
for the period 1889-1957, and by Cagan (1968) who also examined the man-
ufacturing wage data for the period 1890-1961.

5. Our analysis will be restricted to the household decision problem involving
the choice between market work and leisure. This is admittedly an oversim-
plification of a more complex decision problem involving choices among mar-
ket work, leisure, homework, and schoolwork. Our approach obviates the
need for discussion of an implicit homework wage rate, and it also permits us
to suppress the formal introduction of an explicit schoolwork wage rate. For
a fuller statement of these issues, see Mincer (1962), Cain (1966), and Kosters
(1966). It should also be stressed that since we are defining leisure to include
all uses of time except remunerative labor, this term covers a variety of
activities: for example, schooling, job seeking, retirement, and housework.

6. We are aware that in treating the population as exogeneous we are failing
to explain the single most important factor accounting for the secular growth
in the U.S. labor force (on this point see Easterling 1965). Yet this assumption
does not in any way lessen the usefulness of our model in understanding the
dynamics of labor supply and in separating short- from long-run labor supply
responses to once-and-for-all real wage rate changes.

7. Liviatan has shown (1966) that the common procedure of collapsing an n-
period decision problem into a two-dimensional problem raises the usual index
number problems. These problems are neither more nor less severe than those
which arise when, say, the price level is measured by an index, a procedure
quite common in economics.

8. To obtain information on the signs of the partial derivatives of the labor-
supply function F given in (7) from the hypothesis that the household maxi-
mizes (5) subject to (6), we follow the standard procedure of expressing each
derivative as the sum of two terms: a Slutsky, or substitution, term and a term
representing the asset (income) effect of a price change. Let K(N, W) denote
the substitution effect of a wage change on current labor supply, and so forth.



49 Wages,
Employment, and
Inflation

Then:

OFloW = KIN.w) + N 2L
0A

* * .
i (V) <k (. W) e 2

1 +r 1 +r dA
B oF
K(N,P) - C 9A

N Y
I\(N'l+r) 4 0A "’

aFlor

(P
OF /0 (1 +'_)

The only implication of the utility maximization hypothesis for the signs of

the individual terms is: K(N, W) > 0. The additional hypothesis that con-
sumption in both periods and future leisure each are substitutes for current
leisure implies that the other three substitution terms are negative. Finally,
we suppose that F/0A is negative but negligible. Combining these hypotheses
yields (9).
9. The implication of our theory is that a change in the wage rate will elicit a
particular labor-supply response from the household. As a practical matter, of
course, there is no single wage rate. Instead, wages vary according to occu-
pation, education, sex, race, geography, and religion. When labor-supply
responses vary with these characteristics, relative as well as absolute real
wages will influence the aggregate supply of labor. It is assumed that over our
sample period. changes in the relative wage structure are such that equation
(10) remains a good approximation of the true relation among the included
variables.

1l

10. The distinction between the labor-supply effect of a permanent as opposed
to a transitory real wage-rate change serves as the basis of Friedman's (1962)
explanation of the unusually large increase in the supply of labor during World
War II. To the best of our knowledge, Friedman was the first to suggest the
empirical usefulness of the permanent-transitory wage-rate distinction when
studying the supply of labor. In studying the labor supply of married women,
Mincer (1962), Cain (1966), and Cain and Mincer (1969) have distinguished
between the effect of permanent and transitory variables on the supply of
married women. But their model and objectives are different from ours. We
do not address ourselves to the problems of the intrahousehold allocation of
leisure and work, and it is difficult to compare directly our model with models
primarily designed to explain the labor-supply behavior of the female member
of the household. Nonetheless, we should stress that they have distinguished
between the effect of permanent and transitory variables on the supply of
female labor.

I1. Like Friedman'’s original permanent income hypothesis (1957), this view

of labor supply has life-cycle as well as business-cycle implications. For
example, the theory ‘predicts’” that workers will concentrate their labor
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supply in years of peak earnings, consuming leisure in larger than average
amounts in childhood and old age. A systematic development and testing of
such implications is beyond the scope of this paper.

12. Our assumption that the nonhuman asset effect is small is consistent with
some but not all of the available literature. Using a nonemployment income
variable which includes reported income from owned assets, transfer pay-
ments, and other items, Bowen and Finegan (1965) obtained a negative and
significant coefficient when regressing participation rates on this variable.
They obtained this result for the years 1940, 1950, and 1960 and for several
different age-sex groups. But another cross-sectional study by Kosters (1966)
who used the 1960 0.1 percent sample was considerably less successful in
identifying a nonemployment income effect on male hours of work. Kosters
discusses the measurement problems occasioned by the use of census nonem-
ployment income data as a proxy for income from nonhuman assets.

13. In the model reported in section 6 and in many of those reported in the
Appendix, either the asset variable or the nominal interest rate or both has
been excluded from the regression equation for labor supply. In these cases
the link between (9) and the version of (11) with r, and In(a,/M,) omitted needs
clarification. A household’s nonhuman wealth will consist of claims to future
income, partly fixed in money terms and partly in real terms. (For the repre-
sentative household, A is, of course, positive.) An increase in future prices P*
will then induce an increase, less than proportional, in the current market
value of assets. In regressions which include an asset variable which measures
market value, this capital gain or loss effect of price changes will be controiled
for. Since the gain in assets is positively related to P*, and assets are negatively
related to current labor supply, the negative effect of P* on current labor
supply will be accentuated in regressions omitting In(a,/M,). Hence B; is
positive, whether or not an asset variable appears in (11). When the interest
rate r, is omitted, a similar issue is raised. The nominal rate may vary with
PFIP,. so that 3, is biased toward zero in regressions with r, excluded. There
is some theoretical ground for believing this effect to be present, but there is
little evidence that nominal interest rates adjust to expected inflation with
sufficient speed to maintain a constant real rate. Indeed, the evidence indicates
a very slow adjustment. Fisher (1930, p. 418). who empirically investigated
the relationship between interest rates and the change in prices for the United
States and Great Britain, concluded: “*The results suggest no direct and con-
sistent connection of any real significance exists between P’ [the actual rate
of price change) and i [the rate of interest].”” (The definitions in brackets were
supplied by us.) A more recent study by Sargent (1969) corroborates Fisher’s
findings.

14. Insofar as D, indexes patriotism, it reflects a rightward shift in the supply
function, resulting in increased employment and lower average wages (other
things equal). We will also regard D, as an admittedly imperfect control for
the effect of the draft. As a measure of the effect of the draft, it has a positive
effect on employment and an uncertain effect on the wage rate. If all of the
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reluctant military personnel are from the nonmarket sector, the draft is simply
a leftward shift in market demand with a depressing effect on wages. On the
other extreme, if all of the coerced military personnel are from the nonmilitary
market sector, the effect on average wages will depend on both the elasticity
of labor demand in the nonmilitary sector and the difference between military
pay rates and market rates. The effect of D, will thus depend in an unknown
way on patriotism and draft forces. It is our judgment that the net effect on
wages will be negative: the effect on employment is positive.

15. One need not view (12) and (13) as exact equations. We will subsequently
introduce an error term in (15) and assume that the errors are serially inde-
pendent. Under this assumption. error terms in (12) and (13) are necessarily
serially dependent. and this dependence is broken by the Koyck
transformation.

16. The assumption that price expectations are formed on the (trend corrected)
level of prices as opposed to their rate of change is crucial to the predictions
of our model, since it accounts for the ~switch™ in sign on the coefficients of
the inflation term in passing from (11) to (14). The appropriateness of this
assumption is. of course. an empirical question, but we wish to point out that
the route we have taken has a long history. To illustrate. we quote first from
Hicks (1946, pp. 270-71): "*In order to explain the rigidity of wages. we have
to assume in the parties to the wage bargain some sense of normal prices.
hardly distinguished (perhaps) from “just prices. The rigidity of wages extends
over precisely that time—it may be quite & long time—during which the parties
concerned persuade themselves that changes in related prices (whether prices
of the products of labour. or of the things labour buys) are temporary changes.
Once they become convinced that these changes are permanent changes, there
is a tendency for wages to change: in situations of extreme instability. when
they have lost their sense of normal prices. negotiators have recourse to
automatic sliding scales and the rigidity of money wages ceases altogether.”
Our treatment differs from Hicks™ in its asymmetrical handling of suppliers
and demanders. A still closer forerunner of our model is provided by Tobin
(1952, p. 581): ""Labor may have inelastic price expectations: a certain "nor-
mal’ price level, or range of price levels. may be expected to prevail in the
future. regardless of the level of current prices. With such expectations, it is
clearly to the advantage of wage earners to have, with the same current real
income, the highest possible money income. For the higher their money
incomes the greater will be their money savings and, therefore. their expected
command over future goods.™

In his celebrated study of hyperinflation, Cagan (1956) assumed that the
expected rate of price change was an exponentially weighted average of past
inflation rates. Since his application involved monthly inflation rates compar-
able to the rate of price change per decade in our sample, there is no incon-
sistency between his practice and ours. Previous studies which used
expectations adaptive on price levels include Nerlove's study of the supply of
farm products (1958), and Lewis’s study of union'nonunion wage determina-
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tion (1963). More recent studies, such as Sargent (1969), have used hypotheses
permitting both ‘‘extrapolative’” (like Cagan’s) and ‘‘regressive’” (like ours)
components in the expected inflation rate. In short, there is no empirical
consensus on the formation of price expectations, nor indeed should there be,
since inflation policies of governments vary over countries and over time and
households are obliged to vary the way they form expectations accordingly.

17. While our basic model includes only labor-embodied technical change, we
do not rule out other sources of technical change. In the Appendix we present
results based on a constant elasticity of substitution production function which
contains not only labor-embodied technical change but a neutral source of
technical advance introduced by multiplying equation (16) by ¢*.

18. See Arrow er al. (1961).

19. The investment in firm specific on-the-job training is perhaps the single
most important factor making it costly for firms to continuously adjust their
work forces. Both Oi (1962) and Becker (1964) develop this argument to
explain the quasi-fixity of labor inputs. Schramm (1967) treats labor and capital
inputs symmetrically as partially fixed factors and finds that in the manufac-
turing sector lagged values of horh variables affect current input decisions.
There is also considerable evidence to suggest that the employment/output
ratio rises during downturns and falls during upturns, an observation implying
labor adjustment costs. However, there are wide differences among studies in
the estimates of the short-run elasticity of labor inputs with respect to output.
Using post-World War IT quarterly data, estimates between 0.30 and 0.55
have been obtained by Wilson and Eckstein (1964) and Kuh (1965, 1966), but
the estimated elasticity is quite sensitive to what is held constant in the
regressions. McGuire (1968) has carefully documented this fact and has ob-
tained estimates in the range 0.8 and 0.9 on quarterly data.

20. The unemployment series most often used is based on a census survey.
Presently, unemployment is defined as follows: **Unemployed persons com-
prise all persons who did not work during the survey week, who made specific
efforts to find a job within the past four weeks, and who were available for
work during the survey week (except for temporary illness). Also included as
unemployed are those who did not work at all, were available for work, and
(a) were waiting to be called back to a job from which they had been laid off:
or (b) were waiting to report to a new wage or salary job within 30 days™
(quoted from U.S. Department of Labor 1968, p. 48).

21. Perhaps the clearest statement of the view that unemployment is essentially
employment at job search can be found in Alchian and Allen (1967, pp. 494—
524) and Mortensen (in press). While Alchian and Allen emphasize information
lacunae and search costs as the source of lagged wage adjustments. another
paper by Holt and David (1966) stresses a kind of psychological resistance to
wage cuts in the form of an aspiration-level model which is combined with a
search process to generate unemployment. The Alchian—Allen model is closely
related to an earlier paper on information by Stigler (1961), while the Holt—
David view is very much in the spirit of Simon’s work (1957).
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22. The argument that frictional unemployment and nonfrictional unemploy-
ment do not additively determine aggregate unemployment is developed by
Gaver and Rapping (1966) in terms of a stochastic job-search model with jobs
being simultaneously created and destroyed.

23. Our argument that there is no long-run employment-inflation trade off is
based on theoretical considerations. In another study (Lucas and Rapping, in
press), we attempt to empirically verify this position within the framework of
a more general price expectations model than equation (14).

24. The prediction that 3,, > 0 follows from considerations raised in section
1 rather than in section 2: since 3,, is the short-run labor-supply elasticity, it
must be positive for the aggregate supply function of goods to have the upward
slope assumed in section 2. The inequality 8., < 8../8., follows from 3, > 0,
which is implied by the argument of section 2. Also note that since 8., > 0
follows from other predictions in (31), (31) contains five (not six) independent
restrictions.

25. We have already discussed the assumption that v, and P, are exogenous.
On the other hand, we think of M, and Q, as predetermined variables. The
current population and its quality are the result of past decisions which, of
course, depend in part on past real wage rates.

26. Formally, we regard (28), (30), and (32), together with the assumptions on
the error vectors, as a maintained hypothesis, and we wish to test the hy-
pothesis that the parameters 8, B2, B21» Bazs Boss Bars Ba2. and By lie in that
subset of nine-dimensional space satisfying (29), (31), (33), and (34). (The
matter is further complicated if we test rather than assume the serial inde-
pendence of the errors.) In lieu of a generally accepted test of hypotheses of
this sort, we shall summarize and evaluate our results from several points of
view using the customary *‘z-statistics’” as measures of precision. Hence our
conclusion that our model is “"consistent with the 1929-65 data . . . and with
several related empirical studies’ should be regarded as a careful but informal
conclusion on our part, not as a consequence of any single, formal, statistical
test.

27. The data used in this study are available upon request. The series on
measured unemployment is from Lebergott (1964) and the Manpower Report
(U.S. Department of Labor 1967, p. 201). The Moody’s Aaa rate (used later)
is from the President’s Economic Report (Council of Economic Advisers 1967,
p. 272). Gross national product, the implicit GNP deflator, compensation per
full-time equivalent employee, and persons engaged were all taken from Sur-
vey of Current Business sources (U.S. Department of Commerce 1966, pp. 2,
90, 102, 110, 158). The man-hour series is the product of the number of persons
engaged in production reported by the Department of Commerce times annual
hours worked per year by full-time employees for the whole economy as
reported by Denison (1962, p. 85). Denison's series was extended beyond 1958
by regressing his series on the Bureau of Labor Statistics (BLS) weekly
manufacturing hours series (U.S. Department of Labor Statistics 1966, p. 44)
for the years 1929-58. Then, this regression equation was used in conjunction
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with known BLS manufacturing hours data to predict hours for the whole
economy for 1959-65. Compensation per man-hour was obtained by dividing
annual compensation per full-time equivalent employee by annual man-hours
worked by full-time employees. The index of labor quality is taken from
Denison (1962, p. 85). His data were available from 1929-58 and were extended
by a simple linear extrapolation. The aggregate supply of labor, N,, was
deflated by a vanable which accounts for changes in the total supply of labor
due solely to changes in the total number of households as well as the joint
age-sex distribution of the population. The nominal nonhuman asset variable,
A, (used later), should be deflated by an index of the number of households
only. However, because our age-sex corrected population series was roughly
proportional to the population over fourteen years of age, we deflated both N,
and A, by the same index, M,. In constructing M,, let L, = the labor force in
the zero period of the ith age-sex group, and let P, = the population of the
ith group again in the zero period. Then we define our population index as
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This index has two simple and equivalent interpretations. First, it is a weighted
average of the percentage increase in the population of each age-sex cohort,
the weights being the percentage of the base year labor force who are members
of the particular age-sex group. Second, writing the index as
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we interpret it as the relative increase in the labor force that would have
occurred because of the change in population if the base period participation
rates had remained unchanged. The index i covers six age-sex groups—males
and females separately for age groups 14-20, 20-65, and 65 and over. We used
the 194749 arithmetic average of reported participation rates taken from the
Manpower Report (U.S. Department of Labor 1965, p. 202). The figures
include the armed forces and institutional population. The population data are
taken from Current Population Reports (U.S. Department of Commerce), and
these data include estimates of overseas military personnel. Prior to 1940 it
was assumed that there were 150,000 overseas personnel; subsequent to that
date the above sources included overseas personnel.

28. Both the time-series and cross-section CES production function studies
are summarized and discussed by Nerlove (1965). Additional CES time-series
production-function estimates can be found in a study by Lucas (1964).

29. One should be cautious in interpreting this equation. In particular, although
the coefficient of In Q, is apparently near zero, this should not be interpreted
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to mean that changes in labor quality do not affect real wages, since our real
income variable already includes the secular wage effect of improvements in
labor quality as well as other sources of technical change. For this reason
there is an important sense in which our model does not “‘explain’ the secular
growth in real wages. Similarly, note that the population variable like the
income variable also affects real wage movements but is left unexplained in
our model.

30. Kessel and Alchian (1962) have argued that even when inflation is fully
anticipated, real wages may still decline, ceteris paribus, because firms will
shift to more capital-intensive processes which reduces the demand for labor.

31. Similar results were obtained with the Ando-Brown (1964, p. 20) and
Chow (1966) series. Upon request, results using these series are available.
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Unemployment in
the Great Depression:
Is There a Full
Explanation?

Introduction

Professor Rees’s reactions to our econometric study of the U.S. labor
market, recently published in this Journal (1970), raise a bewildering
variety of issues. Many of these issues have to do with “‘important
implications for policy’” which ““lurk close . . . to the surface,” as
Rees sees it, of our study. These implications, whatever they may be,
remain submerged after one has read Rees’s remarks. We shall not
attempt to guess at their nature or respond to them.

There are, however, two substantive issues raised by Rees which
deserve further discussion. Rees asserts that “‘in this [that is, our]
model unemployment arises from the recalcitrance of suppliers and
not from deficiencies in demand.’" This highly misleading statement is
corrected in section 1 of this note. Rees also raises the important
empirical question of whether our theory does succeed in accounting
for labor-market behavior during the period 1929-39. Further study on
our part indicates that Rees’s skepticism on this point is well founded:
our hypothesis accounts for much, but not all, of the observed labor-

market rigidity during this period. These results are reported in section
2

1 Aggregate Demand and Unemployment
Near the end of his paper, Rees observes: ‘It should be stressed that
although real GNP enters the Lucas-Rapping model as an exogenous

Reprinted from Journal of Political Economy 80 (January/February 1972):186-191
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variable, it does not appear in the unemployment rate function. Mea-
sured unemployment depends only on price changes, the relation of
current to past wages, and past unemployment. Again this brings out
that in this model unemployment arises from the recalcitrance of sup-
pliers and not from deficiencies in aggregate demand.”

The first two sentences of this paragraph refer to equation (32) in
Lucas-Rapping (1969). They are accurate, as inspection of (32) veri-
fies. The third sentence, however, simply does not follow. Our un-
employment-rate function (32) is one of three structural equations in
a three-equation system. To determine the effect on unemployment of
a variable classed as exogenous to the labor market, as is real GNP in
our scheme, one must examine the reduced-form equation for unem-
ployment. While we did not exhibit this equation in Lucas-Rapping
(1969), it is readily determined from (32) and the reduced form for real
wages, equation (35) as reported in our previous paper.

Since reported unemployment is a function of real wages in equation
(32) and since real wages are a function of real GNP per household in
equation (35), we obtain (1) below by combining these two equations:

U, = —Bsimy3In(y,/M,) + other terms, (1)

where U, is unemployment as a fraction, and v,/M, is real GNP per
household. Since 8;, and 73 are predicted to be positive, the predicted
effect of real output on the unemployment rate is negative, as one
would expect. Quantitatively, using our table 1 (1969) estimates, the
effect is about —.51, meaning that for, say, a 10 percent decline in real
output per capita, the unemployment rate rises by 5.1 percentage
points.

Clearly, there is no reason to interpret our model as viewing un-
employment as generated within the labor market independently of
aggregate demand. On the contrary, as we promised in section 1 of
our 1969 study, our model is “*consistent with the observed fluctua-
tions in real output and employment [and, we now add, in unemploy-
ment] in the face of shifting aggregate demand.”” Of course, Rees is
correct in his assertion that our model implies a zero rate of unem-
ployment if workers were willing to sell apples or shine shoes. (Is
there any theory which does not carry this implication?) But to infer
from this observation that antidepression policy should be limited to,
or even involve, exhortations to workers to behave in this way is
fantastic. The only aggregative economic policy implications we see
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for events like the Great Depression are the standard ones: if possible,
avoid the aggregate-demand shifts which cause them; failing this, pur-
sue corrective demand policies to make them as brief as possible.

In our view, then, the assumption that the labor market is cleared
has no implications, in itself, for cyclical policy. Any attempt to con-
vince us (and, we hope, our readers) otherwise must involve a serious
effort to draw these implications from our model as we stated it, not
plays on words like ‘‘voluntary,”” ‘“‘recalcitrant,”” and so forth.

2 Labor Supply in the Depression

The second substantive issue Rees raises concerns the plausibility of
our view of household-decision making during the depression years.
After accurately paraphrasing our view that ‘‘the current wage rate is
viewed by the unemployed as below the wage rate they could normally
expect, leading to their temporary withdrawal from the labor supply.”
Rees asks: “*“How long does it take workers to revise their expectations
of normal wages in light of the facts? Unemployment was never below
14 percent of the labor force btween 1931 and 1939, and was still about
17 percent of the labor force in 1939, a decade after the depression
began.”’

Now, the depression did not, of course, involve a once-and-for-all
change in *‘the facts™™ as seen by workers at the time. Hence, there is
no self-evident contradiction between an expectations model and the
facts cited by Rees. Nevertheless, the question is of interest and, more
important, answerable in terms of our model. We shall rephrase the
question and deal with it in the remainder of this section.

From our point of view, the relevant facts for the labor-supply
decision are current real wages and prices, v, and P,, and ""normal”
real wages and prices w; and P;/. Since the latter variables are
weighted averages of past actual values, the weights being unknown
parameters, these time series could not be calculated prior to estima-
tion. Accordingly, we used a Koyck transformation to eliminate these
variables, introducing lagged real wages, prices, and employment as
additional explanatory variables. This transformed labor-supply fuinc-
tion was used in estimation and testing.

While this widely used procedure is econometrically acceptable, it
does obscure the link between the estimated labor-supply function and
the hypothetical household-decision problem on which it is based.
That is, one cannot readily match up our econometric results with
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one’s intuition on the labor-supply decision or with evidence from
other sources. To remedy this, we should have used the estimated
adaptation parameter to calculate series on normal wages and prices
and displayed the latter alongside the actual series. We shall next do
this.

Normal and actual prices, according to our theory, are related by
In(Pf) = AIn(P,) + (I — M) In(Pf ) + A" (eq. [14] in our 1969 paper).
Normal and actual real wages are linked in the same way, with the
same adaptation parameter A but with a possibly different trend, A’
instead of A”. From our estimated labor-supply function, A = .36.
Using this value, together with postulated trends, we have used (14)
to calculate a series of “‘normal prices.”” ! Similarly, a normal money-
wage series has been obtained.? These results are displayed in table
L.

Examining table I, one sees that money wages and prices fell no-
ticeably below their “‘normal levels’™ in 1930, fell further below in
subsequent years, and remained below through 1933.* This occurred
not because of any unreasonable stubbornness (on the part of our
hypothetical household) in revising the normal levels: these normal
values fell through 1933, although at a rate slower than the rate of
decline of actual wages and prices. Qualitatively, then, our theory is
consistent with the early depression years. Quantitatively, the fit is
also fairly good: applying the estimated coefficients of our unemploy-
ment-rate function (32) to the wage and price changes in table I, one
would predict a rise of .17 in the unemployment rate from 1929 to
1933. From table I, the observed increase was .22.

On the other hand, from 1934 until World War II, the picture is
quite different. By 1934, according to table I, actual wages and prices
had returned to their normal levels. In part, this is due to falling
expectations ““in light of the facts,”” as Rees puts it. In part, it is the
result of the astonishing wage-price increases from 1933 to 1934. What-
ever the cause, the expectations model we used implies that in 1934
the unemployment rate should have been at its 1929 or 1930 level, as
opposed to the observed 22 percent level. To make matters worse, our
theory continues to “‘miss’’ for the remainder of the depression years,
accounting for the observed drift toward lower unemployment during
this period but failing entirely to explain why this drift proceeded at
so slow a pace.?
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Table 1 Wages and Prices during the Depression

“Normal”
Money Money
Wage Wage “Normal”
Unemploy- Rate Rate GNP GNP
ment Rate W, Wy Deflator Deflator
Year U, ($) ($) P.(1958 = 1) Pt
1928 .04 .55 .56 .50 .51
1929 .03 .56 57 .51 5
1930 .09 .56 .58 .49 .50
1931 .16 53 .57 .45 .48
1932 .24 .48 .55 .40 .45
1933 .25 .46 .52 .39 .43
1934 22 .51 .53 42 .43
1935 .20 .52 .53 43 .43
1936 A7 .53 .54 .43 .43
1937 14 .57 .56 .44 .44
1938 .19 .58 .57 .44 .44
1939 A7 .58 .59 .43 44
1940 .15 .60 .60 .44 44
1941 .10 .66 .63 .47 .45
1942 .05 .76 .68 .53 .48
1943 .02 .84 .75 .57 .51
1944 .01 .90 .81 .58 .54
1945 .02 .98 .88 .60 .56

The reason these errors were not detected in our statistical tests is
clear (in retrospect). The lagged employment variable in our labor-
supply function (Lucas-Rapping [1969], eq. [30]) and the lagged un-
employment rate in (32) were included essentially as “‘proxies™ for
geometric sums of past prices and wages. Apparently, the coefficients
of these variables are biased upward due to other sources of persist-
ence (auto-correlation) in the employment- and unemployment-rate
series. In summary, our theory postulated lags in the adjustment of
price-wage expectations as the only source of ‘‘rigidity”” or of the
persistence of unemployment. In fact, other important sources of
rigidity were present in the Great Depression. (For the post-World
War 1II period, however, the assertion that lags in price-wage expec-
tations are sufficient to account for all observed labor-market rigidity
remains valid.)’

The fact that our model explains less than it originally appeared to
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should not, however, obscure the fact that the evidence for our aggre-
gate-labor-supply theory is essentially as strong as before. To under-
score this point, we refer to model 5. reported briefly in tables A1 and
A2 of Lucas-Rapping (1969) and in full in Lucas-Rapping (1970). This
model is identical to that reported in table 1 of the text of Lucas-
Rapping (1969) and criticized above, except that it does nor include
lagged employment as an explanatory labor-supply variable. This
model, then, does not confound other sources of rigidity with the
expectations effect: yet it confirms the importance of the latter very
strongly.

It would also be misleading to conclude this paper without discuss-
ing the possibility that ““traditional’” theory can account for the resid-
ual rigidities unexplained by our model. Clearly the ‘theory™
embodied in Rees’s figure 1 fails to account for the drastic wage
decline of the 1929-33 period as well as for the fact that the wage
increase of 1934 failed to restore full employment. Similarly, the Phil-
lips model of wage adjustment to excess labor supply fails to explain
the 11 percent wage increase of 1933-34 in the face of a 25 percent
rate of unemployment. In short, once one attempts to obtain a quan-
titative explanation for wage-price rigidity in terms of individual and
market behavior, there is no traditional theory to return to.

Notes

1. To calculate the series P/ from an estimated A and the series P,. one must
supply a trend value, A", and an initial value for Pf. We took actual and
normal prices to be equal in 1923. The trend A" was selected so as to make
forecasts developed from Pj come out correct on average for the period 1923-
45. The same practice was followed with wage rates. To extend the price and
wage series used in Lucas-Rapping (1969) back to 1923, we used the implicit
GNP deflator from Kendrick (1961) and the wage series from Rees (1959).

2. Since the same adaptation parameter applies to prices and wages. and since
our expectations hypotheses are expressed in logs. one may work interchange-
ably with real or money wages.

3. We caution against a possible misinterpretation of table 1. The table does
not imply that any worker in 1933 compared his best offer of $.46 per hour to
his normal offer of $.52 and chose to be unemployed. Taken literally. it says
that a “‘representative household” made this wage comparison and chose to
work 25 percent less than its normal amount. In fact, of course, the abnormally
low wage offers which lead to unemployment are not evenly distributed over
the labor force. The figure $.46 is the average wage of those who found jobs
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and accepted them. Presumably, the average ““best offer’” for those who did
not work was considerably lower. For a labor-market model similar in concept
to ours but which captures some of the important effects of labor-force het-
erogeneity, the reader is referred to Mortensen (1970).

4. Alchian (1970) recognized this problem and offers an interesting discussion
of it. He conjectures that recovery was retarded by the succession of New
Deal price- and wage-fixing measures. Whether such explanations are quan-
titatively adequate remains an open question.

5. This assertion is based on an unpublished Carnegie-Mellon working paper
by Charles Hedrick (1971). Hedrick finds that our labor-supply function (1969)
fits the 1950-70 period well, and that coefficient estimates from this period are
remarkably similar to those we obtained for the period 1930-65. Further, he
finds that the coefficient of the lagged dependent variable in this equation
reflects expectation lags only.
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Expectations
and the Neutrality
of Money

1 Introduction
This paper provides a simple example of an economy in which equi-
librium prices and quantities exhibit what may be the central feature
of the modern business cvcle: a systematic relation between the rate
of change in nominal prices and the level of real output. The relation-
ship. essentially a variant of the well-known Phillips curve. is derived
within a framework from which all forms of “"moneyv illusion’ are
rigorously excluded: all prices are market clearing. all agents behave
optimally in light of their objectives and expectations. and expectations
are formed optimally (in a sense to be made precise below).
Exchange in the economy studied takes place in two phyvsically
separated markets. The allocation of traders across markets in each
period 1s in part stochastic. introducing fluctuations in relative prices
between the two markets. A second source of disturbance arises from
stochastic changes in the quantity of money. which in itself introduces
fluctuations in the nominal price level (the average rate of exchange
between money and goods). Information on the current state of these
real and monetary disturbances is transmitted to agents only through
prices in the market where each agent happens to be. In the particular
framework presented below. prices convey this information only im-
perfectly. forcing agents to hedge on whether a particular price move-
ment results from a relative demand shift or a nominal (monetary) one.

Reprinted from Journal of Economic Theory 4 [April 1872):103-124 by permission
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This hedging behavior results in a nonneutrality of money. or broadly
speaking a Phillips curve. similar in nature to that which we observe
in reality. At the same time. classical results on the long-run neutrality
of money. or independence of real and nominal magnitudes. continue
to hold.

These features of aggregate economic behavior. derived below
within a particular. abstract framework. bear more than a surface
resemblance to many of the characteristics attributed to the U.S.
economy by Friedman [3 and elsewhere]. This paper provides an
explicitly elaborated example. to my knowledge the first. of an econ-
omy in which some of these propositions can be formulated rigorously
and shown to be valid.

A second. in many respects closer. forerunner of the approach taken
here is provided by Phelps. Phelps [&] foresees a new inflation and
employment theory in which Phillips curves are obtained within a
framework which is neoclassical except for “‘the removal of the pos-
tulate that all transactions are made under complete information.™
This is precisely what is attempted here.

The substantive results developed below are based on a concept of
equilibrium which is. I believe. new (although closely related to the
principles underlving dvnamic programming) and which may be of
independent interest. In this paper. equilibrium prices and quantities
will be characterized mathematically as ruznicrions defined on the space
of possible states of the economy. which are in turn characterized as
finite dimensional vectors. This characterization permits a treatment
of the relation of information to expectations which is in some ways
much more satisfactory than is possible with conventional adaptive
expectations hyvpotheses.

The phvsical structure of the model economy to be studied is set
out in the following section. Section 3 deals with preference and
demand functions: and in section 4. an exact definition of equilibrium
is provided and motivated. The characteristics of this equilibrium are
obtained in section 3. with certain existence and uniqueness arguments
deferred to the appendix. The paper concludes with the discussion of
some of the implications of the theory. in sections 6. 7. and 8.

2 The Structure of the Economy
In order to exhibit the phenomena described in the introduction. we
shall utilize an abstract model economy. due in many of its essentials
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to Samuelson [10].! Each period, N identical individuals are born,
each of whom lives for two periods (the current one and the next). In
each period, then, there is a constant population of 2N: N of age 0
and N of age 1. During the first period of life, each person supplies,
at his discretion, n units of labor which yield the same n units of
output. Denote the output consumed by a member of the younger
generation (its producer) by ¢, and that consumed by the old by ¢'.
Output cannot be stored but can be freely disposed of, so that the
aggregate production—consumption possibilities for any period are
completely described (in per capita terms) by:

A+ s n, A, c',n=0. (N

Since n may vary, it is physically possible for this economy to expe-
rience fluctuations in real output.

In addition to labor-output, there is one other good: fiat money.
issued by a government which has no other function. This money
enters the economy by means of a beginning-of-period transfer to the
members of the older generation, in a quantity proportional to the
pretransfer holdings of each. No inheritance is possible, so that un-
spent cash balances revert, at the death of the holder, to the monetary
authority.

Within this framework, the only exchange which can occur will
involve a surrender of output by the young, in exchange for money
held over from the preceding period, and altered by transfer, by the
old.? We shall assume that such exchange occurs in two physically
separate markets. To keep matters as simple as possible, we assume
that the older generation is allocated across these two markets so as
to equate total monetary demand between them. The young are allo-
cated stochastically, fraction 6/2 going to one and 1 — (6/2) to the
other. Once the assignment of persons to markets is made, no switch-
ing or communication between markets is possible. Within each mar-
ket, trading by auction occurs, with all trades transacted at a single,
market clearing price.?

The pretransfer money supply, per member of the older generation,
is known to all agents.* Denote this quantity by m. Posttransfer bal-
ances, denoted by m’, are not generally known (until next period)
except to the extent that they are “‘revealed’ to traders by the current
period price level. Similarly, the allocation variable 6 is unknown,
except indirectly via price. The development through time of the
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nominal money supply is governed by
m' = mx, (2)

where x is a random variable. Let x' denote next period’s value of this
transfer variable, and let ' be next period’s allocation variable. It is
assumed that x and x" are independent, with the common, continuous
density function f on (0, >). Similarly, # and 6’ are independent, with
the common, continuous symmetric density g on (0, 2).

To summarize, the state of the economy in any period is entirely
described by three variables /1. x, and 6. The motion of the economy
from state to state is independent of decisions made by individuals in
the economy, and is given by (2) and the densities f and g of x and 0.

3 Preferences and Demand Functions

We shall assume that the members of the older generation prefer more
consumption to less, other things equal, and attach no utility to the
holding of money. As a result, they will supply their cash holdings, as
augmented by transfers, inelastically. (Equivalently. they have a unit
elastic demand for goods.) The young, in contrast, have a nontrivial
decision problem, to which we now turn.

The objects of choice for a person of age 0 are his current con-
sumption ¢, current labor supplied, n, and future consumption, de-
noted by ¢’. All individuals evaluate these goods according to the
common utility function:

U(e, n) + E{V(c")}. (3)

(The distribution with respect to which the expectation in (3) is taken
will be specified later.) The function U is increasing in ¢, decreasing
in n, strictly concave, and continuously twice differentiable. In addi-
tion, current consumption and leisure are not inferior goods, or:

U(‘n + Unn < 0 and U(‘(' ot U(‘n < 0. (4)

The function V is increasing, strictly concave and continuously twice
differentiable. The function V'(¢’)¢’ is increasing, with an elasticity
bounded away from unity, or:

Vi(c")e' + V(') > 0, (5)
AC ) (6)

Vi(c")
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Condition (5) essentially insures that a rise in the price of future goods
will, ceteris paribus. induce an increase in current consumption or that
the substitution effect of such a price change will dominate its income
effect.” The strict concavity requirement imposed on V implies that
the left term of (6) be negative. so that (6) is a slight strengthening of
concavity. Finally. we require that the marginal utility of future con-
sumption be high enough to justify at least the first unit of labor
expended. and ultimately tend to zero:

lim V'(¢") = +3=, (7

[nd}]

lim V'(¢) = 0. (8)

Future consumption. ¢’. cannot be purchased directly by an age 0
individual. Instead. a known quantity of nominal balances A is acquired
in exchange for goods. If next period’'s price level (dollars per unit of
output) is p’ and if next period’s transfer is x'. these balances will then
purchase x'A/p’ units of future consumption.® Although it is purely
formal at this point. it is convenient to have some notation for the
distribution function of (x'. p’). conditioned on the information cur-
rently available to the age-0 person: denote it by F(x'. p'|m. p), where
p 1s the current price level. Then the decision problem facing an age-
0 person is:

~ /A

max {L'(('.n) + ’ V (‘—) dF(x'.p'Im. p)} (9)
Cn =0 J P

subject to:

pin—¢)—Ax=0. (10)

Provided the distribution F is so specified that the objective function
is continuously differentiable. the Kuhn-Tucker conditions apply to
this problem and are both necessary and sufficient. These are:

Udc.n) — pu < 0. with equality if ¢ > 0, (1D
Uyc.n) + pu < 0, with equality if n > 0, (12)
pn —¢)—Xx= 0. with equality if u > 0, (13)

I v (i) %dF(.\". p'im.p)— u <= 0. withequalityifx > 0. (14)
J I

)I

where 1 is a nonnegative multiplier.
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the marginal benefit (in units of expected future utility gained). Im-
plicitly, (15) is a demand function for money, relating current nominal
quantity demanded, A, to the current and expected future price levels.

4 Expectations and a Definition of Equilibrium

Since the two markets in this economy are structurally identical, and
since within a trading period there is no communication between them,
the economy’s general (current period) equilibrium may be determined
by determining equilibrium in each market separately. We shall do so
by equating nominal money demand (as determined in section 3) and
nominal money supply in the market which receives a fraction /2 of
the young. Equilibrium in the other market is then determined in the
same way, with # replaced by 2 — 6, and aggregate values of output
and prices are determined in the usual way by adding over markets.
This will be carried out explicitly in section 6.

At the beginning of the last section, we observed that money will be
supplied inelastically in each market. The total money supply. after
transfer, is Nmx. Following the convention adopted in section I,
Nmx/2 is supplied in each market. Thus in the market receiving a
fraction 6/2 of the young, the quantity supplied per demander is
(Nmx/[2)/(6N[2) = mx/6. Equilibirum requires that A = m.x/6, where A
is quantity demanded per age-0 person. Since mx/6 > 0, substitution
into (15) gives the equilibrium condition

mx 1 L (mxx’ \_’ L a5
g (9[)) P f v ( op’ ) D' dF(x".p" | m.p).

Equation (16) relates the current period price level to the (unknown)
future price level, p’. To *“solve’” for the market clearing price p (and
hence to obtain the current equilibrium values of employment, output,
and consumption) p and p’ must be linked. This connection is provided
in the definition of equilibrium stated below, which is motivated by
the following considerations.

First, it was remarked earlier that in some (not very well defined)
sense the state of the economy is fully described by the three variables
(m, x,0). That s, if at two different points in calendar time the economy
arrives at a particular state (m, x, 0) it is reasonable to expect it to
behave the same way both times, regardiess of the route by which the
state was attained each time. If this is so, one can express the equi-
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librium price as a function p(m, x, #) on the space of possible states
and similarly for the equilibrium values of employment, output, and
consumption.

Second, if price can be expressed as a function of (11, x. ), the true
probability distribution of next period’s price, p’ = p(m’, x',0') = p(mx,
x'. 0") is known, conditional on m, from the known distributions of x,
x', and 0. Further information is also available to traders, however,
since the current price, p(im, x, 6), yields information on x. Hence, on
the basis of information available to him, an age-0 trader should take
the expectation in (16) [or (15)] with respect to the joint distribution
of (m, x, x', 8") conditional on the values of i and p(in1, x, #), or treating
/m as a parameter, the joint distribution of (x, x’, ') conditional on the
value of p(m, x, 8). Denote this latter distribution by G(x, x', 6 | p(m, x,
0).7

We are thus led to the following

Definition. An equilibrium price is a continuous, nonnegative function
p(-)of (m, x, 6), with mx/8p(m, x, #) bounded and bounded away from
zero, which satisfies:

z [ mx ] |
Op(m, x, 0)] pim, x.6)

mxx' x'
= |V XL o ,x, M) 17
j [()p(m§. X', 0’)] p(mé, x', 6" dG(&, x'. 8| pln, x, 6) (7

Equation (17) is, of course, simply (16) with p replaced by the value
of the function p( - ) under the current state, (s, x, 8), and p’ replaced
by the value of the same function under next period’s state (rx, x',
6). In addition, we have dispensed with unspecified distribution F,
taking the expectation instead with respect to the well-defined distri-
bution G.#

In the next section, we show that (17) has a unique solution and
develop the important characteristics of this solution. The more dif-
ficult mathematical issues will be relegated to the appendix.

5 Characteristics of the Equilibrium Price Function

We proceed by showing the existence of a solution to (17) of a partic-
ular form, then showing that there are no other solutions, and finally
by characterizing the unique solution. As a useful preliminary step,
we show:
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Lemma 1. If p(-)is any solution to (17). it is monotonic in x'6 in the
sense that for any fixed m. x,/0, > x,/0, implies p(n. x, 6,) = p(m, x,,
0,).

Proof. Suppose to the contrary that x,/6,> x,/8, and p(m. x,.8,) = p(n1.
Ay 6 = p, (say). Then from (17).

g\ 1 I Mgy’ X
J —°)—=[v'[ g } IGE. X6 py).
1(90‘00 Do Boptmé.x'.6") p(nzjc*..\".(?')(G(g %'y €' |Ipg)
and

h (m.\'1 1 ! Vv [ i, X ] 44
\B.p0) Po 6.pmé. X0 pimé.x'.6'

AGIE.x .6 po).

Since /i is strictly increasing while V7 is strictly decreasing. these
equalities are contradictory. This completes the proof.

In view of this Lemma. the distribution of (x. x'. #') conditional on p(/u.
x. 6) is the same as the distribution conditional on x/# for all solution
functions p( - ). a fact which vastly simplifies the study of (17).

It is a plausible conjecture that solutions to (17) assume the form
pUun. x. #) = me(x ). where ¢ is a continuous. nonnegative function.”
If this is true. the function ¢ satisfies [multiplving (17) through by mx/6
and substituting]:

" { X } X
Belx )] Be(x/p)
i Teree oy Ry

= |V — dG | €.x.8" | =) . (18)
’ [chu’ 9')] peae o) O H)

Let us make the change of variable - = v'#,and z" = x" 6", and let H(:.

6) be the joint density function of = and # and let H(z. #) be the density
of # conditional on . Then (18) is equivalent to:

/ £ L
: L(:)] ()

L8 e - - I 9)
= | V' |— — Z. L8 dedzdp. (1
’ [b‘ c(:,)] P H(z. 8) H( )dab dz ¢

e(zh)

Equations (17) and (19) are studied in the appendix. The result of
interest is:

Theorem 1. Equation (19) has exactly one continuous solution «(z) on



75 Neutrality of Money

(0, %) with z/e(z) bounded. The function ¢(z) is strictly positive and
continuously differentiable. Further, me(x/0) is the unigue equilibrium
price function.

Proof. See the appendix.

We turn next to the characteristics of the solution function ¢. It is
convenient to begin this study by first examining two polar cases, one
in which # = | with probability one, and a second in which x = | with
probability one.

The first of these two cases may be interpreted as applying to an
economy in which all trading place in a single market. and no non-
monetary disturbances are present. Then z is simply equal to x and.
in view of Lemma 1, the current value of x is fully revealed to traders
by the equilibrium price. It should not be surprising that the following
classical neutrality of money theorem holds.

Theorem 2. Suppose 8 = 1 with probability one. Let v* be the unique
solution to

h(y) = V'(y). (20
Then pim, x, 8) = mx/v* is the unique solution to (17).

Proof. We have observed that /i is increasing and V' is decreasing.
tending to 0 as v tends to infinity by (8). By (7). 4(0) < V'(0). Hence
(20) does have a unique solution, v*. It is clear that ¢(z) = z/v* satisfies
(19). By Theorem 1, it is the only solution and mx/v* is the unique
solution to (17).

The second polar case, where x is identically 1, may be interpreted
as applying to an economy with real disturbances but with a perfectly
stable monetary policy. In this case, z = 1/6, so that the current
market price reveals 6 to all traders. It is convenient to let W (f) =
[6e(1/6)]7! so that (19) becomes:

9’

‘1’(0)] 3 W(H')gB')do’. (21

hW (o) Wv () = f v [%

Denote the right side of (21) by m(9). Then

m'6) = f [v% V@) + v][ :%] g(6") do’



76 Neutrality of Money

(suppressing the arguments of V" and V’). The elasticity of m(#) is
therefore

Om'(()):_fy , ,_1[ .0 , ,] ,
%m(f)) w(d, '} V") Vv 5 @@ + V' | do’',
where

0[ ..l !
w(d, 0') = [f Vv’ I @(8)g(0") d()’] [V’ % v (()’)g(()’)] .
Clearly, w(#, 6') = 0 and [w(0, 8")d®' = 1. From (5) and (6)
0 < (V)! [V”%q)(ﬂ’) + V’] < 1.

Hence —[0m'(8)/m(6)] is a mean value of terins between 0 and 1, so
that

Om'(0)

m(h) (22)
Now differentiating both sides of (21), we have
[A' (W + h[W'(B) = m'(),
which using (22) and the fact that /i is increasing implies
oW’ ()
-1 < < Q. 2
1 ) 0 (23)

Recalling the definition of W(6) in terms of ¢(6), it is readily seen that
(23) implies

0< @) < 1.
¢(z)
We summarize the discussion of this case in
Theorem 3. Suppose x = 1 with probability one. Then (17) has «

unique solution p(m, x, 0) = me(1/0), where ¢ is a continuously
diffentiable function, with an elasticity between zero and one.

If the factor disturbing the economy is exclusively monetary, then
current price will adjust proportionally to changes in the money sup-
ply. Money is neutral in the short run, in the classical sense that the
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equilibrium level of real cash balances, employment. and consumption
will remain unchanged in the face even of unanticipated monetary
changes. These, in words, are the implications of Theorem 2. If, on
the other hand. the forces disturbing the economy are exclusively real.
the money supply being held fixed, disturbances will have real con-
sequences. Those of the young generation who find themselves in a
market with few of their cohorts (in a market with a low 6. or a high
z-value) obtain what is in effect a lower price of future consumption.
Theorem 3, resting on the assumptions of income and substitution
effects set out in section 3. indicates that they will distribute all of this
gain to the future, holding higher real balances. This attempt is par-
tially frustrated by a rise in the current price level.

Returning to the general case. in which both x and ¢ fluctuate. it is
clear that the current price informs agents only of the ratio x/6 of these
two variables. Agents cannot discriminate with certainty between real
and monetary changes in demand for the good they offer. but must
instead make inferences on the basis of the known distributions f(x)
and g(#) and the value of x/# revealed by the current price level. It
seems reasonable that their behavior will somehow mix the strategies
described in Theorems 2 and 3. since a high x/# value indicates a high
xand alow 6.

Unfortunately this last statement, aside from being imprecise. is not
true, as one can easily show by example.'® Hence we wish to impose
additional restrictions on the densities f'and g, with the aim of assuring
that, first, for any fixed 6. Pr{# < # | x/# = z} is an increasing function
of z, and. second. that for any fixed ¥. Pr{x < X | x/# = z} is a decreasing
function of z. Using H(z. #) as above to denote the density of #
conditional on x/6 = : the first of these probabilities 1s

-— 6 -~
F(z.0) =j H(z.8)ds.
0

while the second. in terms of the same function F. is F(z. x/z). The
desired restriction is then found (by differentiating with respect to z)
to be:

HH(z. 6)

7
4

0< Fiz, 0) < (24)

for all (z. #). We proceed, under (24), with a discussion analogous to
that which precedes Theorem 3.
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Let

0z 160 <z

m(o) = f Vv’ [— - ]— — H(z', 0")dz" db’,
0 ()] 0 ¢(z') ( )

where, as in the proof of Theorem 3, m(f) is positive with an elasticity

between —1 and 0.

Then (19) may be written

] ¢(Z~) - fm(e)H(z.e)de. (25)

h [ -

©(2)
Denote the right side of (25) by G(z). Then integrating by parts,
G(z) = mQ2) — [n’O)F(z, 0)do

where it will be recalled that 2 is the upper limit of the range of 6.
Then

G'(z) = —[m@OF.(z’0)do > 0,

by the first inequality of (24). Continuing,

zG'(z2)  zfm'(O)F .z, 0) do

G(z) Tm@)H(z, 6) do
- 'l B om'0) ][ zF.(z. 6)
— J\t(h.(?) [ () ][()H(:.H)] do,

where wi(z, 0) = [[m(0)H(z, 6)d0] 'm(0)H(z. 6). Hence. applying (24)
again,

2¢'(2)
@(2)

0> < 1. (26)

We summarize the discussion of this case in

Theorem 4. Suppose the function F(z, 0). obtained from the densities
fx) and g(0), satisfies the restriction (24). Then (17) has ¢ unique
solution pim, x, 0) = me(x/0), where ¢ is a continuously differentiable
Sfunction, with an elasticity between zero and one.

Theorems 2-4 indicate that, within this framework, monetary
changes have real consequences only because agents cannot discrim-
inate perfectly between real and monetary demand shifts. Since their
ability to discriminate should not be altered by a proportional change
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in the scale of monetary policy, intuition suggests that such scale
changes should have no real consequences. We formalize this as a
corollary to Theorem 4:

Corollary. Let the hypotheses of Theorem 4 hold, but let the transfer
variable be v = \x, where N is a positive constant. Then the equilibrinm
price is p(m, v, 0) = me(/N0) = me(x/8), where ¢ is as in Theorem
4,

Proof. In the derivation of (19). let z = v/A0 = x/0.

6 Positive Implications of the Theory

In the previous section we have studied the determination of price in
one of the markets in this two market economy: the one which received
a fraction /2 of producers. Excluding the limiting case in which the
disturbance is purely monetary, this price function was found to take
the form me(x/#), where ¢(x/6) is positive with an elasticity between
zero and one. Recalling the study of the individual producer—consumer
in section 3, this price function implies an equilibrium employment
function n(x/#). where n'(x/§) > 0.'' That is. increases in demand
induce increases in real output. Since the two markets are identical in
structure, equilibrium price in the other market will be mp(x/(2 — 8))
and employment will be n(x/(2 — 6)). In short, we have characterized
behavior in all markets in the economy under all possible states.

With this accomplished, it is in order to ask whether this behavior
does in fact resemble certain aspects of the observed business cycle.
One way of phrasing this question is: how would citizens of this
economy describe the ups and downs they experience?!?

Certainly casual observers would describe periods of higher than
average x-values (monetary expansions) as ‘“‘good times' even. or
perhaps especially, in retrospect. The older generation will do so with
good reason: they receive the transfer. and it raises their real con-
sumption levels to higher than average levels. The younger generation
will similarly approve a monetary expansion as it occurs: they perceive
it only through a higher-than-average price of the goods they are selling
which, on average, means an increase in their real wealth. In the
future, they will. of course, be disappointed (on average) in the real
consumption their accumulated balances provide. Yet there is no rea-
son for them to attribute this disappointment to the previous expan-
sion; it would be much more natural to criticize the current inflation.
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This criticism could be expected to be particularly severe during pe-
riods, which will regularly arise, when inflation continues at a higher
than average rate while real output declines.!® To summarize, in spite
of the symmetry between ups and downs built into this simple model,
all participants will agree in viewing periods of high real output as
better than other periods.'*

Less casual observers will similarly be misled. To see why, we
consider the results of fitting a variant of an econometric Phillips curve
on realizations generated by the economy described above. Let Y,
denote real GNP (or employment) in period 7, and let P, be the implicit
GNP deflator for r. Consider the regression hypothesis

InY, =83, + B1(lnPr —InP,,) + €, (27)

where €,, €,. . . . is a sequence of independent, identically distributed
random variables with 0 mean. Certainly a positive estimate for 3,
would, provided the estimated residuals do not violate the hypothesis.
be interpreted as evidence for the existence of a ““trade-off " between
inflation and real output. By this point, it should be clear intuitively
that there is no such trade-off in the model under study, vet 3, will
turn out to be positive. We next develop the latter point more

explicitly.
We have:
1 X 1 , X (28)
Y, = E 0,Nn <H—r> + 5 (2 — 6,)Nn (2 - 0[)
and,
PY, =2 o,Nn (X 1) 4 12 - gynn (=2 ( -
,,—EH, ne—rmﬁp 0, +2(—,) ”2-(}, e -4/

(29)

Let w = E[In(x)] = [In(x)flx)dx. Regarding the logs of the right sides
of (28) and (29) as functions of In(x,) and 6,, expanding these about (u.
1) and discarding terms of the second order and higher we obtain the
approximations:

In(Y) = In(N) + In(n(w)) + m,[Inx, — wl, (30)
and

In(P)) — In(P—y) = nelnx, + (1 — ne)lnxy, (31)
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where 7, and 7, are the elasticities of the functions n and ¢, respec-
tively, evaluated at w.

Using (30) and (31), one can compute the approximate's probability
limit of the estimated coefficient 3, of (27). It is the covariance of
In(Y,) and In(P,/P,_,), divided by the variance of the latter, or

— Tl g,
1 — 2n, + 207
The estimated residuals from this regression will exhibit negative serial
correlation. By adding In(Y,_,) as an additional variable, however, this
problem is eliminated and a near perfect fit is obtained [cf. (30) and
(31)]. The coefficient on the inflation rate remains positive.'®

To summarize this section, we have deliberately constructed an
economy in which there is no usable trade-off between inflation and
real output. Yet the econometric evidence for the existence of such
trade-offs is much more convincing here than is the comparable evi-
dence from the real world.

7 Policy Considerations

Within the framework developed and studied in the preceding sections,
the choice of a monetary policy is equivalent to the choice of a density
function f governing the stochastic rate of monetary expansion. Den-
sities f which are concentrated on a single point correspond to fixing
the rate of monetary growth at a constant percentage rate k. Following
Friedman, we shall call such a policy a A-percent rule. Any other
policy implies random fluctuations about a constant mean. Since (as
far as I know) no critic of a A-percent rule consciously advocates a
randomized policy in its stead, there is little interest pursuing a study
of monetary policies within the restricted class available to us in this
context. We can, however, show that if a A-percent rule is followed
the competitive allocation will be Pareto-optimal. This demonstration
will occupy the remainder of this section.

For the case of a constant money supply (x = 1) there is an equilib-
rium price function me(1/8), the properties of which are given in
Theorem 3. Corresponding to this price function are functions ¢(6),
n(0) which give the equilibrium values of consumption and labor supply
of the young for each possible state of the world, 6. Since product is
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exhausted, these imply an average per capita consumption level for
the old in the same market:!?

c'(0) = 6[n) — c@)].

By the Corollary to Theorem 4, this allocation rule {¢(¢), n(6), ¢’ (#)}
will be followed if monetary policy follows any A-percent rule. We
wish to compare the efficiency of this rule to alternative (nonmarket)
allocation rules {c¢(#), n(), ¢'(#)}.

The individuals whose tastes are to be taken into account are the
successive generations inhabiting the model economy. If we continue
to ignore calendar time (to treat present and future generations sym-
metrically) each generation can be indexed by the states of nature (¢,
#') which prevail during its lifetime. This leads to the notion that one
allocation is superior to another in a Pareto sense if it is preferred
uniformly over all possible states, or to the following

Definition. An allocation rule {¢(6), 71(f), ¢'(6)} is Pareto-optimal if it
satisfies

c0) + % c'(0) < no), c(@), nd), ¢’ =0 (32)
(is feasible) for all 0 < # < 2, and if there is no feasible allocation rule

{c(0), n(#), ¢'(M)} such that

Ulco)n(o)l, (33)

Ulc9), n(0)] =
) = ¢'(0), (34)

c'(0

for all #, with strict inequality in either (33) or (34) over some subset
of (0, 2) assigned positive probability by g(6).

We then have:

Theorem 5. The equilibrium {c(0), n(®), ¢'(0)}, which arises under a
k-percent rule, is Pareto-optimal.

Proof. Suppose, to the contrary, that an allocation {c(6), n(6), ¢'(0)}
satisfying (32)—(34) exists. Recall from sections 3 and 5 that the
problem

‘ A Y
l;l"l:li( {U((,H) + fV [W] g0 ) db } s
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subject to

me ((—i) [n—¢c]=A=0
is uniquely solved by ¢(#), n(0) and A = m/6. Hence ¢'(0) = [¢(1/6)] .
Now using (32), if
AO) = [n6) — c@))m (l) = df (l) ' (0)

)" 0%\ ‘
then c(6), n(6), A(6) is feasible for this problem. Since (if it differs from
the equilibrium) it cannot be optimal for this problem,

I ) 1
Ulco), no)] + f‘ [——0¢(1/O,)] 2(0")do
(1/0) o(1/6) " (0)

¢ (1/6")

> Ule(8). n(0)] +J v[ ]g(ﬁ’)d()’.

By (33). this implies

1 (1/6) ¢(1/e)c'<e)” , )
Vi—— v (6) df > 0. (35)
H [e¢(1/9') [ o(1/6') 86") ¢

But by (34), ¢'(#) = ¢'(¥), so that

v [(1/6)90(1/9)6’(9)] - 7 [w(l/mz'(m} _ V[ I }
e(1/6") B 0p(1/6") e (1/67) ]

This contradicts (35), contradicting the assumed superiority of {c(6).
n(@) c'(0)}, and completes the proof.

Two features of this discussion should perhaps be reemphasized.
First, Theorem 5 does not compare resource allocation under a A-
percent rule to allocations which result from other monetary policies.
In general, the latter allocations will be randomized, in the sense that
allocation for given ¢ will be stochastic. It does compare allocation
under a A-percent rule to other nonrandomized (and thus nonmarket)
allocation rules. Second, our discussion of optimality takes the market
and information structure of the economy as a physical datum. Ob-
viously, if the two markets can costlessly be merged. superior resource
allocation can be obtained.
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8 Conclusion

This paper has been an attempt to resolve the paradox posed by
Gurley [4]. in his mild but accurate parody of Friedmanian monetary
theory: “"Moneyv is a veil. but when the veil flutters. real output sput-
ters.”” The resolution has been effected by postulating economic agents
free of money illusion. so that the Ricardian hyvpothetical experiment
of a fully announced. proportional monetary expansion will have no
real consequences (that is. so that money /s a veil). These rational
agents are then placed in a setting in which the information conveved
to traders by market prices is inadequate to permit them to distinguish
real from monetary disturbances. In this setting. monetary fluctuations
lead to real output movements in the same direction.

In order for this resolution to carry any conviction. it has been
necessary to adopt a framework simple enough to permit a precise
specification of the information available to each trader at each point
in time. and to facilitate verification of the rationality of each trader’s
behavior. To obtain this simplicity. most of the interesting features of
the observed business ¢vcle have been abstracted from. with one
notable exception: the Phillips curve emerges not as an unexplained
empirical fact. but as a central feature of the solution to a general
equilibrium svstem.

Appendix Proof of Theorem 1
We first show the existence of a unique solution 10 (19). Define W(:z)
by

Vizy=h|— | —

Le(z)] wiz)

Let G, be the inverse of the function /A(x)x. so that z/ie(z) = G,[V(2)].
The function G,(x) is positive for all x > 0. and satisfies

Iim G,(x) = 0. (A1)
and
0 < Xoalx) 1. (A2)
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Now

0 587

G,(e7)6'16)G,[G,(eT)8' 9)}} [e‘G,'(e")}
G:[G,(e")(8'16)] Gyle?) |-

By (A3). the first of these factors is between 0 and 1 — a. By (A2). the
second factor is between 0 and 1. Since these observations are valid
for all (x. . #'). application of the mean value theorem to the right
side of (A6) gives

If — Tel = (1 - a)lf - 2.
which completes the proof.

It follows from Lemma 2 and the Banach fixed point theorem that
the equation 7f = 1 has a unique bounded. continuous solution 7. Then
V(z) = ¢7 ¢ is the unique solution to (A4). Clearly W(z) is positive,
bounded. and bounded away from zero. It follows that G,[¥(z)] has
these properties. and hence that «(z) = z/(G,[V(2)] is the function
referred to in Theorem 1.

Clearly me(x/6) is an equilibrium price function [satisfie
view of Lemma 1. any solution p(»:. x. #) must satisfy:

(1M]. In

72

: { mx ‘ mx
Ap(m.x.0) Bp(m.x.0)
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Now letW(m. x.68) = hlmx/(Bpium. x. 0] mx/[Bpim. x. H)]. Proceeding as
before. one finds that there is only one bounded solution ¥(m. x. #).
This proves Theorem 1.

Notes

1. The usefulness of this model as a framework for considering problems in

-

monetary theory is indicated by the work of Cass and Yaari [I. 2].

2. This is not quite right. If members of the vounger generation were risk
preferrers. theyv could and would exchange claims on future consumption
among themselves so as to increase variance. This possibility will be ruled
out in the next section.

3. This device of viewing traders as randomly allocated over distinct markets
serves two purposes. First. it provides a setting in which information is
imperfect in a specific (and hence analyzable) way. Second. random variation
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in the allocation of traders provides a source of relative price variation. This
could as well have been achieved by postulating random taste or technology
shifts, with little effect on the structure of the model.

4. This somewhat artificial assumption. like the absence of capital goods and
the serial independence of shocks, is part of an effort to keep the laws
governing the transition of the economy from state to state as simple as
possible. In general. I have tried to abstract from all sources of persistence
of fluctuations. in order to focus on the nature of the initial disturbances.

5. The restrictions (4) and (5) are similar to those utilized in an econometric
study of the labor market conducted by Rapping and myself. [5]. Their function
here is the same as it was in [5]: to assure that the Phillips curve slopes the
“right way.™

6. There is a question as to whether cash balances in this scheme are "“trans-
actions balances™ or a “‘store of value.”" I think it is clear that the model
under discussion is not rich enough to permit an interesting discussion of the
distinctions between these. or other. motives for holding money. On the other
hand. a/l motives for holding money require that it be held for a positive time
interval before being spent: there is no reason to use money (as opposed to
barter) if it is to be received for goods and then instantaneously exchanged
for other goods. There is also the question of whether money "“vields utility.”
Certainly the answer in this context is ves, in the sense that if one imposes on
an individual the constraint that he cannot hold cash, his utility under an
optimal policy is lower than it will be if this constraint is removed. It should
be equally clear, however. that this argument does nor imply that real or
nominal balances should be included as an argument in the individual prefer-
ence functions. The distinction is the familiar one between the utility function
and the value of this function under a particular set of choices.

7. The assumption that traders use the correct conditional distribution in
forming expectations. together with the assumption that all exchanges take
place at the market clearing price. implies that markets in this economy are
efficient, as this term is defined by Roll [9]. It will also be true that price
expectations are rational in the sense of Muth [7].

8. The restriction, embodied in this definition, that price may be expressed as
a function of the state of the economy appears innocuous but in fact is very
strong. For example. in the models of Cass and Yaari without storage. the
state of the economy never changes. so the only sequences satisfving the
definition used here are constant sequences (or stationary schemes, in the
terminology of [1]).

9. To decide whether it is plausible that /2 should factor out of the equilibrium
price function, the reader should ask himself: what are the consequences of
a fully announced change in the quantity of money which does not alter the
distribution of money over persons? To see why only the ratio of x to 6 affects
price. recall that x/8 alone determines the demand for goods facing each
individual producer.
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10. For example, let x take only the values 1 and 1.05 and let # be either 0.5
or 1.5. Then a decrease of x/6 from 2.0 to 0.7 implies (with certainty) an
increase in x from 1 to 1.05. It is not difficult to construct continuous densities
S and g which exhibit this sort of behavior.

11. The analysis of section 3 showed that if age-0 consumers wish to accu-
mulate more real balances, they will finance this accumulation in part by
supplying more labor. In section 5 it was shown that equilibrium per capita
real balances, [6¢(x/6)] x, rise with x/#. These two facts together imply
n'(x/0) > 0.

12. The following discussion, while I hope it is suggestive, is not intended to
be a substitute for econometric evidence.

13. The term ‘‘regularly arise’’ is appropriate. The current real output level,
relative to "‘normal,’” depends only on the current monetary expansion. The
current inflation rate, however, depends on the current and previous period’s
monetary expansion. Thus a large expansion followed by a modest contraction
will occur (though perhaps infrequently) and will result in the situation de-
scribed in the text.

14. This unanimity rests, of course, on the assumption that new money is
introduced so as never to subject cash holders to a real capital loss. If transfers
were, say, randomly distributed over young and old, there would be a group
among the old which perceives monetary expansion as harmful.

15. Because (30) and (31) are approximations.

16. It is interesting to note that if one formulates a distributed lag version of
the Phillips curve, as Rapping and | have done in [6], one will obtain a positive
estimated long-run real output-inflation trade-off even if a model of the above
sort is valid.

17. The unequal distribution of money acquired during the first year of life
(due to varying 6 values) creates two classes among the old. In general, then,
no one will actually obtain the average consumption ¢'(¢). But a reallocation
which receives the unanimous consent of the old in the market receiving a
fraction # of producers is possible if and only if average consumption is
increased. For our purposes, then, we can ignore the distribution of actual
consumption about this average.
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LT e T P e A T VS ot W T S e S A
Econometric Testing
of the Natural Rate
Hypothesis

1 Introduction

A growing number of economists are questioning the widely accepted
view that empirical Phillips curves provide even a rough summary of
the inflation-real output “‘trade-offs’" available to society. The main
source of this skepticism is the notion that the observed Phillips curve
results from the way agents form and respond to price and wage
expectations, and that attempts to move along the curve to increase
output may be frustrated by changes in expectations that shift the
curve. The objective of this paper will be to consider some of the
issues involved in capturing this "“expectations theory™ or ‘‘natural
rate hypothesis™ ! in an explicit, testable econometric model.

Before addressing these issues, however, it is well to acknowledge,
or rather to emphasize, the degree to which the existence of an infla-
tion—real output trade-off is grounded in accepted econometric meth-
odology. It is an observed fact that, in U.S. time series, inflation rates
and unemployment are negatively correlated. This remains true (with
the obvious sign change) if unemployment is replaced with de-trended

Reprinted from The Econometrics of Price Determination Conference, ed. Otto
Eckstein, Washington, D.C.: Board of Governors of the Federal Reserve System,
1972, pp. 50-59, by permission.

The author of this paper, who is Professor of Economics, Graduate School of
Industrial Administration, Carnegie-Mellon University, has benefited from discus-
sions with colleagues at Carnegie-Mellon University—particularly Leonard Rap-
ping, Allan Meltzer, and Martin Bronfenbrenner—and at the University of
Washington, especially Allan Hynes.
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real output, if price inflation is replaced by money wage inflation, and
so forth. It follows that this short-run (whatever this ambiguous qual-
ification means) trade-off will be exhibited in any econometric model
estimated from these time series, regardless of its complexity, lag
structure, or theoretical motivation. These basic points should not be
obscured by the instability and arbitrariness of so many empirical
Phillips curves: when stable, well-motivated Phillips curves are found
(and they will be) they will continue to exhibit the same trade-offs as
do the current versions.

These observations raise a dual challenge to proponents of a natural
rate hypothesis. The first involves econometric testing: if one rejects
the use of observed correlation, as already discussed, as a test of the
existence of a usable trade-off, what is the alternative? Or is the
natural rate hypothesis to be judged solely on *‘theoretical grounds™ ?
The second involves policy evaluation: if one cannot evaluate alter-
native economic policies by extrapolating along estimated regression
lines, what alternatives exist? Or is the goal of quantitative policy
evaluation to be abandoned?

The answers to these questions will depend, of course, on the way
the natural rate hypothesis is translated into explicit theory. Since this
process has scarcely begun, and is certain to involve much contro-
versy, we shall proceed tentatively, using simple examples. Section 2
reviews the theoretical link between wage-price expectations and the
observed inflation-real output trade-off. Sections 3 and 4 consider
alternative models of expectations formation, or the link between
expected and actual prices. In Section 3, it is argued that the standard
hypothesis of ‘‘adaptive expectations’’ leads to an inadequate formu-
lation of the natural rate hypothesis. Section 4 considers the alternative
of ‘‘rational expectations,” originally proposed by Muth, observing
that this assumption does lead to the natural rate hypothesis. In Sec-
tions 4 and 5, econometric testing and policy evaluation under rational
expectations are discussed. Section 6 summarizes conclusions.

2 Expectations and Aggregate Supply

It is natural (to an economist) to view the cyclical correlation between
real output and prices as arising from a volatile aggregate demand
schedule that traces out a relatively stable, upward-sloping supply
curve.? This point of departure leads to something of a paradox, since
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the absence of money illusion on the part of firms and consumers
appears to imply a vertical aggregate supply schedule, which in turn
implies that aggregate demand fluctuations of a purely nominal nature
should lead to price fluctuations only. The paradox may be resolved
by the adoption of a refined view of the decision problem facing agents,
in which short-run supply behavior under available information differs
from long-run behavior under perfect information. This resolution was
suggested by Hicks (and by many others since) as indicated by the
following passage from Value and Capital:? **In order to explain the
rigidity of wages, we have to assume in the parties to the wage bargain
Some sense of normal prices, hardly distinguished (perhaps) from
“just’ prices. The rigidity of wages extends over precisely that time—
it may be quite a long time—during which the parties concerned per-
suade themselves that changes in related prices (whether prices of the
products of labor, or of the things labor buys) are temporary changes.
Once they become convinced that these changes are permanent
changes, there is a tendency for wages to change.™”

Recently several models have been developed that attempt to cap-
ture the supply behavior described verbally by Hicks. This analysis
involves two distinct parts: the analysis of the optimal response to
given current and expected prices and wages, and the study of the
relation of expected to actual prices. The first part is straightforward,
and will be reviewed in the remainder of this section. The second,
discussed at length in the following sections, is largely unsettled.

In [7], Rapping and I obtained Hicksian labor supply behavior from
a two-period consumer decision model. The consumer's objects of
choice are four: (1) current consumption of goods: (2) current leisure:
(3) future goods: and (4) future leisure. Current prices and wages are
known; the consumer has precise (but not necessarily correct) expec-
tations of future prices. This decision problem leads to a labor supply
function relating quantity supplied to current and expected future
prices and wages, or which, in other terminology, permits the supply
Tesponse to permanent wage or price changes to differ from the re-
Sponse 1o transitory changes.

This labor supply response is transmitted through firms to goods
markets, leading to an aggregate supply function that is vertical with
respect to permanent price changes (consistent with the absence of
money illusion) but that slopes upward with respect to transitory price
movements (consistent with observed price—output correlations).
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Thus, letting v, be the log of real output in 7. P, be the log of the price
level. and 77 be the log of an index of expected future prices, one
obtains an aggregate supply function:*

v, = alP, — PF) (h

This rationalization of the Phillips trade-off, or in less current lan-
guage, of price “rigidity.”” has been present (though not necessarily
dominant) in the literature for many years. It may be supplemented
by consideration of the firm’s inventory problem (which involves the
same sort of intertemporal substitution as the consumer’s supply prob-
lem). by considering activities of workers other than simply work and
“leisure™ (for example, school, job search, and so forth), and in other
ways as well. In short. whereas this rationalization need not be re-
garded as the onl/y way to account for rigid prices, neither should it be
regarded as particularly novel.

To this point. two tacit assumptions have been applied to the rela-
tionship of P to P,. The first is that the initial or first-period response
of P/ to a change in P, is less than proportional. If this were not so.
the short-run supply schedule (Equation 1) would have a slope incon-
sistent with observed price—output correlations. The second is that
under perfectly constant prices, P = P,. If this were not so, there
would be no sense in which Equation 1 could be said to be based on
the hypothesis of rational behavior. There are, of course, many distinct
ways to link expected and actual prices that satisfy these two assump-
tions. More important, these two assumptions, together with Equation
1. do notr imply the existence of a natural output level or even a modest
skepticism about the existence of output-inflation trade-offs. On the
contrary. Equation 1 is consistent with the most extreme inflationism
(and has, no doubt. been used to defend it).

The crucial issue, then. is the nature of the relationship between
expected and actual prices. Two alternative approaches are discussed
in the following sections.

3 Aggregate Supply under Adaptive Expectations

In the previous section it was argued that Equation 1 is a theory of
aggregate supply, albeit in primitive form, once the relation between
actual prices. P,. and expected prices. Pf. is made explicit. In this
section, we pursue the implications of adjoining to Equation 1 the
hypothesis of adaptive expectations.
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To begin at the simplest level, suppose that P¥ and P, are related
by:

Combining Equations 1 and 2 by using a Koyck transformation:
ye=all = MNP, — Py) + (0 = Ny, (3)

Equation 3 is a perfectly serviceable supply theory, and this ser-
viceability has earned it wide use in applied econometric work. At
first sight, it also seems to embody the important features of the
expectations theory sketched in the preceding section. First, since the
coefficient (1 — A\) on the current inflation rate is positive, it predicts
a short-run inflation—output trade-off in the right direction. Second, it
predicts that a once-and-for-all change in the price level will have no
long-run effect on real output.

On reflection, however, Equation 3 if taken seriously promises un-
limited real output gains from a well-chosen inflationary policy. Even
a once-and-for-all price increase, while yielding no output expansion
in the limit, will induce increased output over the (infinity of ) transition
periods. Moreover, a sustained inflation will yield a permanently in-
creased level of output. Further, the implications regarding output are
true for any positive value of (1 — X) so that, since we know a short-
run trade-off is present in the U.S. time series, this long-run possibility
concerning output cannot be refuted by experience within the frame-
work given by Equation 3. In short, restricting oneself to expectations
formation hypotheses of the form (2) leads to a supply theory pos-
sessing none of the attributes associated with the leading verbal view
of the natural rate hypothesis.

An elegant generalization of the adaptive scheme (2), proposed by
Jorgenson,’ appears to offer a way out of this dilemma. To develop
this approach, let L denote the lag operator on a time series x, defined
by: Lx, = x,_,. Let «(L) and v(L) be polynomials in the lag operator.
Then Equation 2 is the special case of

v(L)PF = w(L)P, (4)

with o(L) = 1 — (1 — A)L and u(L) = X. Other specifications of «(L)
and v(L) can lead to a wide variety of price expectations hypotheses.
Now multiplying Equation 1 through by v(L) and combining with



95 Econometric Testing
of Natural Rate Hypothesis

Equation 4, one obtains the supply theory:
e(L)y, = alv(L) — u(L)]P, (5)

If[e(L) — u(L)]k = 0 for any constant A (it 1s easy to see that Equation
2 satisfies this restriction) and if the roots of the ordinary polynomial
v(x) are greater than unity in absolute value (that is, if the difference,
Equation 4, is stable), then a once-and-for-all price level change will
have no real output effect in the long run. Other restrictions on (L)
and v(L) can assure that a constant inflation rate has no long-run
output effect, or that a constant rate of price acceleration has no long-
run eftect, and so on.

Thus, the absence of a long-run real output-inflation trade-off can,
within this framework, be expressed as an ordinary linear hypothesis
and subjected to statistical hypothesis testing. This apparently prom-
ising route has been pursued, with mixed success, in several empirical
studies.®

Unfortunately, the deficiencies of Equation 2 as a formalization of
the expectations hypothesis carry over, albeit in obscure form, to the
more elaborate Equation 4. First, Equations 4 and 5 still imply that
real output gains will follow an inflationary policy over an infinitely
long period of adjustment, and these interim gains may be made as
large as desired. Second, Equations 4 and 5 still imply that sustained
gains in real output will result from some inflation policy, although not
necessarily from one so simple as a once-and-for-all change in the
inflation rate.

The conclusions of this section and the preceding one can be sum-
marized very simply. The supply model (Equation 1) developed in
Section 2 says that inflation will yield higher real output on average
only if price expectations fall below actual prices on average. The
adaptive expectation schemes reviewed in this section do not rule out
this possibility of systematically biased expectations; hence they nec-
essarily permit both short- and long-run Phillips-like trade-offs be-
tween inflation and real output.

4 Aggregate Supply under Rational Expectations

In the preceding section, the hypothesis of adaptive expectations was
rejected as a component of the natural rate hypothesis on the grounds
that, under some policy

E{P, — P/} (6)
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is non-zero. If the impossibility of a non-zero value for Expression 6
1s taken as an essential feature of the natural rate theory, one is led
simply to adding the assumption that Expression 6 is zero as an
additional axiom, or to assume that expectations are rational in the
sense of Muth [9].7 Indeed, with aggregate supply described by Equa-
tion 1, rational expectations are equivalent to the existence of a natural
output rate.

To use Expression 6 with any meaning, one must specify the dis-
tribution with respect to which the mean value is taken. This involves
two major steps: (1) the inclusion in the model of an aggregate demand
side (so that the distributions of actual and expected prices may be
simultaneously determined) and (2) a specification of what is meant
by a policy. Without taking these steps, one cannot go beyond the
obvious link beiween Expression 6 and the natural rate hypothesis to
consider the issues of testing and policy raised in the introduction. Of
necessity, we proceed with an extremely simple illustrative example.

For an aggregate demand schedule, we use the rectangular
hyperbola

i+ Po=x 7

where x, (the log of nominal GNP) is viewed as a shift parameter. By
a policy we shall mean a (possibly randomized) rule giving the current
value of v, as a function of the state of the system.® For concreteness,
let us consider the particular policy (in this sense):

X = Pyt paXen T (8)

where {¢,} is a sequence of independent random variables that are
distributed identically and normally, each with mean zero and variance
a.

Again with a view to retaining simplicity we take the next period’s
price, P,,,, as the variable of which P} is a forecast.” Assume that P/
is equal to its mean value plus a forecast error, n,, which shares the
properties of €, but which is distributed independently of ¢,.

The state of the system at time r is now entirely described by the
values of three variables: v, x, |, and m,. Accordingly, one is led to
define a solution of the system to be a set of functions P,, v,, P of x,,
X, 1. and n, which satisfy Equations 1 and 7 identically in these argu-
ments. Given a solution, the expectation in Expression 6 now has
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content, and we can define a solution characterized by rational expec-
tations as satisfying:

Pt = KPPy, |-\'r~ N Med )

Equations 1, 7, 8, and 9 constitute a system of equations in the
unknown functions v,, P;, and P} . The analysis of such systems is, in
general, quite difficult but in the present linear model one can conjec-
ture the form of the solution and calculate it directly, as follows.!"

Let us first eliminate y, between Equations 1 and 7, to obtain:

(1 + )P, — aPf = x, (10)
We shall seek linear solutions P, and P} to Equations 9 and 10:

Pr=mwx + mox + mymy (11)
Pf = mx, + msxi_, + ey (12)

Now substituting from Equations 11 and 12 into 10, and observing that
the result is an identity in x,, x,_,. and n, we have:

(1 +a&)ym, —amy, =1 (13)
1+ @)ymy — ams =0 (14)
(1 + a)ymy — amg =0 (15)

Similarly, substituting from Equations 11 and 12 into 9, and using
Equation 8 to compute E{x,,,|x, x,;, 7}, one obtains:

Ty =Py T T (16)
T5 = TP (17)

Equations 13 to 18 are six independent, linear restrictions on 7, . . .
s, and are readily solved for these parameter values in terms of p,,
ps, and a. This gives the solution functions Equations 11 and 12: the
solution for v, is obtained from Equation |1 and the Identity 7.

The properties of these solutions may be discussed by reference to
the solution for real output, calculated as above:

v, = a(l + a)l — py) — p.a?
T+ )l + a(l — p)] — p.a®

— p2a* o | )
(1 + [l + a(l = p,)] — p.a? Y1 ( M (19)

.\.r
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The coefficient of x, in Equation 19 is empirically between zero and 1:
this, of course, is the observed *‘trade-off.”” This range of values is
not predicted by the theory (that is, does not hold for all values of a.
p1, and p,) but is' consistent with *‘reasonable™ parameter values.

The unconditional mean!! of v, is zero, since this is the mean of vy,
and 7,, under all stable demand policies (p, and p,). Thus, as antici-
pated earlier, the model implies a natural output rate that cannot be
bettered on average. But one need not limit analysis to this observa-
tion. For any choice of the policy parameters (p,, p., or o*) one may
readily compute the time series properties of prices and real output.
Thus, under perfectly stable demand (p;, = p, = 0> = 0) real'ougput
will vary unsystematically due to the expectations error, 7,. L'éss‘
obviously, real output will vary in the same unsystematic way under
the simple random walk policy (p, = I, p, = 0, o* arbitrary) with the
price level pursuing a random walk. ( These superficially different pol-
icies share an important feature: any demand shift is “*permanent.”
The tendency for demand to return to “‘normal,’” essential under the
Hicksian view for price rigidity, is absent.) One could multiply these
examples, but this is unnecessary to support the main point of this
section: The rational expectations version of the natural rate hypoth-
esis leads to a tractable model, fully capable of supporting quantitative
policy evaluations.'?

Before continuing, however, one particular “‘policy’” deserves dis-
cussion. Under Equation 19, it is clear that the choice of an expan-
sionary policy (a high €,) in the current period will increase current-
period real output. As far as I know, the existence of a usable trade-
off in this trivial sense is disputed by no one. The issue, then, is
whether the recommendation to exploit this trade-off in the current
period amounts to a policy, as that term is usually used. Certainly, if
one views a policy as a rule describing a response to given values of
state variables (‘‘indicators™’), this recommendation is notr a policy:
One cannot call for demand to be higher than average on average.

5 Testing the Natural Rate Hypothesis

Section 4 has developed a particular form of the natural rate hypoth-
esis, and argued that it provides a workable theory, capable of aiding
in the quantitative evaluation of a wide variety of policies. We now
turn to an equally important question: How (if at all) can models of
this class be tested?
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Let us first discuss the wrong test, which is of interest in this case
since it is universally believed to be the correct one.'® From ad hoc
estimation of Equation 19, without supporting theory, one would nor-
mally use the sum of the coefficients of x;, and x,_, as a measure of the
long-run effect of a once-and-for-all demand shift. The hypothesis that
such a shift will not affect real output in the long run thus becomes
the linear restriction that this sum of coefficients be zero. This test, or
any of its many variants, has been to date the ‘‘standard’’ test of the
natural rate view. Yet, it is clear from Equation 19 that no such
restriction is implied by the rational expectations version of the
theory.'#

This paradox is easily resolved by the methods of the preceding
section. A once-and-for-all move to a new, fixed demand level implies
a change in the policy parameters, the consequences of which have
been discussed. This policy cannot be evaluated by simply summing
parameters implied by some previous, now irrelevant policy.

To develop the valid test, we discuss inference in this model more
generally. The model consists of the policy function (Equation 8), plus
the solutions for y,, P,, and Pf. Of the solutions, one is redundant in
view of Identity 7. The solution for P/ is not usable, since its depen-
dent variable is unobservable. We are left, then, with a two-equation
model consisting of Equations 8 and 19. This model is recursive, so
that ordinary least squares yield consistent, asymptotically normal
estimates of the four slope parameters.

Under rationality of expectations, however, there are but three
independent parameters in the system: a, p,, and p,. This fact leads us
to several asymptotically valid tests. For concreteness, consider the
following procedure. Obtain consistent estimators of p, and p, from
Equation 8. Treating these as true values, Equation 19 is, under the
null hypothesis, nonlinear in the single unknown parameter a. A stan-
dard Chi-square test, using a comparison of the sum of squared errors
from Equation 19 estimated with and without this restriction, can then
be used to evaluate the hypothesis.

I have dwelt on the mechanics of this test in order to leave no doubt
as to the point of this section: the natural rate hypothesis restricts the
relationship of policy parameters to behavioral parameters. It cannot
be tested on a behavioral relationship (Phillips curve, supply function,
and so on) alone.

This discussion can also lend insight into the conditions necessary



100 Econometric Testing
of Natural Rate Hypothesis

for a successful test. An essential prerequisite is reliable estimates of
the parameters governing policy. This suggests seeking periods when
policies are relatively easy to describe in simple ways, such as periods
of very stable demand, periods when demand fluctuates in some simple
way, and so on. On the other hand, one need not wait for an experi-
ment so clean as the *'perfectly anticipated inflation™" of the textbooks.
What is required is a period in which policy has a stable, demonstrable
stochastic structure, not one in which policy variables maintain stable
realizations.

6 Conclusions

The example studied in this paper is far from being an operational
econometric embodiment of the natural rate hypothesis. Nevertheless.
it has led to a number of conclusions, the most important of which
seem to me to be the following.

First, the hypothesis that agents form expectations adaptively (with
adjustment parameters fixed) does not lead to the hypothesis of a
natural rate of output. On the contrary, the two hypotheses are mu-
tually contradictory. It follows that econometric models utilizing the
adaptive hypothesis cannot provide a test of the natural rate view.

Second, the hypothesis of rational expectations does lead to the
natural rate theory. Indeed,. if imperfect expectations are the only
source of price rigidity, the two hypotheses are equivalent.

Third, the natural rate hypothesis, correctly formulated. has no
implications for the coefficients of distributed lag Phillips curves, or
for any other single-equation expression of the empirical inflation-real
output “‘trade-off.”

Fourth, a valid test of the natural rate hypothesis involves a test of
a restriction on the parameters "‘across equations’ of a complete
simultaneous equations model. The existence of a natural rate is thus
a “'systems property,” like stability or identifiability.

Fifth, the natural rate hypothesis is consistent with quantitative
policy evaluation. Under this hypothesis evaluation is performed not
by extrapolating along estimated regression lines but by recomputing
the parameters of the system under alternative policy proposals.
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Notes

1. With no pretense of precision, let us define the natural rate hypothesis as
the hypothesis that different time paths of the general price level will be
associated with time paths of real output that do not differ on average. The
term “‘expectations theory’ was used in Lucas-Rapping [8]. Friedman 2] and
Phelps [10] use the term ““natural rate’": the latter usage will be followed here.

2. The issue of whether to treat observed prices and quantities as market
clearing arouses more controversy than it deserves. I prefer thinking of mar-
kets as cleared partly because of logical difficulties with the leading alternative
view (see Gordon and Hynes [3]), and partly because it leads the theory into
the crucial questions of intertemporal substitution and expectations and away
from the mechanical ““auctioneer’ of the standard dynamics.

3. Hicks ([5]. pp. 270-71).

4. That is, one obtains an aggregate supply function that. other things being
equal, increases as the expected inflation rate falls. Here. and elsewhere in
the paper, we ignore the control variables that give content to the ““other
things being equal’ " qualification, and ignore all constant and trend terms. To
facilitate the analysis of Section 4, we shall also assume log-linearity
throughout.

5. In Jorgenson [6]. Jorgenson applies the term “‘rational’ to distributed lags
of the form (4). Since we shall use this term for an unrelated expectations
hypothesis in the next section, we refer to Equation 4 and its special case
Equation 2 as ‘‘adaptive.”’

6. The tests of Lucas-Rapping [8], Cagan [1], and Gordon [4] are essentially
tests of linear restrictions on the coefficients of Equation 4. In addition to
those actually carrying out such tests, many others have treated them as “‘the™”
test of the natural rate hypothesis. (See. for example. Tobin [12], Solow [11],
and Phelps [10].)

7. My concern in this paper will be to show that rational expectations can
lead to workable, testable cycle models. For the argument that this hypothesis
is also plausible and consistent with a variety of evidence. the reader is
referred to Muth [9].

8. In fact, of course, aggregate demand shifts result from many causes. only
some of which would typically be called “"policies.”” The assumption that
policy works on aggregate demand directly is adopted here only for conve-
nience: it does not affect the essentials of the argument.

Nor is the notion that **policies’” in this overly broad sense may be random-
ized intended to be flippant, any more than the inclusion of error terms in
investment functions is intended to suggest coin-tossing managers. The error
in Equation 8 reflects merely governmental and private decisions not system-
atically related to the other variables of the model.

9. In practice, P/ is an index of expected prices over a number of future
periods. It should be noted that this obviously relevant question (**Of what
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future prices is Py a forecast?’’) simply did not arise under adaptive expec-
tations, which should have alerted us that something was amiss.

10. The solution method used here closely parallels Muth’s. The main differ-
ence is in what superficially appears to be a fine mathematical point. Muth
defines solutions to be elements of the space of sequences of realizations, as
opposed to being elements of the space of functions of current state variables.
The definition used here is much more restrictive.

11. The reader will recall (compare Note 4) that we are ignoring constant and
trend terms. Thus v, is strictly interpreted as the percentage deviation of real
output from its natural rate.

12. Provided, of course, that the policy satisfies the regularity conditions set
out earlier in this section. Certainly, suppliers following Equation 1 could be
‘‘gamed’’ into higher production by an aggregate demand sequence that kept
them in continual surprise; the point is that such a sequence could not be
generated by a policy rule that responds to the state of the economy in a
stationary way.

13. See the references cited in Note 6.
14. The restriction could be satisfied by the coefficients of Equation 19 but

only due to a purely coincidental relationship between policy parameters and
the parameter a reflecting intertemporal substitution possibilities.
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Econometric
Policy Evaluation:
A Critique

1 Introduction

The fact that nominal prices and wages tend to rise more rapidly at
the peak of the business cycle than they do in the trough has been
well recognized from the time when the cycle was first perceived as
a distinct phenomenon. The inference that permanent inflation will
therefore induce a permanent economic high is no doubt equally an-
cient, yet it is only recently that this notion has undergone the mys-
terious transformation from obvious fallacy to cornerstone of the
theory of economic policy.

This transformation did not arise from new developments in eco-
nomic theory. On the contrary, as soon as Phelps and others made
the first serious attempts to rationalize the apparent trade-off in mod-
ern theoretical terms, the zero-degree homogeneity of demand and
supply functions was re-discovered in this new context (as Friedman
predicted it would be) and re-named the “‘natural rate hypothesis™".!
It arose, instead, from the younger tradition of the econometric fore-
casting models, and from the commitment on the part of a large
fraction of economists to the use of these models for quantitative
policy evaluation. These models have implied the existence of long-
run unemployment-inflation trade-offs ever since the “*wage-price sec-
tors’ were first incorporated and they promise to do so in the future
although the “‘terms’’ of the trade-off continue to shift.?

Reprinted from The Phillips Curve and Labor Markets, vol. 1 of Carnegie-Rochester
Conference Series on Public Policy, eds. Karl Brunner and Allan H. Meltzer, Am-
sterdam: North-Holland Publishing Company, pp. 19—46, by permission.
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This clear-cut conflict between two rightly respected traditions—
theoretical and econometric—caught those of us who viewed the two
as harmoniously complementary quite by surprise. At first, it seemed
that the conflict might be resolved by somewhat fancier econometric
footwork. On the theoretical level, one hears talk of a “*disequilibrium
dynamics’™ which will somehow make money illusion respectable
while going beyond the sterility of dp/dt = k(p — p*). Without underes-
timating the ingenuity of either econometricians or theorists, it seems
to me appropriate to entertain the possibility that reconciliation along
both of these lines will fail, and that one of these traditions is funda-
mentally in error.

The thesis of this essay is that it is the econometric tradition, or
more precisely, the ‘‘theory of economic policy’" based on this tradi-
tion, which is in need of major revision. More particularly, 1 shall
argue that the features which lead to success in short-term forecasting
are unrelated to quantitative policy evaluation, that the major econo-
metric models are (well) designed to perform the former task only, and
that simulations using these models can, in principle, provide no useful
information as to the actual consequences of alternative economic
policies. These contentions will be based not on deviations between
estimated and ‘‘true’’ structure prior to a policy change but on the
deviations between the prior ‘‘true’’ structure and the ‘‘true’” structure
prevailing afterwards.

Before turning to details, I should like to advance two disclaimers.
First, as is true with any technically difficult and novel area of science,
econometric model building is subject to a great deal of ill-informed
and casual criticism. Thus models are condemned as being ‘‘too big"
(with equal insight, I suppose one could fault smaller models for being
“‘too little'"), too messy, too simplistic (that is, not messy enough),
and, the ultimate blow, inferior to ‘‘naive’’ models. Surely the increas-
ing sophistication of the ‘‘naive’” alternatives to the major forecasting
models is the highest of tributes to the remarkable success of the
latter. I hope I can succeed in disassociating the criticism which
follows from any denial of the very important advances in forecasting
ability recorded by the econometric models, and of the promise they
offer for advancement of comparable importance in the future.

One may well define a critique as a paper which does not fully
engage the vanity of its author. In this spirit, let me offer a second
disclaimer. There is little in this essay which is not implicit (and
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perhaps to more discerning readers. explicit) in Friedman [11]. Muth
(29] and. sull earlier. in Knight [21]. For that matter. the criticisms 1
shall raise against currently popular applications of econometric theory
have. for the most part. been anticipated by the major original contrib-
utors to that theory.’ Nevertheless. the case for sustained inflation.
based entirely on econometric simulations. is attended now with a
seriousness it has not commanded for many decades. It may. there-
fore. be worthwhile to attempt to trace this case back to its foundation.
and then to examine again the scientific basis of this foundation itself.

2 The Theory of Economic Policy

Virtually all quantitative macro-economic policy discussions today are
conducted within a theoretical framework which 1 shall call “the
theory of economic policy ™ (following Tinbergen [33]). The essentials
of this framework are so widely known and subscribed to that it may
be superfiuous 1o devote space to their review. On the other hand.
since the main theme of this paper is the inadequacy of this framework.
1t 1s probably best to have an explicit version before us.

One describes the economy in a time period r by a vector v, of state
variables. @ vector v of exogeneous forcing variables, and a vector e.
of independent (through time). identically distributed random shocks.
The motion of the economy 1s determined by a difference equation

Viop = SV €,

the distribution of .. and a description of the temporal behavior of the
forcing variables. x.. The function f'is taken to be fixed but not directly
known: the task of empiricists is then to estimate f. For practical
purposes. one usually thinks of estimating the values of a fixed param-
eter vector 4. with

fiv.x.€) = Fiv.x.he)

and F being specified in advance.

Mathematically. the sequence \x,| of forcing vectors is regarded as
being “arbitrary’’ (that is. it is not characterized stochastically). Since
the past x. values are observed. this causes no difficulty in estimating
#. and in fact simplifies the theoretical estimation problem slightly.
For forecasting. one is obliged to insert forecasted x; values into F.

With knowledge of the function F and #. policy evaluation is a
straightforward matter. A policy is viewed as a specification of present
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and future values of some components of {x,;. With the other com-
ponents somehow specified. the stochastic behavior of {v,.x..€,} from
the present on is specified. and functionals defined on this sequence
are well-defined random variables. whose moments may be calculated
theoretically or obtained by numerical simulation. Sometimes. for ex-
ample. one wishes to examine the mean value of a hypothetical ““social
objective function.”” such as

i Ax

Buly,.x, .€;)

under alternative policies. More usually. one 1s interested 1n the ""op-
erating characteristics™ of the system under alternative policies. Thus.
in this standard context, a ""long-run Phillips curve™ is simply a plot
of average inflation-unemplovment pairs under a range of hyvpothetical
policies.*

Since one cannot treat # as known in practice. the actual problem
of policy evaluation is somewhat more complicated. The fact that # is
estimated from past sample values affects the above moment calcu-
lations for small samples: it also makes policies which promise to
sharpen estimates of # relatively more attractive. These considerations
complicate without. I think. essentially altering the theory of economic
policy as sketched above.

Two features of this theoretical framework deserve special com-
ment. The first is the uneasy relationship between this theory of eco-
nomic policy and traditional economic theorv. The components of the
vector-valued function F are behavioral relationships—demand func-
tions: the role of theory may thus be viewed as suggesting forms for
F.orin Samuelson’s terms. distributing zeros throughout the Jacobian
of F. This role for theory is decidedly secondary: microeconomics
shows surprising power to rationalize individual econometric relation-
ships in a variety of ways. More significantly. this micro-economic
role for theory abdicates the task of describing the aggregate behavior
of the system entirely to the econometrician. Theorists suggest forms
for consumption, investment, price and wage setting functions sepa-
rately: these suggestions. if useful. influence individual components of
F. The aggregate behavior of the system then is what it is.¥ Surely
this point of view (though I doubt if many would now endorse it in so
bald a form) accounts for the demise of traditional ““business cycle
theory™™ and the widespread acceptance of a Phillips ““trade-off " in
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the absence of any aggregative theoretical model embodying such a
relationship.

Secondly, one must emphasize the intimate link between short-term
forecasting and long-term simulations within this standard framework.
The variance of short-term forecasts tend to zero with the variance of
€. as the latter becomes small, so also does the variance of estimated
behavior of {v} conditional on hypothetical policies {x,}. Thus fore-
casting accuracy in the short-run implies reliability of long-term policy
evaluation.

3 Adaptive Forecasting

There are many signs that practicing econometricians pay little more
than lip-service to the theory outlined in the preceding section. The
most striking is the indifference of econometric forecasters to data
series prior to 1947. Within the theory of economic policy. more
observations always sharpen parameter estimates and forecasts, and
observations on “extreme’ x, values particularly so: yet even the
readily available annual series from 1929-1946 are rarely used as a
check on the post-war fits.

A second sign is the frequent and frequently important refitting of
econometric relationships. The revisions of the wage-price sector now
in progress are a good example.® The continuously improving precision
of the estimates of # within the fixed structure F. predicted by the
theory, does not seem to be occurring in practice.

Finally, and most suggestively. is the practice of using patterns in
recent residuals to revise intercept estimates for forecasting purposes.
For example, if a “'run’" of positive residuals (predicted less actual)
arises in an equation in recent periods. one revises the estimated
intercept downward by their average amount. This practice accounts,
for example, for the superiority of the actual Wharton forecasts as
compared to forecasts based on the published version of the model.”

It should be emphasized that recounting these discrepancies be-
tween theory and practice is not to be taken as criticism of econometric
forecasters. Certainly if new observations are better accounted for by
new or modified equations, it would be foolish to continue to forecast
using the old relationships. The point is simply that, econometrics
textbooks notwithstanding. current forecasting practice is not con-
ducted within the framework of the theory of economic policy, and
the unquestioned success of the forecasters should nor be construed
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as evidence for the soundness or reliability of the structure proposed
in that theory.

An alternative structure to that underlving the theory of economic
policy has recently been proposed (in [3] and [3]) by Coolev and
Prescott. The structure is of interest in the present context. since
optimal forecasting within it shares many features with current fore-
casting practice as just described. Instead of treating the parameter
vector # as fixed. Cooleyv and Prescott view it as a random variable
following the random walk

Oy =6, = 7oy

where {n,} is a sequence of independent. identically distributed random
variables.

Maximum likelihood forecasting under this alternative framework
(“*adaptive regression ') resembles ““exponential smoothing" on the
observations. with observations in the distant past receiving a small
“weight'—very much as in usual econometric practice: similarly.
recent forecast errors are used to adjust the estimates. Using both
artificial data and economic time series. Cooley and Prescott have
shown (in [4]) that adaptive methods have good short-term forecasting
properties when compared to even relatively sophisticated versions of
the "‘fixed 6" regression model. As Klein and others have remarked.
this advantage is shared by actual large-model forecasts (that is. model
forecasts modified by the forecaster’s judgment) over mechanical fore-
casts using the published versions of the model.*

Cooley and Prescott have proposed adaptive regression as a nor-
mative forecasting method. I am using it here in a positive sense: as
an idealized "model” of the behavior of large-model forecasters. If
the model is. as I believe. roughly accurate. it serves to reconcile the
assertion that long-term policy evaluations based on econometric mod-
els are meaningless with the acknowledgment that the forecast accu-
racy of these models is good and likely to become even better. Under
the adaptive structure. a small standard error of short-term forecasts
is consistent with infinire variance of the long-term operating charac-
teristics of the system.

4 Theoretical Considerations: General
To this point. I have argued simply that the standard. stable-parameter
view of econometric theory and quantitative policy evaluation appears
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not to match several important characteristics of econometric practice,
while an alternative general structure. embodying stochastic parameter
drift. matches these characteristics very closely. This argument is. if
accepted. sufficient to establish that the “‘long-run™" implications of
current forecasting models are without content, and that the short-
term forecasting abilitv of these models provides no evidence of the
accuracy to be expected from simulations of hypothetical policy rules.

These points are. [ think. important, but their implications for the
future are unclear. After all. the major econometric models are still in
their first. highly successful. decade. No one. surely. expected the
initial parameterizations of these models to stand forever. even under
the most optimistic view of the stability of the unknown. underlying
structure. Perhaps the adaptive character of this early stage of macro-
economic forecasting i1s merely the initial groping for the true structure
which. however ignored in statistical theory. all practitioners knew to
be necessarv. If so. the arguments of this paper are transitory debating
points. obsolete soon after they are written down. Personally. I would
not be sorry if this were the case. but I do not believe it 1s. I shall try
to explain why. beginning with generalities. and then. in the following
section, introducing examples.

In section 2. we discussed an economy characterized by

Viep = F(yv.x,.6.€).

The function F and parameter vector ¢ are derived from decision rules
(demand and supply functions) of agents in the economy. and these
decisions are. theoretically. optimal given the situation in which each
agent is placed. There is. as remarked above. no presumption that
(F.¢) will be easy to discover. but it /s the central assumption of the
theory of economic policy that once they are (approximately) known.
they will remain stable under arbitrary changes in the behavior of the
forcing sequence {x,}.

For example. suppose a reliable model (£.6) is in hand. and one
wishes to use it to assess the consequences of alternative monetary
and fiscal policy rules (choices of x,.x;.x,. . . . . wherez = 01s "'now’ ).
According to the theory of economic policy. one then simulates the
system under alternative policies (theoretically or numerically) and
compares outcomes by some criterion. For such comparisons to have
any meaning. it is essential that the structure (F.¢) not vary system-
atically with the choice of {x}.
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Everything we know about dvnamic economic theory indicates that
this presumption is unjustified. First, the individual decision problem:
“find an optimal decision rule when certain parameters (future prices,
say) follow ‘arbitrary’ paths’’ is simply not well formulated. Only
trivial problems in which agents can safely ignore the future can be
formulated under such a vague description of market constraints. Even
to obtain the decision rules underlying (/.0) then, we have to attribute
to individuals some view of the behavior of the future values of vari-
ables of concern to them. This view, in conjunction with other factors,
determines their optimum decision rules. To assume stability of (£.0)
under alternative policy rules is thus to assume that agents’ views
about the behavior of shocks to the system are invariant under changes
in the true behavior of these shocks. Without this extreme assumption,
the kinds of policy simulations called for by the theory of economic
policy are meaningless.

It is likely that the “*drift™” in & which the adaptive models describe
stochastically reflects. in part, the adaptation of the decision rules of
agents to the changing character of the series they are trying to fore-
cast.? Since this adaptation will be in most (though not all) cases slow,
one is not surprised that.adaptive methods can improve the short-term
forecasting abilities of the econometric models. For longer term fore-
casting and policy simulations, however, ignoring the systematic
sources of drift will lead to large. unpredictable errors.

5 Theoretical Considerations: Examples

If these general theoretical observations on the likeiihood of system-
atic ‘‘parametric drift”” in the face of variations in the structure of
shocks are correct, it should be possible to confirm them by exami-
nation of the specific decision problems underlying the major compo-
nents of aggregative models. I shall discuss in turn consumption,
investment, and the wage-price sector, or Phillips curve. In each case,
the “‘right-hand variables’ will, for simplicity, be taken as ‘‘exoge-
nous’’ (as components of {x;}). The thought-experiments matching this
assumption, and the adaptations necessary for simultaneous equations,
are too well known to require comment.

5.1 Consumption
The easiest example to discuss with confidence is the aggregate con-
sumption function since, due to Friedman [11], Muth [28] and Modi-
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gliani. Brumberg and Ando [2]. [27]. it has both a sound theoretical
rationale and an unusually high degree of empirical success. Adopting
Friedman's formulation. permanent consumption is proportional to
permanent income (an estimate of a discounted future income stream).

The variables w..t, are independent temporally and of each other and
of v .

An empirical “short-run’ marginal propensity to consume is the
sample moment corresponding to Covi(c..v.) Var(y,). or

Var(y,,)

. Var(y,.) = Var(v,)

Now as long as these moments are viewed as subjective parameters
in the heads of consumers. this model lacks content. Friedman. how-
ever. viewed them as true moments. known to consumers, the logical
step which led to the cross-sectional tests which provided the most
striking confirmation of his permanent income hvpothesis. "

This central equating of a true probability distribution and the sub-
jective distribution on which decisions are based was termed rational
expectations by Muth. who developed its implications more generally
iin 129]). In particular. in [28], Muth found the stochastic behavior of
income over time under which Friedman's identification of permanent
income as an exponentially weighted sum of current and lagged ob-
servations on actual income was consistent with optimal forecasting
on the part of agents.’!

To review Muth's results. we begin by recalling that permanent
income is that constant flow v,, which has the same value. with the
subjective discount factor 3. as the forecasted actual income stream:

=1 = p) S BAE(¥ay | 1D (4

where each expectation is conditioned on information /. available at .
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Now let actual income v, be a sum of three terms
v,o=a+ w + o, (5)

where v, is transitory income. « is a constant, and w, is a sum of
independent increments, each with zero mean and constant variance.
Muth showed that the minimum variance estimator of v,,; for all / =
1.2, .. .is (1 —A) 27 Ay, ; where A depends in a known way on the
relative variances of w, and v,.'? Inserting this estimator into (4) and
summing the series gives the empirical consumption function

¢ = k(1 = By, + ABL — X)X Ny, + u,. (6)
J=0

(This formula differs slightly from Muth’s because Muth implicitly

assumed that ¢, was determined prior to realizing v,. The difference is

not important in the sequel.)

Now let us imagine a consumer of this type, with a current income
generated by an “‘experimenter’’ according to the pattern described
by Muth (so that the premises of the theory of economic policy are
correct for a single equation consumption function). An econometri-
cian observing this consumer over many periods will have good suc-
cess describing him by (6) whether he arrives at this equation by the
Friedman-Muth reasoning, or simply hits on it by trial-and-error. Next
consider policies taking the form of a sequence of supplements {x,} to
this consumer’s income from time 7 on. Whether {x} is specified
deterministically or by some stochastic law, whether it is announced
in advance to the consumer or not, the theory of economic policy
prescribes the same method for evaluating its consequences: add x, to
the forecasts of v, for each r > T, insert into (6), and obtain the new
forecasts of ¢,.

If the consumer knows of the policy change in advance, it is clear
that this standard method gives incorrect forecasts. For example,
suppose the policy consists of a constant increase, x, = X, in income
over the entire future. From (4), this leads to an increase in consump-
tion of kx. The forecast based on (6), however, is of an effect in period
t of

=T
(Ac), = kx{(1 — B) + B(1 — N\) > A}

i=0
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Since this effect tends to the correct forecast, Ax. as ¢ tends to
infinity, one might conjecture that the difficulty vanishes in the “'long
run.” To see that this conjecture is false. consider an exponentially
growing supplement v, = Xa'. 1 < a < 1/3. The true effectinr — T is.
from (1) and 14).

(1 — Bl

(Ac), = Ax =
1 - aB

The effect as torecast by (6) is

ach = A¥ {11 -y + 8l —x1 S (2
Neither effect tends w0 zero, as ¢ tends to inhnity: ihe rano (forecast
over actuall tends to

(1 —aBidy < Wizl — Al

) (1 — Blig — Ad

which may lic on either side of unity,

More interesting divergences beiween forecasts and reality emerge
when the policy Is stochastic. bur with Charactenstics known n ad-
vance. For example. let {3} be a seguence of independent random
vanables. with zero mean and constant vanance, distnbuted indepen-
dently of w,.t, and w,. This palicy amounts to an inc¢rease n the
variance of transitory income. lowering the weighi A in @ manner given
by the Muth formula. Average Consumption. in fact and as forecast
by (6], 1s not affected. but the varniance of consumption ts. The correct
estimate of this vanance etffect requires revision of the weight A:
evidently the standard. fixed-parameter prediction based on (6) will
again yield the wrong answer. and the error will not tend to vanish for
large r.

The list of deterministic and stochastc policy changes. and ther
combination 15 Inexhzustible but one need not procesd further to
establish the point: for anyv policy change which is understood in
advance. extrapolation or simulation based on (6) vields an incorrect
forecast. and what 1s more. a carrecriply incorrect forecast. What of
changes 1n policy which are aer understood in advance? As Fisher
observes. “"the notion that one cannot fool all of the people all of the
time [need not] imply that one cannot fool all the people even some
of the time. " !*
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The observation is, if obvious. true enough: but 1t provides no
support whatever for the standard forecasting method of extrapolating
on the basis of (6). Our knowledge of consum p 1on behavior is sum-
marized in (1i—<4). For certain policy c¢han we ¢an. with some
confidence. guess at the permanent Income r ulcul;-tioni CONsSuUmers
will go through and hope to predict their consumption responses with
some accuracy. For other types of policies. particularly those involv-
ing deliberate fooling’™ of consumers. 1t will not be at all clear how
to apph rln-«-‘.-. and hence v.“k ossible 1o forecast. Obviously. 1n such
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.2 Taxation and Investment Demand
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[15]. Hall and Jorgenson provided quantitative esumates of the
consequences, current and lagged. of vanous @x policies on the de-
mand for producers’ durzble equipment. Their work is an example
the current state of the amt of conditionzal forecasung at its best. The
general method is 10 use economerric ' '
investment funcuion. which captures zll
in a single implicit rental price vanable. 10 simulate the effects of
alternative tax policies.

An implicit assumption in this work 13 that anv tax change is re-
garded as a permanent. once-and-for-all change. Insofar as this as-
sumption is false over the sample period. the sconometric estimates

are subject 1o bias.’* More 1m p tant for this discussion. the condi-
tional forecasts will be valid only fo believed 10 be per-

manent by taxpaving corporations.

For many issues in public finance. this obvious gualification would
properly be regarded as a mere technicality. For Kevnesian counter-
cyclical policy. however. it is the very heart of the issue. The whole
point. after all. of the invesiment tax credit 1s that it be vi <
temporary. so that it can serve as an inducement to firms to reschedul
their investment projects. It should be clear that the forecasting meth-
ods used by Hall and Jorge
tricians) cannot be e.\pec:ed to vield even order-of-magnitude
estimates of the effects of explicitly temporary tax adjusiments

To pursue this issue further. 1t will be useful 10 beg
version of the standard accelerator model of investment behavior. We
imagine a constant returns industry in which each 1rm has a constant
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output-capital ratio A. Using a common notation for variables at both
the firm and industry level, let k, denote capital at the beginning of
year . Output during 7 is Ak,. Investment during the year, i, affects
next period’s capital according to

Keew = 0y + (1 — &)k,

where 6 is a constant physical rate of depreciation. Output is sold on
a perfect market at a price p,: investment goods are purchased at a
constant price of unity. Profits (sales less depreciation) are taxed at
the rate 6,. there is an investment tax credit at the rate WV,.

The firm is interested in maximizing the expected present value of
receipts net of taxes. discounted at the constant cost of capital r. In
the absence (assumed here) of adjustment costs, this involves equating
the current cost of an additional unit of investment to the expected
discounted net return. Assuming that the current tax bill is always
large enough to cover the credit, the current cost of acquiring an
additional unit of capital is (1 — ¥,), independent of the volume of
investment goods purchased. Each unit of investment yields A units of
output, to be sold next period at the (unknown) price p,.,. Offsetting
this profit is a tax bill of 6,.;[(Ap,.;, — 8]. In addition, (1 — &) units of
the investment good remain for use after period r + [: with pertfect
capital goods markets, these units are valued at (1 — W¥,.,). Thus
letting £,( - ) denote an expectation conditional on information up to
period 7. the expected discounted return per unit of investment in 7 is

1 o e E[[Apf‘l(l - 01*1) + 891,1 + (1 - 8)(1 - \II{*])].
Since a change in next period’s tax rate ,,, which is not anticipated
in ¢ is a ““pure profit tax.”” §,., and p,., will be uncorrelated. Hence.
equating costs and returns, one equilibrium condition for the industry
is
1 . i I
1 - \Pt = 1—+_, {)\El(p(¢l)[l - b[(()[*l)] + Obt(()tﬂ)
+ (I =3[l = E¥,. i} (7)

A second equilibrium condition is obtained from the assumption that
the product market is cleared each period. Let industry demand be
given by a linear function, with a stochastically shifting intercept a,
and a constant slope b, so that quantity demanded next period will be
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dry — bp.y. Quantity supplied will be A times next period’s capital.
Then a second equilibrium condition is

Ai, + (1 =&k = a,y — bpyy.
Taking mean values of both sides,
Ai, + (1 = 3k, = Ela,,) — bEAp,.)). (8)

Since our interest is in the industry investment function, we elimi-
nate F,(p,.,) between (7) and (8) to obtain:
| b r
i+ (1 =8k =~Ela) — S |———— +35
Il (1 8)/\1 N Adpiy) \2 [1 —E0,.,) ]
+£ |:(1 + ¥, — (- S)E,(‘If,ﬂ)]

A?' 1 - E’(H,$]) (9)

Equation (9) gives the industry’s “‘desired”” stock of capital, i, + (1
— 8)k,, as a function of the expected future state of demand and the
current and expected future tax structure, as well as of the cost of
capital r, taken in this illustration to be constant. The second and third
terms on the right are the product of the slope of the demand curve
for capital, —hA 2, and the familiar Jorgensonian implicit rental price:
the second term includes “‘interest” and depreciation costs, net of
taxes; the third includes the expected capital gain (or loss) due to
changes in the investment tax credit rate.

In most empirical investment studies, firms are assumed to move
gradually from &, to the desired stock given by (9), due to costs of
adjustment, delivery lags, and the like. We assume here, purely for
convenience, that the full adjustment occurs in a single period.

Equation (9) is operationally at the same level as equations (1) and
(4) of the preceding section: it relates current behavior to unobserved
expectations of future variables. To move to a testable hypothesis,
one must specify the time series behavior of a,, #, and ¥, (as was done
for income in consumption theory), obtain the optimal forecasting rule,
and obtain the analogue to the consumption function (6). Let us imag-
ine that this has been accomplished, and estimates of the parameters
A and h have been obtained. How would one use these estimates to
evaluate the consequences of a particular investment tax credit policy?

The method used by Hall and Jorgenson is to treat the credit as a
permanent or once-and-for-all change, or implicitly to set E (V)
equal to ¥,. Holding 0, constant at 6, the effect of a change in the
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credit from 0 to W (say) would be the same as a permanent lowering
of the price of investment goods to 1 — W or, from (9), an increase in
the desired capital stock of (b/A*)(r + 8)/(1 — 0). If the credit is in fact
believed by corporations to be permanent, this forecast will be correct;
otherwise it will not be.

To consider alternatives, imagine a stochastic tax credit policy
which switches from 0 to a fixed number ¥ in a Markovian fashion,
with transitions given by Pr{¥,, = ¥|¥, = 0} = ¢ and Pr{¥,,, =
V|V, = ¥} = p.'s Then if expectations on next period’s tax credit are
formed rationally, conditional on the presence or absence of the credit
in the current period, we have

q¥v ifv, =0

E¥i = {qu W, =¥,

The third term on the right of (9) is then

bW .
m[—q(l—é)] if ¥, =0,
bW .
NG _gltr-pl - ifY =Y.

The difference between these terms is given by the expression

b¥

m;[l +r+ (g — p)l =8 (10)

The expression (10) gives the increment to desired capital stock
(and, with immediate adjustment, to current investment) when the tax
credit is switched from zero to ¥ in an economy where the credit
operates, and is known to operate, in the stochastic fashion described
above. 1t does not measure the effect of a switch in policy from a no-
credit regime to the stochastic regime used here. (The difference arises
because even when the credit is set at zero in the stochastic regime,
the possibility of capital loss, due to the introduction of the credit in
the future, increases the implicit rental on capital, relative to the
situation in which the credit is expected to remain at zero forever.)

By examining extreme values of p and ¢ one can get a good idea of
the quantitative importance of expectations in measuring the effect of
the credit. At one extreme. consider the case where the credit is
expected almost never to be offered (¢ near 0), but once offered, it is
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permanent (p near 1). The effect of a switch from 0 to W is, in this
case, approximately

bW
—— |r + 8],
TR
using (10). This 1s the situation assumed, implicitly, by Hall and Jor-
genson. At the other extreme, consider the case of a frequently im-
posed but always transitory credit (¢ near 1, p near 0). Applying (10),
the effect of a switch in this case is approximately

AY

m [2 +r — 8]

The ratio of effects is then (2 + r — 8)/(r + §). With r = .14 and 6 =
.15, this ratio is about 7.'® We are not, then, discussing a quantitatively
minor issue.

For a more realistic estimate, consider a credit which remains “"off”™"
for an average period of 5 years, and when ‘“switched on"’ remains
for an average of one year. These assumptions correspond to setting
p = 0 and g = % The ratio of the effect (from (10)), under these
assumptions versus those used by Hall and Jorgenson is now [ + r +
3 — 8))/(r + 8). With r = .14 and § = .13, this ratio is approximately
4.5. This ratio would probably be somewhat smaller under a more
satisfactory lag structure'”, but even taking this into account, it ap-
pears likely that the potential stimulus of the investment tax credit
may well be several times greater than the Hall-Jorgenson estimates
would indicate.'®

As was the case in the discussion of consumption behavior, esti-
mation of a policy effect along the above lines presupposes a policy
generated by a fixed, relatively simple rule, known by forecasters
(ourselves) and by the agents subject to the policy (an assumption
which is not only convenient analytically but consistent with Article
1, Section 7 of the U.S. Constitution). To go beyond the kind of order-
of-magnitude calculations used here to an accurate assessment of the
effects of the 1962 credit studied by Hall and Jorgenson, one would
have to infer the implicit rule which generated (or was thought by
corporations to generate) that policy, a task made difficult, or perhaps
impossible, by the novelty of the policy at the time it was introduced.
Similarly, there is no reason to hope that we can accurately forecast
the effects of future ad hoc tax policies on investment behavior. On
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the other hand, there is every reason to believe that good quantitative
assessments of counter-cyclical fiscal rules, which are built into the
tax structure in a stable and well-understood way, can be obtained.

5.3 Phillips Curves

A third example is suggested by the recent controversy over the
Phelps-Friedman hypothesis that permanent changes in the inflation
rate will not alter the average rate of unemployment. Most of the
major econometric models have been used in simulation experiments
to test this proposition: the results are uniformly negative. Since ex-
pectations are involved in an essential way in labor and product market
supply behavior, one would presume, on the basis of the considera-
tions raised in section 4, that these tests are beside the point.!° This
presumption is correct, as the following example illustrates.

It will be helpful to utilize a simple, parametric model which cap-
tures the main features of the expectational view of aggregate supply—
rational agents, cleared markets, incomplete information.*° We imag-
ine suppliers of goods to be distributed over N distinct markets i,/ =
I,...,N. To avoid index number problems. suppose that the same
(except for location) good is traded in each market, and let v, be the
log of quantity supplied in market / in period 7. Assume, further, that
the supply v;, is composed of two factors

.= P €
Mie = Vi t M.

where !, denotes normal or permanent supply. and », cyclical or
transitory supply (both, again, in logs). We take !, to be unresponsive
to all but permanent relative price changes or, since the latter have
been defined away by assuming a single good. simply unresponsive to
price changes. Transitory supply ¢, varies with perceived changes in
the relative price of goods in i:
Y = Bpi — pi),
where p,, is the log of the actual price in 7 at 7, and p§, is the log of the
general (geometric average) price level in the economy as a whole, as
perceived in market i.*"

Prices will vary from market to market for each ¢, due to the usual
sources of fluctuation in relative demands. They will also fluctuate

over time, due to movements in aggregate demand. We shall not
explore the sources of these price movements (although this is easy
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enough to do) but simply postulate that the actual price in i at f consists
of two components:

Pi = Pe+ Zig-

Sellers observe the actual price p;: the two components cannot be
separately observed. The component p, varies with time, but is com-
mon to all markets. Based on information obtained prior to ¢ (call it
I,_,) traders in all markets take p, to be a normally distributed random
variable, with mean p, (reflecting this past information) and variance
o®. The component z; reflects relative price variation across markets
and time: z; is normally distributed, independent of p, and z;; (unless
{ =J,s = t), with mean 0 and variance 72.

The actual general price level at ¢ is the average over markets of
individual prices,

We take the number of markets /N to be large, so that the second term
can be neglected, and p, is the general price level. To form the supply
decision, suppliers estimate p,; assume that this estimate p§, is the
mean of the true conditional distribution of p,. The latter is calculated
using the observation that p;, is the sum of two independent normal
variates, one with mean 0 and variance 72; one with mean p, and
variance o. It follows that

P = E{Ptlpih]{—l} = (1 = 0)p; + Op,,

where 60 = 72/(c? + 7%).
Based on this unbiased but generally inaccurate estimate of the
current general level of prices, suppliers in i follow

Yi = Blpiu — (1 — O)py + 6p)] = 0,8[[7“ - pi

Now averaging over markets, and invoking the law of large numbers
again, we have the cyclical component of aggregate supply:

i = 668(p; — py.
Re-introducing the permanent components,

Ve =0Bp, — p) + Y (1D
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Though simple, (11) captures the main features of the expectational
or ‘“‘natural rate’’ view of aggregate supply. The supply of goods is
viewed as following a trend path v, which is not dependent on nominal
price movements. Deviations from this path are induced whenever the
nominal price deviates from the level which was expected to prevail
on the basis of past information. These deviations occur because
agents are obliged to infer current general price movements on the
basis of incomplete information.

It is worth speculating as to the sort of empirical pertormance one
would expect from (11). In doing so, we ignore the trend component
V. concentrating on the determinants of p,, 8 and #. The parameter
B reflects intertemporal substitution possibilities in supply: technolog-
ical factors such as storability of production, and tastes for substituting
labor supplied today for supply tomorrow. One would expect 3 to be
reasonably stable over time and across economies at a similar level of
development. The parameter 6 is the ratio 7*/(o* + 7°). 72 reflects the
variability of relative prices within the economy: there is no reason to
expect it to vary systematically with demand policy. o is the variance
of the general price level about its expected level: it will obviously
increase with increases in the volatility of demand.?* Similarly, p,, the
expected price level conditional on past information, will vary with
actual, average inflation rates.

Turning to a specific example, suppose that actual prices follow the
random walk

Pe = Py T €& (12)
where €, is normal with mean 7 and variance o*. Then p, = p, |, + 7
and (11) becomes

V= ()ﬁ(])t — Pt 1) - HB'A'T st AR (13)

Over a sample period during which 7 and ¢ remain roughly constant,
and if v, can be effectively controlled for, (13) will appear to the
econometrician to describe a stable trade-off between inflation and
real output. The addition of lagged inflation rates will not improve the
fit, or alter this conclusion in any way. Yet is is evident from (13) that
a sustained increase in the inflation rate (an increase in 7) will not
affect real output.

This is not to say that a distributed lag version of (11) might not
perform better empirically. Thus let the actual rate of inflation follow
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a first-order autoregressive scheme

Ap, = pAp., + €

or

pe=+pp = ppis + € (14)

where 0 < p < | and ¢, is distributed as before.
Then combining (11) and (14):

v =0BAp, — 0BpAp,, — 0BT + v, (15)

In econometric terms, the ‘‘long-run’’ slope, or trade-off, would be
the sum of the inflation coefficients, or 63(1 — p), which will not, if
(14) is stable, be zero.

In short, one can imagine situations in which empirical Phillips
curves exhibit long lags and situations in which there are no lagged
effects. In either case, the “‘long-run’’ output-inflation relationship as
calculated or simulated in the conventional way has no bearing on the
actual consequences of pursuing a policy of inflation.

As in the consumption and investment examples, the ability to use
(13) or (15) to forecast the consequences of a change in policy rests
crucially on the assumption that the parameters describing the new
policy (in this case 7, o and p) are known by agents. Over periods
for which this assumption is not approximately valid (obviously there
have been, and will continue to be, many such periods) empirical
Phillips curves will appear subject to “‘parameter drift,”” describable
over the sample period, but unpredictable for all but the very near
future.

6 Policy Considerations

In preceding sections, I have argued in general and by example that
there are compelling empirical and theoretical reasons for believing
that a structure of the form

Yerr = FQypx.0.€)

(F known, 6 fixed, x, ‘‘arbitrary’’) will not be of use for forecasting
and policy evaluation in actual economies. For short-term forecasting,
these arguments have long been anticipated in practice, and models
with good (and improvable) tracking properties have been obtained by
permitting and measuring ‘‘drift’” in the parameter vector #. Under
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adaptive models which rationalize these tracking procedures, how-
ever, long-run policy simulations are acknowledged to have infinite
variance, which leaves open the question of quantitative policy
evaluation.

One response to this situation, seldom defended explicitly today
though in implicit form probably dominant at the most ‘“practical’™
level of economic advice-giving, is simply to dismiss questions of the
long-term behavior of the economy under alternative policies and focus
instead on obtaining what is viewed as desirable behavior in the next
few quarters. The hope is that the changes in 6 induced by policy
changes will occur slowly, and that conditional forecasting based on
tracking models will therefore be roughly accurate for a few periods.
This hope is both false and misleading. First, some policy changes
induce immediate jumps in 6: for example, an explicitly temporary
personal income tax surcharge will (cf. section 5.1) induce an imme-
diate rtise in propensity to consume out of disposable income and
consequent errors in short-term conditional forecasts.?? Second, even
if the induced changes in 0 are slow to occur, they should be counted
in the short-term "‘objective function'’, yet rarely are. Thus econo-
metric Phillips curves roughly forecast the initial phase of the current
inflation, but not the ““adverse’ shift in the curve to which that infla-
tion led.

What kind of structure might be at once consistent with the theo-
retical considerations raised in section 4 and with operational, accurate
policy evaluation? One hesitates to indulge the common illusion that
“‘general’’ structures are more useful than specific, empirically verified
ones: nevertheless, a provisional structure. cautiously used, will fa-
cilitate the remainder of the discussion.

As observed in section 4, one cannot meaningfully discuss optimal
decisions of agents under arbitrary sequences {x,} of future shocks. As
an alternative characterization, then. let policies and other disturb-
ances be viewed as stochastically disturbed functions of the state of
the system, or (parametrically)

Xy = G(,\';.}\ .7);), (16)

where G is known, A is a fixed parameter vector, and n, a vector of
disturbances. Then the remainder of the economy follows

Yoo = F(y.x.0(0),¢€,), (17)



(2]

Ln
trorn

[l

rm
)

where. as indicated. the behavioral parameters # vary svstemaucally
with the parameters A governing policy and other "shocks.”” The

conometnc problem in this context is that of estimating the funcuon
HIAD.
In a model of this sort. a pelicy 15 viewed as a change in the

parameters A. or in the funcuon generating the values of policy van-
ables at particular times. A ‘h:mo in policy (in A1 affects the behavior
of the svstem in two wayvs: first by altering the time series behavior of
x.: second by leading to modification of the behavioral parameters Hi &
governing the resi of the system. Evidently. the way this latter mod-
ification can be expected to occur depends crucially on the way the
policy change is carmed out. If the policy change occurs by a sequence
of decisions following no discussed or pre- aqqoumed pattern, 1t will
become known to agents only graduzlly. and then perhaps largely as
higher variance of “"noise.”” In this case. the movement 10 ¢ new Hi4l,
if it occurs in a stable way at all. will be unsyvsiematic. and econo-
metncally unpredictable. If. on the other hand. policy changes occur
as fully discussed and understood changes in rules. there 1s some hope
that the resulting structural changes can be forecast on the basis of
estimation from past data of AiA).

It is perhaps necessary 10 emphasize that this point of view towards
conditonal forecasting, due originally to Knight and. in modemn form.
to Muth. does not atinbute 10 agents unnatural powers of instantly
divining the true structure of policies affecting them. More modestl
it asserts that agenis’ responses become preu::ar le to outside ob-
servers only when there ¢an be some confidence that agents and
observers share a common view of the nature of the shocks which
must be forecast by both.

The preference for “‘rules versus authority™” in economic policy
making suggested by this point of view. is not. as [ hope 13 <lear.
based on anv demonstrable optimality properties of rules-in-general
(whatever that might mean). There seems t0 be no theoretical argu-
ment ruling out the possibility that (for example) delegating economic
decision-making authority to some individual or group might not lead
to superior (by some criterion) economic performance than is attain-
able under some. or all. hvpothetical rules in the sense of (16). The
point is rather that this possibility cannot in principle be substantiated
empirically. The only sciensific quantitative policy evaluauons avail-



able to us are comparisons of the consequences of alternative policy
rules.

7 Concluding Remarks

This essay has been devoted to an exposition and elaboration of a
single syvllogism: given that the structure of an econometric model
consists of optimal decision rules of economic agents. and that optimal
decision rules vary systematically with changes in the structure of
series relevant to the decision maker. it follows that anv change in
policy will svstematically alter the structure of econometric models.

For the question of the short-term forecasting. or tracking ability of
econometric models. we have seen that this conclusion is of only
occasional significance. For issues involving policy evaluation. in con-
trast. it 1s fundamental: for it implies that comparisons of the effects
of alternative policy rules using current macroeconometric models are
invalid regardless of the performance of these models over the sample
period or in ex ante short-term forecasting.

The argument is. in part. destructive: the ability to forecast the
consequences of arbitrary.” unannounced sequences of policy de-
cisions. currently claimed tat least implicitly) by the theory of eco-
nomic policy. appears to be bevond the capability not only of the
current-generation models. but of conceivable future models as well.
On the other hand. as the consumption example shows. conditional
forecasting under the alternative structure (16) and (17) is. while sci-
entifically more demanding. entirely operational.

In short. it appears that policy makers. if they wish to forecast the
response of citizens. must take the latter into their confidence. This
conclusion. if ill-suited to current econometric practice. seems 10 ac-
cord well with a preference for democratic decision making.

Notes

1. See Phelps et al. [31]. Phelps’ earlier [30] and Friedman [13].

2. The earliest wage-price sector embodyving the ““trade-off " 1s (as far as |
knowl in the 1953 version of the Klein-Goldberger model [19]. It has persisted.
with minimal conceptual change. into all current generation forecasting mod-
els. The subsequent shift of the ““trade-off " relationship to center stage in
policy discussions appears due primarily to Phillips {32] and Samuelson and

Solow [33].
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3. See in particular Marschak’s discussion in [25] (helpfully recalled to me by
T. D. Wallace) and Tinbergen’s in [36]. especially his discussion of “"quali-
tative policy™ " in ch. 5. pp. 149-185.

4. See. for example. de Menil and Enzler [6]. Hirsch [16] and Hymans [17].
5. The ill-fated Brookings model project was probably the ultimate expression
of this view.

6. See. for example. Gordon [14].

7. A good account of this and other aspects of forecasting in theory and
practice is provided by Klein [20]. A fuller treatment is available in Evans and
Klein [9].

8. See Klein [20].

9. This is not to suggest that all parameter drift is due to this source. For
example. shifts in production functions due to technological change are prob-
ably well described by a random walk scheme.

10. Of course. the hypothesis continues to be tested as new data sources
become available. and anomalies continue to arise. (For a recent example, see
Mayer [26]). Thus one may expect that. as with most “*confirmed’™” hypotheses,
it will someday be subsumed in some more general formulation.

I1. In [12]. Friedman proposes an alternative view to Muth’'s. namely that the
weight used in averaging past incomes (A) is the same as the discount factor
used in averaging future incomes (8). It is Muth’s theory. rather than Fried-
man'’s of [12]. which is consistent with the cross-section tests based on relative
variances mentioned above.

12. Let o? be the variance of v, and o3, be the variance of the increments of
w,, then the relationship is

] Au o Taw \‘ . 1

2 a? o N T4 g2

13. [10]. p. 113.

14. In particular. the low estimates of "« (see [15]. Table 2. p. 400). which
should equal capital’s share in value added, are probably due to a sizeable
transitory component in a variable which is treated theoretically as though it
were subject to permanent changes only.

15. A tax credit designed for stabilization would. of course. need to respond
to projected movements in the shift variable «,. In this case, the transition
probabilities p and ¢ would vary with indicators (say current and lagged «,
values) of future economic activity. Since my aim here is only to get an idea
of the quantitative importance of a correct treatment of expectations. I will
not pursue this design problem further.

16. The cost of capital of .14 and the depreciation rate of .15 (for manufacturing
equipment) are annual rates from [13]. Since the ratio (2 = r — 8)/(r = 8) is
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not time-unit free. the assumption that all movement toward the new desired
stock of capital takes place in one vear is crucial at this point: by defining a
period as shorter than one year this ratio will increase. and conversely for a
longer period.

17. For the reason given in note 16.

18. It should be noted that this conclusion reinforces the qualitative conclusion
reached by Hall and Jorgenson [13]. p. 413.

19. Sargent [34] and I [23] have developed this conclusion earlier in similar
contexts.

20. This model is taken. with a few changes. from my earlier [24].

21. This supply function for goods should be thought of as drawn up given a
cleared labor market in i. See Lucas and Rapping [22] for an analvsis of the
factors underiving this function.

22. This implication that the variability in demand affects the slope of the
“‘trade-off " is the basis for the tests of the natural rate hvpothesis reported
in [24]. as well as those bv Adie [11 and B. Klein [18§].

23. This observation has been made earlier. for exactly the reasons set out in
section 5.1. by Eisner [8] and Dolde [7]. p. 15.
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Some International
Evidence on
Output-Inflation
Tradeoffs

This paper reports the results of an empirical study of real output-
inflation tradeoffs, based on annual time-series from eighteen countries
over the years 1951-67. These data are examined from the point of
view of the hypothesis that average real output levels are invariant
under changes in the time pattern of the rate of inflation, or that there
exists a ‘‘natural rate’’ of real output. That is, we are concerned with
the questions (i) does the natural rate theory lead to expressions of
the output-inflation relationship which perform satisfactorily in an
econometric sense for all, or most, of the countries in the sample, (ii)
what testable restrictions does the theory impose on this relationship,
and (iii) are these restrictions consistent with recent experience?

Since the term ‘‘natural rate theory’’ refers to varied aggregation of
models and verbal developments,! it may be helpful to sketch the key
elements of the particular version used in this paper. The first essential
presumption is that nominal output is determined on the aggregate
demand side of the economy, with the division into real output and
the price level largely dependent on the behavior of suppliers of labor
and goods. The second is that the partial “‘rigidities’” which dominate
short-run supply behavior result from suppliers’ lack of information
on some of the prices relevant to their decisions. The third presump-
tion is that inferences on these relevant, unobserved prices are made
optimally (or “‘rationally’’) in light of the stochastic character of the
economy.

Reprinted from American Economic Review 63 (June 1973):326-334 by
permission.
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As I have argued elsewhere (1972), theories developed along these
lines will not place testable restrictions on the coefficients of estimated
Phillips curves or other single equation expressions of the tradeoff.
They will not, for example, imply that money wage changes are linked
to price level changes with a unit coefficient, or that “‘long-run’ (in
the usual distributed lag sense) Phillips curves must be vertical. They
will (as we shall see below) link supply parameters to parameters
governing the stochastic nature of demand shifts. The fact that the
implications of the natural rate theory come in this form suggests an
attempt to test it using a sample, such as the one employed in this
study, in which a wide variety of aggregate demand behavior is
exhibited.

In the following section, a simple aggregative model will be con-
structed using the elements sketched above. Results based on this
model are reported in Section 2, followed by a discussion and
conclusions.

1 An Economic Model
The general structure of the model developed in this section may be
described very simply. First, the aggregate price-quantity observations
are viewed as intersection points of an aggregate demand and an
aggregate supply schedule. The former is drawn up under the assump-
tion of a cleared money market and represents the output-price level
relationship implicit in the standard IS-LLM diagram. It is viewed as
being shifted by the usual set of demand-shift variables: monetary and
fiscal policies and variation in export demands. The supply schedule
is drawn under the assumption of a cleared labor market; its slope
therefore reflects labor and product market “‘rigidities.™

The structure of this model, which is essentially that suggested in
Lucas and Leonard Rapping (1969), will be greatly simplified by an
additional special assumption: that the aggregate demand curve is unit
elastic.” In this case, the level of nominal output can be treated as an
‘*exogenous’’ variable with respect to the goods market, and the entire
burden of accounting for the breakdown of nominal income into real
output and price is placed on the aggregate supply side. In the next
subsection, 1.1, a supply model designed to serve this purpose is
developed. In subsection 1.2, solutions to the full (demand and supply)
model are obtained.
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1.1 Aggregate Supply

All formulations of the natural rate theory postulate rational agents,
whose decisions depend on relative prices only, placed in an economic
setting in which they cannot distinguish relative from general price
movements. Obviously, there is no limit to the number of models one
can construct where agents are placed in this situation of imperfect
information; the trick is to find tractable schemes with this feature.
One such model is developed below.

We imagine suppliers as located in a large number of scattered,
competitive markets. Demand for goods in each period is distributed
unevenly over markets, leading to relative as well as general price
movements. As a consequence. the situation as perceived by individ-
ual suppliers will be quite different from the aggregate situation as
seen by an outside observer. Accordingly, we shall attempt to keep
these two points of view separate, turning first to the situation faced
by individual suppliers.

Quantity supplied in each market will be viewed as the product of
a normal (or secular) component common to all markets and a cyclical
component which varies from market to market. Letting = index mar-
kets, and using v, and v, to denote the logs of these components,
supply in market z is:

vA2) = ¥nr + Yed2) ()

The secular component, reflecting capital accumulation and population
change, follows the trend line:

Yo = + Bt (2)

The cyclical component varies with perceived, relative prices and with
its own lagged value:

yed2) = y[P(2) — E(P,|1(2))]
+ Ave1(2) (3)

where P/(z) is the actual price in z at t and E(P,|I(z)) is the mean
current, general price level, conditioned on information available in z
at ¢, I,(z).* Since y,, is a deviation from trend, \| < I.

The information available to suppliers in z at r comes from two
sources. First, traders enter period ¢ with knowledge of the past course
of demand shifts, of normal supply y,, and of past deviations y.,_,.
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Ferronr - E - While this information does not permit exact inference of
the log of the current general price level. P,. it does determine a
“prior’’ distribution on P,. common to traders in all markets. We
assume that this distribution is known to be normal. with mean P,
(depending in a known way on the above history) and a constant
variance o’.

Second. we suppose that the actual price deviates from the (geo-
metric) economy-wide average by an amount which is distributed
independently of P,. Specifically. let the percentage deviation of the
price in z from the average P, be denoted by - (so that markets are
indexed by their price deviations from average) where - is normally
distributed. independent of P,. with mean zero and variance . Then
the observed price in z. P,(z) (inlogs) is the sum of independent. normal
variates

P(:) =P —-: (4

The information /,(z) relevant for estimation of the unobserved (by
suppliers in z at 7) P,. consists then of the observed price P.(2) and the
history summarized in P..

To utilize this information. suppliers use (4) to calculate the distri-
bution of P,. conditional on P.:) and P.. This distribution is (by
straightforward calculation) normal with mean:

E(P, I.(z)) = E(P. P.(z). P,

_ (3
= (1 — 8)P,(z) + 8P,
where # = 72/(0* = 7°). and variance #o*. Combining (1). (3). and (5)
vields the supply function for market ::
vi2) = v, = 6y[P,(z) — P, :
) ¥l / ] (6)
ki 1\'\.,«_P—j(:)

Averaging over markets (integrating with respect to the distribution of
o) gives the aggregate supply function:
No= v = 0P, — P,

+ ADviZ = vaao] (7)

The slope of the aggregate supply function (7) thus varies with the
fraction 6 of roral individual price variance. o + 7. which is due to
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the parameter values. The resulting solutions for price and output
are:

,;,,«’5 1
P = — —AB *
l - 84 i L= "
iy
T : Lpmy — Blfy=g = Ml = AT,
1 — #
oy 8 1
V.= = +~ AB ~ Ax
1 - & 1 =
= A = {1 — Al
In terms of AP. and »... and letting = = #v (1 — #¥), the solutions are:
Vg = =S T m ANy T AVer (1D
AP, = =B =l — #)Ax - 7 Ay,
—h Al (12)

Let us review these solutions for internal consistency. Evidently. P.
1s normally distributed about P.. The conditional variance of P. will
have the constant (as assumed) vanance 1«1 — #v)g:. Thus those
features of the behavior of prices which were assumed “"known' by
suppliers in subsection 1.1 are. in fact. true in this economy.

To review. equauons (1) and 12) are the equilibrium values of the
inflation rate and real output (as a percentage deviation from trend).
Theyv give the intersection points of an aggregate demand schedule.
shifted by changes in x.. and an aggregate supply schedule shifted by
variables (lagged prices) which determine expectations. In order to
avoild the introduction of an additional. spurious ""expectations params-
eter.”” one cannot solve for this intersection on a period-byv-penod
pasis; accordingly. we have adopted a method which vields equilibrium
“paths™ of prices and output. Otherwise. the interpretation of (11)
and (121 1s enurely conventional.

Not surprisingly. the solution values of inflation and the cyclical
component of real outpurt are indicated by (11) and (12) to be distrib-
uted lags of current and past changes in nominal output. A change in
the nominal expansion rate. Ax.. has an immediate effect on real
output. and lagged effects which decay geometrically. The immediate
effect on prices is one minus the real output effect. with the remainder
of the impact coming in the succeeding period. We note in particular
that this lag pattern may well produce periods of simultaneous inflation
and below average real output. Though these periods arise because of
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supply shifts, the shifts result from lagged perception of demand
changes, and nor from autonomous changes in the cost structure of
suppliers.

In addition to these features, the model does indeed assert the
existence of a natural rate of output: the average rate of demand
expansion, &, appears in (11) with a coefficient equal in magnitude to
the coefficient of the current rate, and with the opposite sign. Thus
changes in the average rate of nominal income growth will have no
effect on average real output. On the other hand, unanticipated de-
mand shifts do have output effects, with magnitude given by the
parameter 7. Since this effect depends on *“fooling™™ suppliers (in the
sense of subsection 1.1), one expects that 77 will be larger the smaller
the variance of the demand shifts. We next develop this implication
explicitly.

From the definition of 7 in terms of # and vy, and the definition of
0 in terms of o* and 7° we have

2y
o + 31 + )

T =

Combining with the expression for o obtained above, this gives

D)

_ Y
T (1 — 7)o + 721 + y) (13)

For fixed 7% and vy, then, 7 takes the value y/(1 + y) at g2 = 0 and
tends monotonically to zero as o2 tends to infinity.

The prediction that the average deviation of output from trend,
E(y.,), is invariant under demand policies is not, of course, subject to
test: the deviations from a firred trend line must average to zero.
Accordingly, we must base tests of the natural rate hypothesis (in this
context) on (13): a relationship between an observable variance and a
slope parameter.

2 Test Results

Testing the hypothesis advanced above involves two steps. First,
within each country (11) and (12) should perform reasonably well. In
particular, under the presumption that demand fluctuations are the
major source of variation in AP, and y.,, the fits should be ‘‘good.”
The estimated values of 7 and A should be between zero and one.
Finally, since (11) and (12) involve five slope parameters but only two
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theoretical ones, the estimated 7 and A values obtained from fitting
(11) should work reasonably well in explaining variations in AP,.

The main object of this study, however, is not to ‘*explain’’ output
and price level movements within a given country, but rather to see
whether the terms of the output-inflation “‘tradeoff’™” vary across coun-
tries in the way predicted by the natural rate theory. For this purpose,
we shall utilize the theoretical relationship (13) and the estimated
values of 7 and 2. Under the assumption that 7> and vy are relatively
stable across countries, the estimated 7 values should decline as the
sample variance of Ax, increases.

Descriptive statistics for the eighteen countries in the sample are
given in Table 1.8 As is evident, there is no association between
average real growth rates and average rates of inflation: this fact seems
to be consistent with both the conventional and natural rate views of
the tradeoff. Since our interest is in comparing real output and price
behavior under different time patterns of nominal income, these sta-
tistics are somewhat disappointing. Essentially two types of nominal
income behavior are observed: the highly volatile and expansive pol-
icies of Argentina and Paraguay, and the relatively smooth and mod-

Table 1 Descriptive Statistics, 1952-67

Mean Mean Variance Variance Variance

Country Ay, AP, Yet AP, Ax,

Argentina .026 .220 .00096 .01998 .01555
Austria .048 .038 .00104 .00113 .00124
Belgium .034 .021 .00075 .00033 .00072
Canada .043 .024 .00109 .00018 .00139
Denmark .039 .041 .00082 .00038 +.00084
West Germany .056 .026 .00147 .00026 .00073
Guatemala .046 .004 .00111 .00079 .00096
Honduras .044 .012 .00042 .00084 .00109
Ireland .025 .038 .00139 .00060 .00111
Italy .063 .032 .00022 .00044 .00040
Netherlands .047 .036 .00055 .00043 .00101
Norway .038 .034 .00092 .00033 .00098
Paraguay .054 157 .00488 .03192 .03450
Puerto Rico .058 .024 .00205 .00021 .00077
Sweden .039 .036 .00030 .00043 .00041
United Kingdom .028 .034 .00022 .00037 .00014
United States .036 .019 .00105 .00007 .00064

Venezuela .060 .016 .00175 .00068 .00127
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erately expansive policies of the remaining sixteen countries. But if
the sample provides only two ‘‘points,’” they are indeed widely sep-
arated: the estimated variance of demand in the high inflation countries
is on the order of 10 times that in the stable price countries.

The first three columns of Table 2 summarize the performance of
equation (11) in accounting for movements in y.,. The estimated values
for 7 all lie between zero and one; with the exceptions of Argentina
and Puerto Rico, so do the estimated A values. The R?s indicate that

Table 2 Summary Statistics by Country, 1953—-67

Country ™ A R? Rée RZ,

Argentina .01 -.126 .018 929 914
(.070) (.258)

Austria .319 .703 .507 .518 —
(.179) (.209)

Belgium .502 741 .875 772 .661
(.100) (.093)

Canada .759 .736 .936 418 —
(.064) (.075)

Denmark 571 .679 812 .498 .282
(.118) (.110)

West Germany .820 .784 .881 .130 —
(.136) (.110)

Guatemala 674 .695 .356 .016 —
(.301) (.274)

Honduras .287 414 .274 521 .358
(.152) (.250)

Ireland .430 .858 .847 .499 .192
(.121) (.111)

Italy 622 .042 .746 .934 914
(.134) (.183)

Netherlands 531 571 711 .627 .580
(.111) (.149)

Norway .530 .841 .893 .633 427
(.088) (.096)

Paraguay .022 742 .568 .941 751
(.079) (.201)

Puerto Rico .689 1.029 .939 419 —
(.121) (.072)

Sweden .287 .584 525 .648 405
(.166) (.186)

United Kingdom .665 .178 .394 .266 115
(.290) (.209)

United States 910 .887 .945 571 464
(.086) (.070)

Venezuela 514 .937 .755 .425 —

(.183) (.148)
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for many, or perhaps most countries, important output-determining
variables have been omitted from the model. The R*s for the inflation
rate equation, (12), are given in column (4) of Table 2. In general,
these tend to be lower than for equation (11), and not surprisingly the
estimated coefficients from (12) (which are not shown) tend to behave
erratically. Column (5) of Table 2 gives the fraction of the variance of
AP, explained by (12) when the coefficient estimates from (11) are
imposed. (A “*—"" indicates a negative value.)’

With respect to its performance as an intracountry model of income
and price determination, then, the system (11)—(12) passes the formal
tests of significance. On the other hand, the goodness-of-fit statistics
are generally considerably poorer than we have come to expect from
annual time-series models.

In contrast to these somewhat mixed results, the behavior of the
estimated 7 values across countries is in striking conformity with the
natural rate hypothesis. For the sixteen stable price countries., 7
ranges from .287 to .910; for the two volatile price countries, this
estimate is smaller by a factor of 10! To illustrate this order-of-mag-
nitude effect more sharply, let us examine the complete results for two
countries: the United States and Argentina. For the United States, the
fitted versions of (11) and (12) are:

Yoo = —.049 + ((910)Ax, + (.887)ye,
AP, = —.028 + (.119)Ax, + (.758)Ax,_,
—(.637) Aves

The comparable results for Argentina are:

Yoo = —.006 + (011 Ax, — (126)ve,,
AP, = —.047 + (1.140)Ax, — (.083)Ax,_,
+ (.102)Ave,

In a stable price country like the United States, then, policies which
increase nominal income tend to have a large initial effect on real
output, together with a small, positive initial effect on the rate of
inflation. Thus the apparent short-term tradeoff is favorable, as long
as it remains unused. In contrast, in a volatile price country like
Argentina, nominal income changes are associated with equal, contem-
poraneous price movements with no discernible effect on real output.
These results are, of course, inconsistent with the existence of even
moderately stable Phillips curves. On the other hand, they follow
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directly from the view that inflation stimulates real output if, and only
if, it succeeds in “*fooling™" suppliers of labor and goods into thinking
relative prices are moving in their favor.

3 Concluding Remarks

The basic idea underlying the tests reported above is extremely simple,
yet I am afraid it may have become obscured by the rather special
model in which it is embodied. In this section, [ shall try to restate
this idea in a way which, though not quite accurate enough to form
the basis for econometric work, conveys its essential feature more
directly.

The propositions to be compared empirically refer to the effects of
aggregate demand policies which tend to move inflation rates and
output (relative to trend) in the same direction, or alternatively, un-
employment and inflation in opposite directions. The conventional
Phillips curve account of this observed co-movement says that the
terms of the tradeoff arise from relatively stable structural features of
the economy, and are thus independent of the nature of the aggregate
demand policy pursued. The alternative explanation of the same ob-
served tradeoff is that the positive association of price changes and
output arises because suppliers misinterpret general price movements
for relative price changes. It follows from this view, first, that changes
in average inflation rates will not increase average output., and sec-
ondly, that the higher the variance in average prices, the less *‘favor-
able’’ will be the observed tradeoff.

The most natural cross-national comparison of these propositions
would seem to be a direct examination of the association of average
inflation rates and average output, relative to “‘normal™” or “*full em-
ployment.”” Unfortunately, there seems to be no satisfactory way to
measure normal output. The deviation-from-fitted-trend method I have
used defines normal output to be average output. The use of unem-
ployment series suffers from the same difficulty, since one must some-
how select the (obviously positive) rate to be denoted full employment.

Thus although the issue revolves around the relation between means
of inflation and output rates, it cannot be resolved by examination of
sample averages. Fortunately, the existence of a stable tradeoff also
implies a relationship between variances of inflation and output rates,
as illustrated in Figure 1. With a stable tradeoff, policies which lead
to wide variation in prices must also induce comparable variation in
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O Stable Price Country

O Volatile Price Country
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Figure 1

real output. If these sample variances do not tend to move together
(and, as Table | shows, they do not) one can only conclude that the
tradeoff tends to fade away the more frequently it is used, or abused.
This simple argument leads to a formal test if the output-inflation
association is entirely contemporaneous. In fact, however, it involves
lagged effects which make a direct comparison of variances, as just
suggested, difficult in short time-series. Accordingly, it has been nec-
essary to impose a specific, simple structure on the data. As we have
seen, this structure accounts for output and inflation rate movements
only moderately well, but well enough to capture the main phenome-
non predicted by the natural rate theory: the higher the variance of
demand, the more unfavorable are the terms of the Phillips tradeoff.

Notes

1. The most useful, general statements are those of Milton Friedman (1968)
and Edmund Phelps. Specific illustrative examples are provided by Donald
Gordon and Ailan Hynes and Lucas (April 1972).

2. An explicit derivation of the price-output relationship from the IS-LM
framework is given by Frederic Raines. Of course, this framework does not
imply an elasticity of unity, though it is consistent with it. Since the unit
elasticity hypothesis is primarily a matter of convenience in the present study,
I shall comment below on the probable consequences of relaxing it.
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3. A supply function for labor which varies with the ratio of actual to expected
prices 1s developed and verified empirically by Lucas and Rapping (1969). The
effect of lagged on actual employment is also shown. In our 1972 paper. in
response to Albert Rees’s criticism, we found that this persistence in employ-
ment cannot be fully explained by price expectations behavior. Both these
effects—an expectations and a persistence effect—will be transmitted by firms
to the goods market. In addition, they are probably augmented by speculative
behavior on the part of firms (as analyzed for example. by Paul Taubman and
Maurice Wilkinson).

For a general equilibrium model in which suppliers behave essentially as
given by (3), see my 1972 papers.

4. This predicted relationship between a supply elasticity and the variance of
a component of the price series is analogous to the link between the income
elasticity of consumption demand and the variances of permanent and tran-
sitory income components which Friedman (1957) observes. As will be seen
in Section 2. it works in empirical testing in much the same way as well.

5. This particular characterization of the ““shocks™ to the economy is not
central to the theory. but to discuss rational expectations formation at all,
some explicit stochastic description is clearly required. Independence is used
here partly for simplicity, partly because it is empirically roughly accurate for
most countries in the sample. The effect of autocorrelation in the shocks
would, as can be easily traced out, be to add higher order lag terms to the
solutions found below.

6. This solution method is adapted from Lucas (1972). which is in turn based
on the ideas of John Muth.

7. If a demand function of the form v, = £P, + x, had been used. these solutions
would assume the same form, with different expressions for the coefficients.
If ¢ # 1, however. v, is an unobserved shock, unequal in general to observed
nominal income. In this case, the model still predicts the time-series structure
(moments and lagged moments) of the series v, and AP, and is thus, in
principle, testable. 1 have found empirical experimenting along these lines
suggestive, but the series used are simply too short to yield results of any
reliability.

8. The raw data on real and nominal GNP are from Yearbook of National
Accounts Statistics, where series from many countries are collected and put
on a uniform basis. The choice of countries is by no means random: the
eighteen used are all the countries from which continuous series are available.
The sample could thus be broadened considerably by use of sources from
individual countries. To obtain the variables used in the tests, the logs of real
and nominal output, v, and x,, are logs of the series in the source. The log of
the price level. P,. is the difference x, — v;: v, 1s the residual from the trend
line y, = a + bt, fit by least squares from the sample period. The moments given
in Table 1 are maximum likelihood estimates based on these series. The
estimates reported in Table 2 are by ordinary least squares.
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9. The loss of explanatory power when these coefficients are imposed on (12)
can be assessed formally by an approximate Chi-square test. By this measure,
the loss is significant at the .05 level for Paraguay only. As Table 2 shows,
however, this test is somewhat deceptive: for several countries the least
squares estimates of (12) are so poor that there is little explanatory power to
lose, and the test is “"passed’’ vacuously.
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Errata

[Editor’s note: the following remarks by the author appeared in Amer-
ican Economic Review 66 (December 1976):985] Neil Wallace has
pointed out a serious conceptual error in the tests I described in my
article published in this Review, June 1973. The point is obscured by
my decision to discuss estimation in terms of the deviations of log
output from trend (v.,) instead of the log of the level (v,), but it is clear
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from inspection of the two equations for y, and P, stated between (10)
and (11). Either of these equations can be obtained from the other
using the identity v, + P, = x,.

Much of the discussion of the within-country results given in Section
2 is marred by my erroneous impression that I was estimating a two-
equation model; in fact, there is only one equation. Since it is too late
to do anything about this, let me just indicate the main ways this error
affects Table 2 and its interpretation. First, the columns headed Rj
and R%, have nothing to do with the ability of the model to explain
real output versus inflation rate movements. The R? measures the ability
of the one equation in the model, estimated in level form, to explain
output. The R%, measures the ability of the same equation, estimated
in first difference form, to explain inflation rates. Viewed in this (that
is, the correct) way, a comparison of the two has no obvious interest.
Second, the test discussed in note 9 and the column headed R? have
no bearing on “‘cross-equation’’ theoretical restrictions; since there is
only one equation in the system, there can be no such restrictions.

A correct understanding of the relationship between the ‘‘two
equations in my model is obviously essential to an interpretation of
the within-country results, and as can be seen from the above para-
graph, the necessary revisions are far from minor conceptually. Sub-
stantively, however, the main conclusion I reached is not altered. The
within-country results, which seemed consistent with the evidence but
not particularly impressive invalidly interpreted, appear about the
same interpreted validly. The cross-country results, which were the
only evidence bearing directly on the natural rate hypothesis in the
paper, are not affected in any way.

LX)
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1 Introduction

There are at present two leading theories describing the response of
a competitive industry to cyclical fluctuations in product demand, one
based on the neoclassical production function, the other on the hy-
pothesis of fixed factor proportions. In this introductory section, the
implications of each for cyclical movements in output. inputs. and
relative prices are sketched, and the formidable (and largely familiar)
empirical cases against both theories are reviewed.! In the remainder
of the paper, an alternative theory, consistent with the evidence which
appears to contradict the first two theories, is articulated.

To review the two theories in their simplest form, consider a com-
petitive industry with many firms producing a single output by means
of two inputs: labor and capital. Production is subject to constant
returns to scale:

,“[ - .f(-\.t)« ( 1 )

where v, is output per unit of capital in period r. and x, is labor (man-
hours) per unit of capital. In the current period. capital is fixed at its
beginning of period level, so that the current period. short-run decision

Reprinted from American Economic Review 60 (1970): 23-27 by permission.

| wish to thank my colleagues L. A. Rapping, Myron Joseph, T. W. McGuire, and
Wynn Winkler for their comments and suggestions. | would also like to thank
Arvind Jain for his assistance and the National Science Foundation for its support.
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problem for each firm is: choose labor and output, subject to (1), so
as to maximize profit per unit of capital,

PiyVe = Wi (2)

The wage rate w, and the output price p, are regarded as parameters
by firms. When a particular production function is specified, solution
of this maximum problem yields theories of short-run output supply
and labor demand.

If the production function is neoclassical (f'(x) > 0, f'(x) < 0 for all
x > 0) one obtains the following well-known implications: (a) the
marginal cost curve is smooth and upward sloping, so that demand
shifts induce output and price changes in the same direction: (b) real
wages w/p = f'(x). should move countercyclically (be negatively cor-
related with x); (¢c) empirical estimates of (1) should yield an output-
labor elasticity xf"(x)/f(x) roughly equal to labor’s share.

An alternative theory is obtained from maximizing the quantity (2)
when f exhibits fixed factor proportions:?2

v, = min[x,, 1]. (3)

The principal implications of this theory are: (a) the marginal cost
curve is flat, up to capacity output, so that demand increases will lead
first to expansions of output, next to price increases; (b) since capital
earns a return only if x, = I, this equality should hold at cyclical
peaks; (c) both labor’s share and the real wage should move counter-
cyclically; (d) under an optimal policy, v, = x;, so that empirical esti-
mates of (1) should yield an output-labor input elasticity of unity.

Evidence from direct estimation of production functions clearly fa-
vors the fixed proportions theory. Table 1 below reports six esti-
mates of the Cobb-Douglas form of (1), with an exponential trend term
added.? In each case, the estimated output labor input elasticity differs
insignificantly from unity. If the test for a “*good’” production function
is an elasticity near labor’s share, these results must be discarded (as
one suspects similar results have been by many others). Yet by usual
econometric standards, these results are excellent, and they exhibit a
satisfying uniformity over a wide variety of samples and time periods.
Perhaps it would be more interesting to search for a theory which can
account for this regularity.
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Evidence on cyvelical movements in real wages is inconsistent with
both theories. Thus Bodkin concludes his recent review and extension

of the evidence on this point with: . . . the majority of the analyses
performed with the U.S. data support the . . . view that real wages

are positivelv related to the ¢velical utilization of the labour force. ™
Some tests of my own similarly show a weak relationship berween
movements in real wages and the labor-capital rauo.®

A third source of evidence on the fixed proportions hypothesis (3}
12 obtained by examining trend-corrected capital-output ratios at suc-
cessive cyclical peaks. Since the constraint »- < | must be binding for
capital to earn a positive return. the peak observed v, should be
lapproximatelyv) attained frequently. This prediction is contradicted by
the levels of v.. relative to trend. attained during and immediately
following World War II. which far exceed any previous or subsequent
values.®

To summarize. there appears 1o be no evidence of diminishing re-
turns to labor in U.S. time senes data. either from real wage move-
ments or from direct estimation of production functions. On the other
hand. the fixed factor proportions hypothesis cannot account for fixed
output per unit of capital flows attained during wartime. or for the
absence of countercyvelical real wage movements.

2 An Alternative Model
The evidence summarized in the preceding section and its implications
for the two standard production theories are familiar to empincal
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students of the business cycle. It is widely thought that the most
hopeful route toward a resolution of these difficulties will be to incor-
porate vartations in the rate of capital utilization into the theory. This
can be done on two levels. First, some investigators have obtained
“improved’ empirical production functions (that is. have obtained
labor elasticities closer to labor’s share) by "“correcting’” measured
capital stock for variations in utilization rates. Second. there have
been attempts to reformulate the cost structure of firms to explain why
less than full utilization of capital can be. at times. optimal. To account
for the observations cited above. an adequate theory must clearly do
both.

In this paper we shall pursue the view. advanced and studied in
some detail by Marris. in which utilization is defined in terms of the
fraction of hours per period (day. week) over which equipment is
operated.” The rate of utilization. for fixed capital stock. will then
depend on the rising schedule of wage rates as the firm moves from
the most attractive to the least attractive hours of work. Certainly of
the several available explanations for variations in rates of capital
utilization. this view is the most relevant for secular movements. The
basic reason that much of our capital is operated or occupied roughly
40 of 168 hours in a "‘normal’” week is that people dislike night and
weekend work. and the reason utilization in this sense has declined
slowly throughout the éentury is that we have spent some of our
increasing wealth on indulging this preference.® The fact that both
hours worked per week and shift work are pro-cyclical suggests that
worker preferences may be important in understanding cvclical vari-
ation in capital utilization as well. To determine whether this is so. an
explicit model linking preferences and utilization is developed in the
remainder of this section.”

We think of time as divided into discrete periods. corresponding to
the period of observation (e.g.. quarters) where each period is of length
one. Capital stock is fixed throughout the period at its beginning-of-
period level. and output is sold (or added to inventory) at the end of
the period. Time within the period is treated as the unit interval. with
points ordered from most to least desirable for workers. From the
point of view of the firm. these preferences are summarized in a
schedule wi(s). 0 < 5 < 1. of competitive wage rates for work at time
s. This schedule will have an upward slope. reflecting observed pre-
mium pay for overtime. night. and weekend work.
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We first consider this problem under the fixed factor proportions
hypothesis (3), or

f(x(s)) = min[x(s). 1], (8)
and:
d(s) is strictly increasing. (9)

From [13]. Theorem 2", a solution x"(s) exists. It is clear that x’(s) will
take the value 1 on an interval [0, «] and 0 on («. 1] for some number
0 < u < 1. Since &(s) is increasing. « is uniquely determined by:

~u

d(syds = ¢. with equality if « < 1. (10)
Y0

The short-run product market implications of this model are exactly
as in the standard, neoclassical case. From (10) one obtains total
variable cost as a function of « and w,. w,c(«), where ¢(u) is strictly
convex and satisfies:

1
c(0) = 0. c(l) = d(s)ds. c'(u) = du). (11)
0
From (4), output per unit of capital is v = [§ ds = u, so that w,d(v) is the
marginal cost function.

From (5). total man-hours per unit of capital also equal « (and V) so
that the observed output-labor input elasticity is predicted to be unity.
With output per man-hour fixed over the cycle. the real wage and
labor’s share are the same variable. Their common value is given by
the ratio of money compensation. (w,/u«) [id(s)ds, to output price (or
marginal cost) w,d(u). The derivative of this ratio with respect to «
(which is as good an index of the cycle as any other) is then:

1 [ w ( ud' (1) ]

L) By ———) .

u p bdu)

Since w/p equals labor’s share. it is between zero and one. On the
other hand, | + ud'(«)/d(u) exceeds one. Hence the cyclical move-
ment in the real wage rate is not restricted by the theory.!' In sum-

mary, the theory just outlined is consistent with all of the evidence
cited in the preceding section.
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The short-run cost structure of the firm is essentially unchanged
when the fixed proportions assumption is replaced by a neoclassical
production function, as we next show. In place of (8), we require f to
be twice differentiable and satisfy:

A0) = 0, S'(x) >0, (=) =0, S7(x) < 0. (12)

Again, Theorem 2" of [13] guarantees the existence of an optimal work
schedule x'(s). The strict concavity of f and the convexity of the set
of functions defined by x(s) = 0 and (7) assure that this optimum is
unique. Since /f is strictly increasing, (7) holds with equality at x°(s)
and, further, there is a positive number A such that, forall 0 < s < 1,

() = A(s), (13)

with equality if x°(s) > 0. To obtain the cost function of the firm, then,
one must solve (7) and (13) for A and x(s).

Inverting (13) gives the optimal workforce at s as a function of A (s):
xX%s) = x(Ad(s)). Then since the value of the objective function under
x"(s) is output per unit of capital, y, we have:

-1
y = J FIRAB($))] ds.
0

This in turn may be solved for A = A(y), where
AO) > 0, A(x) = 0, A(v) < 0. (14)
Then substitution into (7) yields total variable cost as a function of
output:
1

we(v) = wy ’- XA ()b (s) ds. (15)

70
By differentiation and the application of (13), one verifies the familiar
fact that marginal cost is:

Wy

A

wee'(y) =

Thus, as in the fixed proportions case, the short-run product market
implications of the model are identical to those of the standard neo-
classical model discussed in the introduction.

This model implies a stable empirical *‘production function,” ob-
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tained by substituting the optimal work schedule (which depends on
output) into (5):

1
oy =f XAM)D(s)] ds. (16)

The derivative of output with respect to labor input along this curve
is readily calculated, but we can determine nothing about dy/dx except
its sign. In particular, the elasticity (x/v)(dv/dx) may be on either side
of one, and bears no necessary relation to labor’s share. Thus, this
theory is consistent with the cyclical observations cited above, in the
nearly vacuous sense that it is consistent with any stable empirical
production function and with any cyclical pattern in real wages and
labor’s share.

3 Conclusions

The main point of this paper has been to examine two distinct margins
along which a firm may increase its observed labor-capital ratio. The
first, and most familiar, margin involves labor-capital substitution in
the usual sense: at each point in time, one may work a fixed stock of
equipment with more labor. The second corresponds to what is re-
ferred to as increasing the intensity of capital use: the fraction of the
production period over which capital is used is increased. Along both
margins, increasing marginal cost is met: in the first case, due to
diminishing returns in a productive sense; in the second, due to a
rising schedule of premium wages as operations are extended to hours
which workers regard as unattractive. These two sources of diminish-
ing pecuniary returns, separately or in combination, have identical
short-run product market implications, the same as those of the simple
neoclassical theory of Section 1. In contrast to the standard models,
however, the models developed above are consistent with observed
cyclical patterns in production and real wages. First, in common with
the neoclassical theory, these models predict a stable relationship
between output per unit of capital stock and man-hours per unit of
capital stock. The elasticity of the former with respect to the latter
need not, however, exhibit diminishing returns, even if the instanta-
neous production function is neoclassical. Thus both forms of the
theory are consistent with the production function estimates reported
in Section 1. Second, neither of the models developed here requires
a countercyclical pattern in average, real compensation per man-hour
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(the usual measure of ‘‘the’” real wage rate). Thus the wage implica-
tions of the theory are consistent with the results of Bodkin [2] and
others.

Notes

1. The review was suggested by, and resembles, some of Phelps’s observations
in [9].

2. Equation (3) assumes that capital and labor units have been chosen so that
peak output per unit of either input is unity.

3. The results in Table 1, lines 1-3, are based on annual U.S. time series from
Kendrick [S]. Line 4 is based on annual data from OBE sources. Lines 5 and
6 use OBE quarterly data. They differ only in the capital variable, line 5 using
a one-hoss-shay (OHS) assumption to cumulate investment, and line 6 using
declining balance (DB). The series are described in detail in [7], an earlier
draft of this paper. (They may be obtained from the author on request.) The
estimates are obtained using the two-step method proposed by Durbin in {3],
which is appropriate under the hypothesis of first-order autocorrelation in the
residuals. The statistic R? is one minus the sum of squared errors from the
second stage, divided by the sum of squared deviations of the dependent
variable from its mean (not the computed R* from the second stage).

4. The citation is from Section 7 of [2]. Bodkin uses the unemployment rate
as an indicator of the cycle, and deflates money wages with a variety of price
indexes. It should be mentioned that on postwar, quarterly U.S. manufacturing
data Bodkin obtains results which (as he indicates) appear to be an exception
to the results cited here.

5. These tests, based on data described in note 3, are reported in [7].

6. Output per unit of capital exceeded its secular (1890-1954) trend level by
more than 20 percent in each of the years 1944—46. and in no other years of
this period (using the Kendrick data in [5]).

7. See [8]. The view of utilization taken in this paper is essentially that of
Marris, although we shall be concerned with a different set of implications.
For alternative formulations, see Taubman and Wilkinson [11] and the " putty-
clay™ theories of Johansen [4] and Solow [10].

8. See the discussion by Lewis in [6].

9. The debt to Marris is acknowledged above. The following also uses the
distinction between a rate and a volume of production in exactly the sense of
Alchian [1].

10. There is some support for this assumption in the fact that some premium
rates—notably overtime—are specified as a proportion of a base wage. About
one-fourth of late shift workers receive a premium specified in percentage
terms [12, p. 95]. A deeper analysis of this question would, of course, go
behind the schedule ¢(s) to the preference functions of labor suppliers.
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11. This is true provided the elasticity w¢'(1)/p(1) is regarded as unobservable.
The regression of log(iw/p) on log(y) yields an estimate, according to the above
theory, of the inverse of labor’s share (about 1.5) less 1 + wu’(10)/h(1). Hence,
a coefficient 0 on log(v) indicates an elasticity for ¢(u«) of .5. This number is
not widely out of line with time-and-a-half for overtime or an 8 percent night
shift differenttal [12, p. 86]. But to construct a careful test would involve the
actual construction of the schedule ¢(s), and the determination of the appro-
priate arc elasticity to compare against .5.
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Equilibrium Search
and Unemployment

1 Introduction

Thirty years after the Great Depression, economists have again
worked up the nerve to ask an obvious question: Why is it that workers
choose (under some conditions) to be unemployed rather than to take
employment at lower wage rates? Soon after serious attention began
to be focused on this question, a variety of models were advanced to
illustrate how workers might rationally prefer some other activity to
work at wage rates they perceive to be temporarily below normal.! A
particularly interesting class of models arises when the alternate activ-
ity is taken to be job search: The worker is faced with a wage offer
which he views as a drawing from a probability distribution; his
choices are to accept the offer or to take another drawing.?> (To be of
interest, obviously, these choices must be mutually exclusive: One
must be unable to search and work at the same time.)

Most contributors to this literature on search behavior subscribe to
some form of the Friedman-Phelps notion that there exists a natural
rate of unemployment which either cannot or should not (or perhaps
both) be lowered (on average) by monetary and fiscal policies.? Yet
while the language used in discussing this natural rate suggests that it
may have the properties of a competitive equilibrium, there exist no
theoretical models in which a nonzero equilibrium unemployment rate

Reprinted from Journal of Economic Theory 7 (February 1974):188-209 by per-
mission. Copyright 1974 by Academic Press.
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k1



157 Equilibrium
Search

is determined and its properties studied.* Normatively, this means that
there is no framework within which important welfare issues such as
those raised by Phelps [11, Chapter 4] and Tobin [14] can be formu-
lated and analyzed. Empirically, it means (for example) that there is
no theoretical account as to why average rates of unemployment vary
so widely from one advanced capitalist economy to another.

Clearly, one cannot hope to deal with these questions by the study
of the optimal search behavior of a single agent in the face of a given
probability distribution of wage offers. The issues are those of market
equilibrium and must be met in a theoretical context in which employ-
ment behavior and wages are simultaneously determined. As the
reader who proceeds into the body of this paper will discover, this
problem is more difficult than it sounds. Let us try to indicate why in
the remainder of this introduction.

In order for wage rates for a single type of labor to differ at a point
in time, labor must clearly be exchanged in spatlally distinct markets.
(Otherwise, wages would be bid into equality in a period much too
short to be of economic interest.) The distribution of wage rates gov-
erning the worker’s decision problem, referred to above, must then be
related to his knowledge of the likely outcome of searching over these
distinct markets. On the other hand, the distribution of wages over
markets will evidently be influenced by the mobility of labor suppliers.
In short, optimal labor supply behavior and the wage distribution on
which it is based must be simultaneously determined within a model
of market (as opposed to individual) behavior.

While quite analogous to the problem of using supply and demand
schedules to determine price and quantity in a single market, this
simultaneity problem is analytically more difficult for at least two
reasons. First, since movement in space takes time, labor market
search must be studied in a dynamic context. Second, the outcome of
the process at each point in time will be a probability distribution
rather than simply a number. The solution of the model will then be
a stochastic process.

The rest of this paper is devoted to the elaboration of a complete
“*search model’’ of this general type. To preserve simplicity, the treat-
ment will be abstract and illustrative. Discussion of the relationchip of
the theory to observed labor market behavior will be deferred to the
conclusion of the paper and will there be brief.
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2 Structure of the Model
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The economic interpretation of this assumption of rational expec-
tations Is that agents have operated for some ume in a situation like
the current one and have therefore built up experience about the
probability distributions which affect them. For this to have meaning.
these distributions must remain stable through time. Mathematically.
this means that we will be concerned only with srationary distributions
of demand and workforce and with behavior rules under these station-
ary distributions. Although sequences tending toward these stationary
distibutions will be utilized analvtically. these seem to have no coun-
terpart in observed behavior.

The task of the following sections may now be outlined In more
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detail. In the next section. we study the determination of equilibrium
employment and wages in a single market. with the expected return
to workers of leaving that market taken as a parameter. In Section 4.
the stationary joint distribution of demand and workforce in this mar-
ket is determined. In Section 3. we aggregate the workforce over
markets to obtain the total economy-wide workforce as a function of
the parametric expected return. This relationship serves as an aggre-
gate demand function for labor: mven a fxed total workforce. the
equilibrium expected return is then determined 1a the usual way. Fi-
nally. Section 6 discusses a certain kKind of stability possessed by this

equilibrium. and concluding remarks are given 1n Secuon

3 Equilibrium in a Single Market
In this section and the next. we study wage and employvment
mination in a single market. represenung the impact of th
gconomy on this market by certain giv

takes three forms: first. produc¢t deman

nously determined. stochastic manner: 3
offers alternative emplovment to workers: third. new workers amve
from the rest of the economy. augmenting the local work force. We
discuss each effect in turn.

The individual market behaves as 2 Marshallian industry. faced with
a demand function p = Dis. Q). where p 1s price. O is mdusiry output.
and s is a stochasuc shift variable. realized prior to trading. Output 18
supplied by m identical firms. each with the production function ¢~
depending on labor input only. The mdustry is competitive. 30 that
the profit fand present value) maximizing policy for firms is to hire

labor to the point at which the marginal value product of labor. pe (1.

equals the wage. When the product market is ¢leared. then. the func-
tion R(s. ) defined by

Ris. n) = D(s. metn)ie'(n)

gives the marginal value product of labor when demand 1s in stzie
and emplovment is #. Since R summarizes completely the demand
side of the labor market. we shall discard the functions D and « an

place restrictions directly on R. as follows.
The function R(s. n) is positive. differentiable. and bounded: its first
derivatives satisfy

R.s. n)> 0. Ru(s. n) < 0. (1)
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For each fixed n,

lim R(s,n) = 0. (2)
s—0

For each fixed w, 0 < w < R(s, 0), the function si(s. w) defined by R(s.
nis, w)) = w\satisﬁes

lim n(s,w) = n(w) < o=, (3)

The shift variable s follows a Markov process governed by
F(S'.. S) = PI‘{S,H = S, 'S( = S}.

For fixed s, F is a cumulative distribution function on s’ > 0, with the
continuous, strictly positive density f{s’, s). For fixed s’, F is a strictly
decreasing function of s on s > 0; further, if g is continuous,

lim | g(s")f(s',s)ds’ = limg(s), o '] (éi)

8§—0 §—0

and if g is also positive and nondecreasing,

lim | g(s")(s",s)ds’” < limg(s). (5)
The process defined by F is assumed to possess a unique stationary
distribution.”

The demand shifts s are assumed to be independent across markets,
and the number of markets is large.® Further, the total workforce of
the economy is fixed. In consequence, once the workforce has settled
down to a stationary distribution over markets, the expected present
value of job search is a constant, say A. In this section and the next,
we treat A as a given parameter; its equilibrium value will be deter-
mined in Section 5.

At the beginning of the period, each market has a fixed workforce,
v, which serves as an upper bound on current period employment in
that market. All currently employed workers remain into the next
period; currently unemployed workers leave. In addition, new workers
arrive in a stochastic fashion, the exact nature of which depends on
the search process which is assumed. In the present paper, we shall
impose a particular property on the outcome of this process, namely
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that unemployed workers are allocated over markets in such a way as
to equate to the opportunity cost A the expected return in each market
receiving workers. The precise arrival rate which will guarantee this
outcome will be specified below.’

To summarize, the state of a particular market is completely de-
scribed by its state of demand, s, its beginning of period workforce,
v, and the expected present value of search, A. Of these three varia-
bles, only s and v vary from market to market; accordingly, we use
(s. v) to index markets (referring, for example, to ““market (s. y)).
Then for market (s. v), we seek equilibrium values of wages and em-
ployment, w(s. v.A)and n(s. v. ). as functions of the state of the market.
An equilibrium must satisfy both the market clearing condition

w(s. v. A) = R(s. a(s. v, \)) (6)
and the labor supply constraint
nis. v.A) < v. (7)

Additional equilibrium conditions will be obtained by considering the
present value maximizing work-search decision made by workers.
To study this choice, let v(s, v, A) be the expected present value of
the wage stream for a worker who finds himself in (s, v) at the beginning
of the period. In general, v(s. v. A) will equal the current wage plus the
expected present value of the wage stream from next period on, dis-
counted to the present by a constant factor 8, 0 < 8 < 1. Formally,

v(s, v, A) = w(s, ¥y, A) + BE{e(s’, y', A}

where the expectation is taken with respect to the distribution (as yet
undetermined) of next period’s state, (s’. v') conditional on the infor-
mation currently available to workers: (s, v, A). The value of the terms
on the right will vary with (s. y): it is convenient to consider three
cases separately, as follows.

Case A. Some (or all) workers leave; some (or none) remain.
In this case, departing workers earn the expected return from
search. Remaining workers earn no less, since they have the option to

leave, and no more, since departing workers have the option to remain.
Thus

v(s, v, \) = A. (8a)
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Case B1. All workers remain: no additional workers arrive next
period.

In this case. current employment is the total workforce v and the
current wage is. from (6). R(s. v). Since the current workforce is main-
tained into the following period. next period’s state is (s'. v). with s’
given probabilistically by f(s'. s). Thus

s Y A) = R(s. ) = B [ els'o v AL s ds'. (8b1)

Case B2, All workers remain: some additional workers arrive next
period.

In this case. the arriving workers. in common with «// searchers,
have an expected present value (discounted to the present) of A. Thus,
for them and for the workers remaining in (s. v). BE{r(s". v'. M)} will
have the common value A. and

rls. VoA = Riso ) = AL (8b2)

Evidently. these three cases divide the positive quadrant of the (s.
v) plane into three mutually exclusive and exhaustive subsets.!?

Now comparing cases Bl and B2, we observe that if no new workers
are expected to arrive (case B1). it must be that expected rent in (s.
V) is nonpositive with a future workforce of v. or that Bfv(s". v. MAs'.

s)ds" = X. Thus. (8b1) and (8b2) may be combined as £y £dy >
C(s. v A) = R(s. ) = minfh. 8 [ e(v's v Afs . 9)dy']. © 8b)

Finally. comparing cases A and B. we observe that remaining work-
ers in either case have rejected the option to search. so that v(s. y.
A) = A. Thus. (8a) and (8b) may combine to vield a single functional
equation valid for all cases:

v(s. v. M) = max{A. R(s. v) + min[A. 8 [ v(s". y. A\Ys". 9)ds' I} (8)
The relevant facts about (8) are given in:

Proposition 1. Equation (8) has «a unique solution v(s. v. X). The
function v is continuous in (s. v. A, nondecreasing in s and X. non-
increasing in v, and satisfies

Cls. v A = (s v A < (BN — A (9)
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for anv kA, A,. For cach v, \,
lim v(s.v,A) = A, (10)
S0
and for s sufficiently large,
v(s. vo A) = R(s. /(1 — B). » (1

Proof. Let T,. an operator which maps bounded continuous functions
u« on (s, v) into the same space, be defined by

Tat(s. v) = max{x, R(s, v) + min[x, 8 [ u(s’, yYW(s', s)ds']}.

The operator T, is monotonic: « = v forall (s, v) implies T,u= T,v. For
any constant ¢ and function u, T(« + ¢) < T,u + Bc¢. By a slight modi-
fication of Theorem 5 of Blackwell [1], these two facts imply that T,
is a contraction mapping. Thus, Eq. (8), T,v = v, has a unique, contin-
uous solution and lim,_... T:u = v for any continuous .

If w(s, v) i1s increasing in s and decreasing in v, so is 7,u, using (1).
Hence, v = lim T}« is nondecreasing in s and nonincreasing in v.

Let A, > \,. Clearly, T,,v(s. v, Ay} = u(s, v, X,) for all (s, v). Since the
operator 7,, is monotonic, we have ' .
o(s, 3 A ) = lim T3 o(s.v.h) = o(s,3\,). = mas

-
Hence v is nondecreasing in A.

To verify (9), let A, > X, and define u(s. v) = v(s, v. Ay) + (A, — Ao)/B.
Then from the definitions of 7,, and v(s, v. A,), we have, since 8 < 1,

Thu(s.y) = sy, Ao) + Ay — Ay < uls, v). .

Then by the monotonicity of T,,, "* L' = " L.
v(s, v Ay = lim T3 us.y) < uls.y) = v(s,v.h0) + (A, — AW)/B.
H—x ’ |
= nanYy A, R4an M b

To prove (10), let v, = 0 and apply T, re;ﬁeatedly, using (2) and (4)
at each step.

To prove (11), let v, = 0 and apply T, repeatedly, using (5) at each
step.

This proves Proposition 1. maX[ Ry 2 ) ihs me
Q LI R V= = ; <
\/’ v/ v / }‘ " A f ! - m f "
\
g \\— Y = ey Y J 3\ + Mol )
S D Redo
= RG9) #min) b
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With the value function v determined, we return to the determination
of equilibrium employment and wages and of the equilibrium behavior
of new arrivals. To determine employment, let 72(s, A) be the employ-
ment that would occur in a market with demand s if the workforce
constraint were not present. Thus, 7 is the solution to

R(s, n(s, N\)) + min[x, B f o(s’, a(s, A), Mf(s’, s)ds'] = A.

Since R is positive, the solution cannot occur when the second term
on the left is A, so we may simplify to

R(s, a(s. N) + B f v(s’, als, M), MAs', $)ds’ = \. (12)
Then, clearly, equilibrium employment is

n(s, v, A) = min[a(s, \), vl, £ vz (13)
and equilibrium wages are found using (6). We summarize in

Proposition 2.  For each fixed (s, v, \), there exist unique equilibrium
emplovment and wage functions n(s, v, \) and w(s, v, \) defined
implicitly by (6), (8), (12), and (13). These functions are continuous in
(s, v, N\) and satisfyv the monotonicity properties'!

n, = 0, s =0, n< 0, (14)
w, = 0, w,, =0, wy = 0. (15)
Also, for each fixed (v, \),

lim n(s.v,A) =0 - % (16)
$—0 B ) x

and . '

lim a(s, y. A) = min{n(\), v], (17)

S§—x
where 1(N) is a finite bound, varyving with X.

The proof of Proposition 2 is facilitated by reference to Fig. 1, which
exhibits the left side of (12) as a function of n.

By (1) and Proposition |, the curves in Fig. | are negatively sloped
and shift to the right as s increases. As A increases, these curves shift
upward by Proposition 1 but, from (9), by an amount less than the

+
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Risg.n) + B [vis', n, NFs', sq) ds’

Rlsy,m) + 8] vis', n, Mf(s',s1)ds'

$17 %0

|
| |

|
| |
| |
| |
|

I
' I
| |
| ]

nlsq, \) nisy, A n

Figure 1

increase in A. Then, using (13), (14) is proved; (15) follows from (14)
and (6). 2

Applying (2), (4), and (10), (16) is proved.

Applying (3), (5), and (11), (17) is proved. NG

The results of this section may be illustrated on a’ conventlonal
supply—demand diagram for labor. The demand curve is simply the
marginal productivity condition (6), which shifts with the state of
product demand, s. The curve SS is the relation between n and w
implicit in (6) and (12): it is the locus of the wage—employment pairs
which would be traced out as demand shifts if the workforce v did not
constrain employment. The boldface curve is then the labor supply
curve associated with the workforce v. The curve SS shifts up with
increases in opportunity cost A.

We remark that SS will not be flat, as would be the case if workers
held a fixed ‘‘reservation wage’’ above which they accept employment
and below which they do not. The reason this does not occur lies in
the fact that as demand varies, wage and price changes convey infor-
mation about future wage prospects as well as current earnings. Thus,
as demand shifts to the left and employment declines, future prospects
in (s, y) are affected in two ways: first, lower demand this period
increases the probability of a low demand next period as well; second,
lower employment this period implies a lower workforce next period.
These effects work in opposite directions, which is to say that on any
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Figure 2

interval, the curve SS may be either upward sloping (as drawn in Fig.
2) or downward sloping.

4 The Equilibrium Distribution of the Workforce

Implicit in the above discussion of equilibrium employment in a single
market is the stochastic law relating a market's next period workforce
to its current period demand and workforce, (s, v). In the present
section, we make this law explicit, then develop its implications for
the stationary joint distribution of demand and workforce.

In the preceding section, we postulated that all unemployed workers
move toward markets with nonnegative expected rents. From the
discussion of cases Bl and B2 above, it is clear that a market will
attract new workers only if n(s, v. A) = v and

B vis', v, N, syds = \. (18)

If searchers were perfectly directed toward markets, each market
satisfying (18) would receive exactly the arrivais « such that vy + «
would satisfy (18) with equality. Equation (8) remains valid, however,
under the somewhat weaker requirement that the search process elim-
inate rents on average. Specifically, let x be a positive random variable
with the strictly positive density ¢, ¢.d.f. &, and mean 1. We assume
that each market (s, v) satisfying (18) receives a(s. y. A)x new workers,
where the function a(s, v. A) is defined implicitly by

B v’y + als. v, Mx. Mf(s', s)d(x)ds" dx = A (19)
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if (s. v, A\) satisfies (18), and
als, v, A) =0 (19a)

otherwise.!?

The possible transitions from (s, y) are illustrated in Fig. 3. If (s, y)
is in region I, current employment and next period’s workforce is n(s,
A), and v — n(s, A\) workers enter the unemployed pool. Markets in
region Il neither contribute to nor receive from the unemployment
pool, maintaining their current workforce into the next period. Markets
in region III employ all their workforce and receive new workers for
next period, as specified by (19).

Analytically, the transitions from (s, v) are described by!?

Pr{sii < s v S V' |sc =5,y =¥}
= F(s', s)Pri{n(s, v, N) + a(s, v, \) x < v'}

= Fis'd ( a(s, v. \) ’

These transition probabilities define an operator P on distribution
functions W(s, v) as follows: Suppose that at a point in time, demand
and workforce are distributed according to the c.d.f. ¥; then the
demand-workforce distribution next period is

= n(s,y.\)

o= (g b}
PY(s',y") fj F(s',s)d ( aG. v N ) W(ds, dv). (20)

We wish to show that the (s, ¥) process has a unique stationary dis-
tribution, or to prove

Y4
n(A) =
y =n(s, A)
Bfvls', v, NFls', s)ds" =
III
o \7 5
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Proposition 3. With P defined by (}(), PV =WV has a unique solution
V* (for each fixed N\) and lim,_.. PV = V* for all V. Further, V*
possesses a continuous density ¢* which is strictly positive on (s > 0,
y = 0).

The proof of Proposition 3 follows the treatment of Feller [3, pp.
264-268| or Doob [2, pp. 190-221]. The essential elements are the
proofs of

Lemma 1. For any initial distribution V, the sequence {P"WV} is sto-
chastically bounded.

and

Lemma 2. For any nondegenerate rectangle R in (s > 0, v = 0) and
any initial distzibution ¥V, there is some m such that for all n > m, the
distribution P"WV assigns positive probability to R.

The second of these two lemmas specifies that the entire set (s > 0,
v > 0)is the ergodic set and contains no cyclically moving subsets: the
first assures that most of the probability remains concentrated on a
bounded subset of (s > 0, y = 0). Together, these facts imply Propo-
sition 3.

Proof of Lemma 1. For probabilities assigned by P"V, we use the
notation Pr{(s,, v,) € A}. For arbitrary e > 0 and initial distribution ¥,
we wish to find (5, ¥) such that

PSS, V) =Pr{s, <5, v, s¥vV=1—-¢€

uniformly in #. Evidently, it will be sufficient to venfy this inequality
for n = m for some m. - :

We have i -
PI'{S,, = s, Yo S .;} =1- PI'{S,, = ;} - Pr{."n = .‘—}

Since {s,} has a stationary distribution, s may be chosen so that Pr{s, =
s} < €/2 for n sufficiently large. Let n(A\) be the employment bound

referred to in (17), Proposition 2. Chgose vsothat 4l7 7 )
ot X
Pr{\ (v — n\)/a(s, 0 MNp=1— (I)[(V — AAN/a(s, 0, M)] = €/2.

Then since a(s. ¥, \) is 1ncreasmg in s and decreasing in y.

Pr{v, = ¥} < Pr{n(\) + a(s5, 0, A\)x = ¥} < €/2.
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This completes the proof of Lemma 1.

Proof of Lemma 2. We shall show that if the distribution is initially
concentrated onanarbitrary point (sy. v,),thenPr{s<s,<5s.y<y, <y} >
0 for all n = 3, provided s < 5 and y < ¥. -

Let v satisfy 8 [ v(s’. v, M)f(s’. s)ds’ = X (so that (s, ¥) is on the lower
curve in Fig. 3), and let § satisfy ¥ = 721(5, A) (so that (5, ¥) is on the upper
curve of Fig. 3). Then since f(s’. s) is strictly positive,

Prin(s;, yv) = ¥, si <35 ‘ (59 yo)} > 0
for any (s, v,), and, therefore,
Priv, < v, s < 5, < 5} > 0.

Then since ¢(x) is strictly positive,
Priv<y, <y, s<s;,<5}>0.

Evidently, the passage thus described may occur in any number of
steps greater than three, so the proof is complete.

For each fixed A, then, the (s, ¥) process has a unique stationary
distribution, described by its ¢.d.f. W(s, v, A) or its density (s, v, A). In
the remainder of this section, we study the behavior of mean values
of functions of (s. y) taken with respect to W as the parameter A varies.
The result of this examination is

Proposition 4. Let yi(s, v, \) be the stationary density found in Prop-
osition 3, and let g(s, v) be continuous, Then if the integral

h\) = [] g(s. yWi(s, v, N)dsdy
exists, it is a continuous function of \.

The proof begins with the observation that one can always select a
closed rectangle R, with the complement R containing the (s, v) pairs
with either very small or very large s-values, such that

ISilgts, ¥)

for any Ay, A; and & > 0. We shall be concerned, then, only with
showing that the above integral taken over R tends to zero with [\, —
Nol. We do so with heavy reliance on Fig. 3.

As A increases (say from A, to \,), the curves in Fig. 3 both shift

I‘I’(ss Yo A — U(s, y, )\o)lds dy =6
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down (by Propositions 1 and 2). This implies that d(s, v, A,) lies every-
where (on the y-axis) to the left of W(s. v, A,). (That is, high A values
are associated with low workforce levels.) Now since the functions
a(s. A) and v(s, v. A) are continuous, there is a maximum absolute
vertical shift, c(A,, A;), of the two curves on R. Further, ¢ tends to
zero with A, — A,.

By the argument used to prove Proposition 3, one can find the c.d.f.
W(s, v, Ay, ¢) implied by a constant shift of ¢ in both curves of Fig. 3.
Evidently, this c.d.f. lies everywhere to the left of W(s, v, A,), so that
the horizontal distance between W(s. v, \,) and W(s. v. A,) is bounded
from above by the horizontal distance between W(s. v. Ay, ¢) and W(s,
VoA ButW(s, v, A, ) = W(s, v — ¢, \y), so this latter distance is simply
¢, which tends to zero with A, — A,.

Since ¥ possesses a continuous density, this continuity property is
sufficient to guarantee the continuity of /i1(\).

5 Economy-Wide Equilibrium

Propositions 1-4 describe the determination of the stationary distri-
butions of employment, workforce, and wages in a representative
market, with the expected return from search, A, treated as a given
parameter. From an economy-wide viewpoint, however, it is the size
of the workforce which is fixed and the “‘price’” A which adjusts to
clear the market.

For given A, the system described above would behave. in the
aggregate, as an occupation with a membership elastically supplied at
the expected present value A. The distributicn of the workforce over
locations (indexed by (s. v)) would in this case be the same as the
stationary distribution of (s. v) in any one market. (This follows from
our assumptions that the number of markets is large and that demand
shifts are independent across markets.) Ther the total workforce de-
manded (per market) in this occupation, at the return A, is

ST vW(s. v. M) ds dy. (21)

For each fixed A, the integral (21) converges in view of the facts that
employment is bounded for each fixed A (Eq. (17), Proposition 2). that
a(s. ¥, A) is bounded, and that the random variable x has a finite mean.
By Proposition 4, the expression (21) is a continuous function of A. As
observed in Section 4, increases in A shift the distribution function W (s,
v. A) to the left (along the v-axis), so that (21) is a decreasing function
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of A\. As A — 0, E(v: A\) — = since R is a positive strictly decreasing
function of n; as A — =, E(v: \) — 0. The demand function is thus as
shown in Fig. 4.

Now let u denote the fixed workforce per market supplied. This
vertical supply function together with the demand function just ob-
tained gives the equilibrium A: the solution to

I yW(s. v. N dsdy = . (22)
We summarize in

Proposition 5. For all values of workforce-per-market w, there is a
unique positive equilibrium value of \.

Thus, Propositions 1-3 and 5 provide a full description of the equi-
librium determination of wages, employment, and workforce in all
markets of the economy.'* By Proposition 3, there will always be
some markets in region I of Fig. 3, where the workforce v exceeds
the equilibrium employment level 7i(s, A). This means that labor market
equilibrium necessarily involves positive unemployment.

Numerical calculations of the equilibrium pictured in Fig. 4 are
provided in the appendix to this paper.

6 Stability of Equilibrium

The equilibrium obtained for this model economy provides a complete
description of the time paths of all variables involved, both at an
aggregate and the individual market level. Since provision of such a

A

Ely) = [fyls, v. N ds dy

K Ely)

Figure 4
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description is frequently thought to be the task of ‘‘stability theory”
(in the sense of, for example, Samuelson [12]), one may ask whether
the latter theory has any applicability to the present model. The an-
swer, we think, is “‘yes,”” provided one raises the stability question in
its most fundamental sense of determining whether if an equilibrium
approximately describes the economy at a point in time, it will con-
tinue to do so in the future.

In the present context, this approximation question is particularly
pertinent, since we have provided no account as to how workers arrive
at the state of perfect knowledge of the probability distributions rele-
vant to their decision problem. Ultimately, this is a question for psy-
chological rather than economic theory, so we do not apologize for
framing it here in ad hoc ‘‘adaptive’ terms.

The distributions F and & refer to variables exogenous to the mar-
kets under study; presumably, they are learned by processing observed
frequencies in some sensible fashion, ‘*Bayesian’’ or otherwise, which
has the property that the ‘‘true’’ distributions become ‘‘known’’ after
enough time has passed. The distribution W(s, v, A), on the other hand,
depends on the behavior of workers, so that as worker perceptions
change, so does the “‘true’” V¥ which is being learned. This could, in
general, raise insuperable analytical difficulties, but in the present
context it does not, since the only feature of ¥ which is relevant to
worker decisions is the parameter A. We must describe, then, how the
economy operates when the A perceived by workers differs from the
equilibrium value A* (say) and how, under this circumstance, percep-
tions are revised.

For specificity, suppose A > A*. Then the number of workers en-
tering the pool exceeds the number which can be reassigned at an
average return of A. One could modify the reallocation mechanism in
many ways, but suppose in particular that the mean of the random
variable x varies so as to equate the total number of workers reallo-
cated to the size of the pool. Then both searchers and workers who
remain on the job will be disappointed (on average) in their wage
expectations. Presumably, this will lead them to revise their perceived
A downward, slowly relative to the passage of trading time 7. Thus,
we assume

dNldt = g(A — \7),

where ¢ is a decreasing function vanishing at zero. Clearly (from Fig.
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4), the equilibrium is stable. Equally clearly, this stability result can
have no relevance to the dynamic response to regularly recurring
shocks.!'*

7 Concluding Remarks

Although there are (by assumption) no aggregate dynamics in the
model developed above, it should be obvious that the mechanism we
have described is consistent with the now familiar account of the
observed Phillips curve in terms of expectations. Thus, an unantici-
pated change in aggregate demand (a change in E(s'|s)) will move
unemployment and wage changes in opposite directions. Of course, if
aggregate demand changes were a recurrent event, as they are in
reality, this fact would become incorporated into the maximum prob-
lem facing workers and would result in different equilibrium functions
w(s, v) and n(s. v). We leave this nontrivial development for future
research.

The implications one can draw from the model as it stands are of a
comparative static nature, both positive and normative. As an example
of the former, suppose a lump-sum cost is imposed on leaving one’s
market to search, so that the right side of (12) becomes A — ¢ rather
than simply A. This will raise the curve y = n(s. A) in Fig. 3 and shift
the “*demand curve’’ in Fig. 4 downward. The result is a decrease in
unemployment and a decrease in the equilibrium present value of
wages, A. (This example also shows that lower average unemployment
is not, in general, associated with higher welfare for workers.) It may
well be, though one could hardly demonstrate it at this level of ab-
straction, that differences of this sort in the actual or perceived costs
of changing jobs can help to account for the observed differences in
average unemployment across occupations and among countries.

We can also examine Tobin’s normative concern [14, p. 8] that “‘the
external effects [of search] are the familiar ones of congestion theory.
A worker deciding to join a queue or to stay in one considers the
probabilities of getting a job, but not the effects of his decision on the
probabilities that others face.”” Now one could add congestion in the
usual sense to the search model we have developed (say, by assuming
that searching workers travel on a congested route).!'® But it should
be clear that congestion of this sort is not a necessary component of
an equilibrium search model. In our scheme, the injury a searching
worker imposes on his fellows is of exactly the same type as the injury
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a seller of any good imposes on his fellow sellers: the equilibrium
expected return A from job search serves the function of any other
equilibrium price of signalling to suppliers the correct social return
from an additional unit supplied.

The question of whether there exist important external effects in
actual labor markets remains, of course, to be settled. However this
may turn out, it is surely a major advance even to be discussing
unemployment from the point of view of the usual (in better developed
areas of economics) standard of allocative efficiency. Our intention in
this paper has been to indicate the general kind of framework within
which such discussions can be conducted and to begin to develop
suitable analytical methods.

Appendix: Examples

Several examples were analyzed numerically to determine the work-
force demand and unemployment rate as a function of the market
parameter A. In order to compute these solutions, it was necessary to
assume a finite number of market demand states and to permit only
integer values for the workforce. In addition, we assumed that x had
a degenerate distribution concentrated at one.

The method of solution used the T, operator, defined in Section 3,
to determine the value function v(s, v, A\). The initial approximation
was vy(s, v, A) = A. The nth approximation v,(s, v, A\) was T v, (s, v.
N). With the assumed discount factor 8 = 0.9, the convergence to v(s.
v, A), the unique fixed point of T,, was rapid. Equation (12) was then
solved to determine n(s, A), and Egs. (19) and (19a) were used to
determine a(s. v. A). Next period’s workforce, given v = 1, will be

v = minla(s, A), v] + a(s, v, \). (23)

The workforce will be bounded, which along with the previous as-
sumptions implies a finite number of possible market states (s, v). Thus,
the stochastic process for a market is a finite-state Markov chain with
some transition probability matrix, say, P. This matrix whose ijth
element specifies the probability that state j will occur next period
given current state / is determined by (23) and the transition probability
matrix of the s-process.

Let « be a function (represented by a vector) defined on the possible
market states. Using the analysis of Feller [3, pp. 264-268], the ex-
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pected value of « with respect to the stationary distribution implied
by P can be determined by computing

lim P"u.

"o

The limiting vector has elements all of which are equal to the expected
value of «. This was the procedure we used to compute

N ovi(s, v N):

Sy

the average workforce per market, and

N oals, oA (s, VLN,
Sa 4
the average unemployment per market.!”

Two of the examples considered had the marginal revenue schedules
depicted in Fig. 5. There are but two demand states: s = 1 or s = 2.
The transition probability matrix for the s process was

[.9 .l]

40907

so there was a strong persistence in demand. The discount factor 3
was 0.9.

As the theory predicts, the labor demand curve, pictured in Fig. 5,
is downward sloping. On the other hand, the unemployment level,
also pictured in Fig. 5, is not monotonic, having maxima. Overall, we
found for low and high persistence in demand that unemployment rates
were low. In the former case, there was little gained by reallocating
workers, while in the latter reallocation occurred infrequently. As
expected, the greater the variability of demand, holding the degree of
persistence fixed, the greater the level of unemployment. This result

is reasonable for more workers should be reallocated when demand
conditions change.

Notes

1. A number of these are collected in Phelps ¢r al. [10]. The central ideas can
be traced at least back to Hicks [5].
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2. For example, the Mortensen and Gordon-Hynes chapters of [10], McCall
[8], and Stigler [13]. It is perhaps necessary to emphasize that the class of
models in which active job search is the only alternative to work by no means
exhausts the class of models in which unemployment is viewed as a “‘rational”
choice.

3. In addition to the above references, see Friedman [4].

4. Lucas [7] provides an equilibrium in which employment fluctuates with
aggregate demand. In this model, however, “‘unemployment’’ as an activity
is not differentiated from “‘leisure’” or other nonwork alternatives.

5. See Phelps’ introductory chapter in [10] for the description of the “‘island
economy’’ which is the direct ancestor of the present model.

6. In the sense of Lucas and Prescott [6] and Muth [9].

7. For an example of a Markov process satisfying all these restrictions, in-
cluding (4) and (5), let (¢,) be a sequence of independent, normal variates, let
0 < r <1, and let s, follow

In(s,oy) = a + rin(s,) + €,.

8. By large, we mean either a continuum of markets or a countable infinity.
Economically, then, the assumption of independent demand shifts means that
aggregate demand is taken to be constant through time.

9. In Eq. (19).

10. See Fig. 3 (which we do not at this point in the argument have enough
information to draw) for this partitioning of the positive quadrant.

11. We use the usual notation for partial derivatives, recognizing that the
monotonicity properties only imply that they exist almost everywhere.

12. The arbitrariness in the search hypothesis (19) seems unavoidable, at least
in the absence of a physically described process of search (e.g., the hypothesis
that searchers follow a random walk over markets viewed as points in the
plane). Our own attempts to formulate processes of the latter type have rapidly
led to a complexity uncompensated by additional economic insight.

The hypothesis (19) seems roughly to capture the following sort of process.
Unemployed workers are informed (by advertising, word of mouth, etc.) of
which markets need workers (are in region 111 of Fig. 3) and in which of these
demand is greatest. All workers move toward a market in this class. Since the
search is not coordinated, there is a stochastic element in the relationship
between the actual ‘‘shortage’ and arrivals of new workers.

13. We use the convention that when a(s.v.A) = 0, division of a positive
(negative) number by a(s,v.\) yields + (—)x. A c.d.f. evaluated at +x is 1;
evaluated at —=, it is 0.

14. Since the content of this paper consists as much in motivating and ex-
plaining a particular definition of equilibrium as in analyzing this equilibrium,
we have intermingled definitions and results in a way which may be difficult
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for readers to disentangle. A different procedure would be to begin with the
following (abbreviated)

Definition. An equilibrium for the economy under study consists of a 5-
tuple of nonnegative, continuous functions n(s.y), 7n(s.v), w(s.,v), v(s.v), and
a(s.v), a c.d.f. ¥(s,v), and a nonnegative number A such that (6), (8), (12),
(13), (19), (20), and (22) are satisfied.

The content of Propositions 1-3 and S, then, is that a unique equilibrium in
the sense of the definition exists. Of course, these propositions also contain
information useful in characterizing this equilibrium.

15. For reasons developed by Gordon and Hynes in [10].

16. Phelps [11. Chapter 4, pp. 103-105] also discusses congestion problems,
but in a way which makes it clear that these problems arise under nonwage
rationing of jobs (i.e., under disequilibrium prices) as opposed to being exter-
nalities in the usual equilibrium sense.

17. The computer program used for these calculations is available upon
request.
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An Equilibrium Model
of the Business Cycle

This paper develops a theoretical example of a business cycle, that is,
a model economy in which real output undergoes serially correlated
movements about trend which are not explainable by movements in
the availability of factors of production. The mechanism generating
these movements involves unsystematic monetary-fiscal shocks, the
effects of which are distributed through time due to information lags
and an accelerator effect. Associated with these output movements
are procyclical movements in prices, procyclical movements in the
share of output devoted to investment, and, in a somewhat limited
sense, procyclical movements in nominal rates of interest.

1 Introduction

This paper develops an exploratory business cycle theory in which
unsystematic monetary shocks and an accelerator effect interact to
generate serially correlated, “‘cyclical’”” movements in real output.
Associated with these output movements are procyclical movements
in prices, in the ratio of investment to output, and, in a rather special
sense, in nominal interest rates. In contrast to conventional macro-
economic models, the model studied below has three distinguishing
characteristics: prices and quantities at each point in time are deter-
mined in competitive equilibrium; the expectations of agents are ra-
tional, given the information available to them: information is

Reprinted from Journal of Political Economy 83 (December 1979):1,113-1,144 by
permission of The University of Chicago Press. Copyright 1975 by The University
of Chicago Press.

| would like to thank Robert Barro, Fischer Black, Edward Prescott, and Thomas
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imperfect, not only in the sense that the future is unknown, but also
in the sense that no agent is perfectly informed as to the current state
of the economy.

The attempt to discover a competitive equilibrium account of the
business cycle may appear merely eccentric or, at best, an aestheti-
cally motivated theoretical exercise. On the contrary, it is in fact
motivated entirely by practical considerations. The problem of quan-
titatively assessing hypothetical countercyclical policies (say, a mon-
etary growth rule or a fiscal stabilizer) involves imagining how agents
will behave in a situation which has never been observed. To do this
successfully, one must have some understanding of the way agents’
decisions have been made in the past and some method of determining
how these decisions would be altered by the hypothetical change in
policy. Insofar as our descriptions of past behavior rely on arbitrary
mechanical rules of thumb, adjustment rules, illusions, and unspecified
institutional barriers, this task will be made difficult, or impossible.
Who knows how ‘‘illusions’ will be affected by an investment tax
credit?!

In all of the models discussed in the paper, real output fluctuations
are triggered by unanticipated monetary-fiscal shocks. The first theo-
retical task—indeed, the central theoretical problem of macroeco-
nomics—is to find an analytical context in which this can occur and
which does not at the same time imply the existence of persistent,
recurrent, unexploited profit opportunities. Section 2 develops a neo-
classical monetary growth model, with the aim of illustrating why this
problem cannot be resolved within the class of aggregative models
which view trade as taking place each period in a single, centralized
market. This abstract environment, while analytically convenient,
places too much information at the disposal of traders for cyclical
behavior to be consistent with rationality.

In sections 3-S5, this model is modified by vicwing production and
trade as occurring in a large number of markets which are imperfectly
linked both physically and informationally. This is the analytical de-
vice first proposed by Phelps (1969) and since utilized by myself (1972,
1973), Lucas and Prescott (1974), and Barro (1975). As shown in Lucas
(1972), this modification of the information structure of an otherwise
neoclassical system leads to a real response to a purely nominal
disturbance.
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In Lucas (1972), and also in Sargent (1973h) and Sargent and Wallace
(1973), however, these real movements are of no longer duration than
the duration of the shock: no forces are present to account for the
persistence or cumulation of the effects of the initial disturbance. In
the present study, two such forces are introduced: information lags,
such as to prevent even relevant past variables from becoming per-
fectly known, and physical capital, introducing a form of the familiar
accelerator effect.

In the model set out in sections 3-5, agents’ behavior is described
by a pair of asset demand functions relating decisions to expected
yields. That is, the link between tastes, technology. and demand be-
havior is not made explicit. On the other hand, the inference problem
solved by agents to relate available information to expected yields is
developed in some detail in section 6.

Sections 7-9 develop certain conditions which an equilibrium solu-
tion must satisfy. The main novelty lies in the explication of the
theoretical links between “‘structural’” and ‘‘reduced-form’ parame-
ters implied by the rationality of agents’ expectations formation: the
“reduced form’' depends on the “‘structure’” for the usual reasons:
and the “‘reduced form™ determines the stochastic behavior of prices,
and therefore affects the form of optimal forecast rules, and therefore
the *‘structural equations’ (decision rules).

Sections 10-12 describe the nature of the “*cycle’” produced by the
model under three sets of assumptions on the parameters of the model.
Section 10 exhibits the model of section 2 as a special case. Section
11 develops a purely monetary cycle in which capital plays no role.
Section 12 describes a ‘‘monetary over-investment’’ cycle.? It is the
latter version which exhibits the qualitative characteristics cited in the
first paragraph of this Introduction.

The cycles of sections 11 and 12 occur in a setting which abstracts
from the existence of economy-wide securities markets. In view of the
importance placed in the model on the partial nature of the information
conveyed by the “‘local’” prices at which agents trade, this abstraction
may well be crucial. The informational role of economy-wide interest
rates is briefly, if inconclusively, discussed in section 13.

Sections 14 and 15 discuss, briefly, some issues of testing and policy
implications. Section 16 concludes the paper.
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2 A Neoclassical Monetary Growth Model

Though the main concern of this paper is with oscillations of ouput
and prices about a trend path, it will be useful to begin on more
familiar ground with the discussion of a fairly standard, undisturbed
neoclassical growth model. This will permit the fixing of notation and
the early disposal of certain side issues.

Consider, to be specific, an economy producing a single output to
be divided among private consumption, C,, real government consump-
tion, G,, and next period’s capital. K,,,. The production function is f,
and

C+ G+ Ky :f(Ku Ny + (1 = d)K, (D

holds where N, is employment. The function f has the usual monoto-
nicity and curvature properties and is homogeneous of degree 1: 5 is
a depreciation rate.

There is a constant population of identical households which own
all the factors of production. Labor is hired by firms at the wage W,:
capital is rented at U,: and output is sold (to households and govern-
ment) at P,. All three markets are competitive. Firms maximize cur-
rent-period profit, so that in equilibrium

Ny <Y
Je(K( N, = P, (2)
NP/

SMKLN) = P, (3)

Households supply labor inelastically in quantity N, which fact, in
conjunction with (2) and (3), determines equilibrium output, real wage,
and real rental price, each as a function of K,. In addition to owning
the capital stock, households also hold a stock, M,, of money balances
and select an end-of-period balance, M,,,.* Their budget constraint,
given factor market equilibrium, is then

P(C, + Kipy) + My < PAK,, N) + P(1 — 8)K, + M,. (4)

The objective of the household is to maximize a subjectively dis-
counted sum of current period utilities, where the latter depend on
consumption and current holdings of real balances, M,.,/P,.

The model is completed by the specification of fiscal and money
supply behavior. Let all of government consumption be financed by
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a monetary expansion at a constant, given rate u. Then G, is given
implicitly by

P,(;’ = Alif[ - M[ = /.L/t'[[. (5)

The dynamic behavior of the system will be determined once the
demand on the part of households for the two forms of asset accu-
mulation is specified. The most satisfactory way to do this, from some
points of view, is to make explicit the household’s preference func-
tional and then to derive asset demands from households’ infinite
period maximum problem. An alternative route, taken here so as to
set the stage for subsequent sections, is to postulate these demands
directly.? Thus, let the demand for capital, K,,,, depend on the ex-
pected one-period rates of return on capital and money, r,, and r,,,
and the initial state of the household, K, and M,/P,. The demand for
money will depend on the same four variables. Given asset demands,
consumption is implicit from (4).

Again with an eye toward later developments, both relationships are
assumed to be log linear. For the log of a variable, use the correspond-
ing lowercase letter, so that k&, means the log of capital, and so forth.
Then the second equality in (5) becomes [since log(l + w) = u]

My, — m, = . (6)
The two demand functions for assets are postulated as

ko1 = g + oyl — by + aghy, (7)

My = pe=Bo — Birw + Borme + Bski. ®)

The elasticities «,, «,, a3 and B,, 8., B3 are assumed to be positive:
a; > ay: 3, > B; and a; and B, are less than unity. For completeness,
the log of beginning-of-period real balances, 1, — p,, should also appear
on the right sides of (7) and (8) (since they figure in the budget con-
straint [4]). Here and in subsequent sections I shall neglect this “‘real
balance effect’” in order to focus on the effects of monetary changes
on the two yields, r,, and r,,.?

The real one-period rate of return on capital is next period’s real
rental price, (K., N), less the depreciation rate. Approximating this
by a linear function of the log of capital gives

Fre = 0o — 81kis1,s 8, > 0. 9)
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The rate of return on money is the percentage rate of deflation:
Foii = Pt = Pr+1- (10)

Since both of these rates of return depend on the values of future
variables, both are ‘‘expectations’” at the time they affect the decisions
of traders. In the present context of certainty, it is natural to take
these expectations to be correct (or rational). This assumption closes
the system (6)—(10).

Substituting (6), (9), and (10) into (7) and (8), one obtains a pair of
first-order difference equations in capital and real balances. The usual
practice is to obtain the general solution to this system and then apply
the boundary conditions that capital equal its historically given initial
value and that real balances remain bounded and bounded away from
zero as ! tends to infinity. A slightly different method is adopted here,
one which turns out to be more convenient when uncertainty is
introduced.

Given the structure of the economy (the parameters «;, 8;, 8;, and
w), the pair (k. m,) describes completely the stare of the system at the
beginning of period . This leads naturally to defining a solution to be
a set of functions relating equilibrium decisions and price to these two
state variables. Since the system is linear, it is natural to conjecture
the existence of solution functions of the form

Koy = o + Tok, + mamy, (11)
P = Mo + Tk + m0m,. (12)
Then solving means finding numbers =, . . . , 7, such that (6)-(12)

hold identically in (k,, nt,).

Substituting from (6) and (9)—(12) into (7) and (8) yields the required
identities in (k,. m,); equating the coefficients yields six equations in the
unknown 7 ;;s:

T = @ + @8y — ;0,7 g + QT Ty + T, (13)

T = — a0,y — aymy(l — 7)) + a, (14)

Ty = — a0,y T QT Ty, (15)
mo— 7y = By — Bidy + Bid1mi0 — BaTu T — BT, (16)
= 7y = Bi6my + Boma(l — ) + B, (17)

I — 7y = B0 — BTy (18)
Equations (14) and (17) involve only 7,, and m,,; their solution is

diagrammed in Appendix A. As seen in figure Al, there are two
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solution pairs. One pair, with 7, > | and 7,, > 0, has no economic
significance and will be discarded.® The other is the desired solution;
it satisfies

Ay B
1+ a8,
7721 h 0. (20)

Ty < 1, (19)

Inspection of (15) and (18) shows that one solution is

T — 0, (21)
Moy = l. (22)

Since 7., < 0, there is no solution other than this classical one. Finally,
the constants 7,, and ., are readily calculated from (13) and (16).

With these solution values, equation (11) is a stable first-order dif-
ference equation in capital stock. Capital tends monotonically to its
stationary value, 7,,/(1 — ;). The behavior of prices is given by (12),
given the paths of capital and money.

Note first the sense in which money is ‘‘neutral’’ in this system.
From (21) and (22), a once-and-for-all change in the /evel of money
balances leads to a proportional change in the price level in the current
and all future periods. There are no real effects. On the other hand,
it is evident from (13) that changes in the rate of increase of money,
w, will have real consequences: the higher wu is the larger 7, 1s and
hence the larger capital is all along its time path and at its stationary
point. As Tobin (1965) and others have noted, this effect ‘“works"”
through the real yield on money, which is, from (10) and (12),

P = (ke — ki) — M

or, in the stationary state, simply the negative of the rate of monetary
expansion.’

Note, second, the peripheral role played by the *‘flow variables —
output, private and government consumption, and employment—in
determining the dynamic behavior of the system. The model is ana-
lyzed by first reducing it to the equations describing the motion of
assets and their prices, solving these, and then returning to the deter-
mination of flow equilibrium. This characteristic, long familiar in more
abstract theory, will carry over into subsequent sections. As a result,
I will be discussing business cycles with scarcely a reference to such
key magnitudes as employment, consumption, government spending,



186 Model of the
Business Cycle

and real output. This may give an unfamiliar tone to much of what
follows, but the translation back into the standard vocabulary is, |
think, a straightforward exercise.

In particular, the reader may verify that the introduction of a taste
for leisure and, consequently, a variable labor supply into the model
of this section is easy to carry out, with no effect on the form of (7)
and (8). This modification is obviously essential for business cycle
theory and will be taken for granted below.

Finally, and in sharp contrast to traditional macroeconomic models,
the solution found above remains valid under very wide variations in
what is assumed about the behavior of money. To take one example,
suppose m,,; — m, is a sequence of independent, normal variates, each
with mean p and variance o*. If (9) and (10) are reinterpreted as
expected rates of return, conditional on information available up
through ¢, then (11) and (12) remain a solution, with the same coeffi-
cients 7; as found above. In view of the emphasis often put on the
distinction between anticipated and unanticipated monetary changes,
this fact may seem paradoxical. It results from the fact that in a
competitive market the current price is part of traders’ information
sets. Thus, a trader who knows the coefficients of (12) and the current
real capital A, knows m, prior to committing himself, regardless of
whether it i1s announced or not, or anticipated or not.

3 A Cycle Model: Introduction

The above discussion of a monetary growth model concluded with the
observation that merely introducing “‘noise’’ into monetary policy was
not sufficient to induce the sort of responses in real and nominal
variables which occur during the observed business cycle. The prob-
lem is that in an economy in which all trading occurs in a single
competitive market, there is “"too much’ information in the hands of
traders for them ever to be ““fooled” into altering real decision
variables.

To get away from this analytical difficulty, but not so far away as
to preclude a simple description of aggregate behavior, I shall adopt
the device proposed by Phelps (1969) and, since utilized in similar
contexts by Lucas (1972, 1973) and Lucas and Prescott (1974), of
thinking of trading as occurring in distinct markets, or ““islands.”” Such
a system is described in this section and analyzed in the remainder of
the paper.
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At the beginning of a period, traders are distributed in some way
over a continuum of markets. Each market has capital in place, as
determined by the preceding period’s trading. There is a stock of
money in the hands of traders: in addition, government purchases
introduce new money in a way which varies stochastically from market
to market and period to period. Within each market, production, ex-
change, and asset accumulation take place exactly as described in the
preceding section, with the sole difference being that the two vyields,
rw and r,,, are conditional expectations rather than known numbers.
Once trading is complete, agents select a new market at random, new
monetary shocks are realized, and the process continues.®

Capital accumulated in a particular market is assumed to remain
there into the next period, though its owners move on. The dollar
return to capital is then received by shareholders after trading is
complete. The size of this one-period ‘float™ is taken to be propor-
tional to the stock of money (though, in fact, this cannot hold exactly)
and 1s neglected in what follows. The financing of investment is en-
tirely “‘internal’’: there are no economy-wide markets for capital
funds.’

All exchange in this economy takes place at competitive market
clearing prices. The behavior of each trader is rational both in the
conventional sense of optimal, given objectives and expectations, and
in the Muthian sense (Muth 1961) that available information is opti-
mally utilized in forming expectations. In order that the latter as-
sumption have an operational meaning, the analysis will be restricted
to the situation in which the relevant distributions have settled down
to stationary values and can thus be ““known’" by traders.

The central economic ingredients of this model will, as in the pre-
ceding section, be the asset demand functions (7) and (8), which will
now differ from market to market due to variations in capital stock
and in information. The aim of the analysis will, also as above, be to
obtain the analogue to the solutions (11) and (12) for the motion of the
state variables and their relative price. The major difference induced
by the introduction of relative and aggregate "‘noise’’ will be in the
calculation, by agents, of the expected yields r,, and r,,, which will
now be mean values conditioned on limited information rather than
perfectly foreseen realizations.

It will be convenient to develop these elements in the reverse of the
usual order. In the next section, the information structure of the
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economy is described and the solution of the model is stated formally.
Next, in section 5, the asset demand functions are restated and the
two expected yields redefined. The inference problem solved by agents
is treated in section 6, completing the statement of the model.

4 Notation and a Formal Solution

To move toward an explicit description of the economy described
above, think of trade as occurring in a continuum of separated markets
z,0 < z < 1, where z is an index of location. The system is driven by
stochastic injections of new money (in the form of governmental
spending) which vary over time and over markets at a given time. Let
the average (over markets) percentage increase in money be x,, where
X, ~ N(u, o*). Market z receives an increment which deviates from the
average by the percentage amount #,(z), where

0(2) = pb,_.(2) + €(2), 0<p<1 (23)

and €,(z) = N(0, o). Take €/(z) and x, to be independent for all s, 7. z
and €/(z) and €,(z') to be independent, unless s = rand z = z’. Then the
stationary distribution of [x,, 6,(z)] for any fixed location z will be
normal with mean (u, 0) and covariance matrix

(5 o
0 o3/’

where o3 = o?/(1 — p?). None of the shocks €,(z), #,(z), and x, is ever
observed by agents, but their distributions are taken to be constant
and known by agents.!?

As a consequence of these shocks, the only ones affecting the
economy, capital stock may be expected to vary over time and across
markets. Let A/(z) denote the log of beginning-of-period capital in = at
t and let k£, be the average value of 4,(z) over all markets. Use u,(z)
= k(z) — k, to denote the deviation from average of market z's capital.
These three variables will follow a stochastic process to be deter-
mined. Denote the stationary distribution of u,(z) as N(0, o). One
would expect the persistent, relative shocks 6,(z) to affect capital
movements, so that o, = E[6,(2)u,(z)] will be nonzero. These distrib-
utional facts are also assumed known to agents. though A,(z) and 4,
cannot be directly observed.

Also as a consequence of the disturbances, individuals in different
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markets will acquire differing amounts of money during a trading
period. Think of a large number of agents, each selecting next period’s
market at random, so that the distribution of agents by their money
balances will be the same in all markets. In the normal, log-linecar
structure to be used below, the only changing feature of this distri-
bution will be its logarithmic mean, denoted (as in sec. 2) by m,. This
average follows the random walk

My = m, + X, (24)

Assume that s, is not directly observed by agents. Equations (23) and
(24) together give a complete description of the flows of money through
the various markets in this economy and all the relevant information
on the distribution of money among agents.

According to the above description, then, the aggregate (or average)
state of the economy is described by the values k,. m,, and x, of capital
stock, money, and nominal government spending. The situation of an
individual market z is described by its capital relative to average, u(z)
= k(z) — k,, and the government spending it receives relative to
average, 6,z).

As agents diffuse through this system, they observe none of these
variables directly. Each period, however, they trade goods for money
at a market clearing price p,(z). The history of prices p(z), p,—.(z'),
Pe—2(2"), . .., observed by an individual is his source of information
on the current state of the economy and of the market z in which he
currently finds himself; equivalently, this history is his source of in-
formation on future prices.!! Since traders follow different paths, each
will have different information in hand, so that in general one would
need to describe the informational state of the economy by a distrib-
ution of agents by information held. To complicate matters still further,
this informational state will influence prices and will then itself be an
object of speculation—agents will form expectations about the expec-
tations of others. Two further conventions will help to simplify this
complex picture. First, assume that each agent summarizes the price
history (p,_,. pr_s, . . .) observed by him in a pair (k.. 7,), his unbiased
estimate of the current values of the aggregate state variables, (k.
m,)."? Second, prior to trading each period, these estimates are
“*pooled’ by traders by simple averaging, so that a single pair (k,. n1,)
of numbers describes the perceptions of all agents. Let these percep-
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tions be normally distributed about the actual aggregate state, with the
covariance matrix

2% %
1 S S I

The state of a particular market z, then, is fully described by seven
numbers: k. m,. k.. m. X 0,2), 1,(2). Agents do not know this state,
though of course they do know their own expectations (k,. m,). On the
basis of the latter, they have a well-formed opinion of the relevant
variables they cannot observe: A,. m,. x,, 6,/2), u,(z). Specifically. they
believe (correctly) that this random vector is normally distributed with
a mean (k,. m,. u, 0, 0) and covariance matrix

o o 00 0
Tpm o5 00 0
=10 0 gt 0 0 (25)
0 0 0 oF ouw
0 0 0 o o?

This completes the description of both the actual state of the economy
and the opinions agents have as to this state.

As in section 2, the aim of the analysis will be to define and study
the equilibrium motion of this system from state to state. Also as in
section 2, one has the choice of thinking of equilibrium as a set of rime
paths of assets and prices, or as a set of functions which specify prices
and asset movements, given the current state. Taking the latter route,
let an equilibrium take the form!?

kisi(2) = 9 + ok + moam, + mplk + u(2)]

+ 7om, + msly + 6421, (26)
pz) = msy + 7721/:'1 + ool + ok, + 14,(2)]
+ o, + mesly, + 6,(2)]. 27

Subsequent sections will be devoted first to developing a set of con-
ditions which these coefficients 7;; must satisfy and then to developing
the implications of these conditions.

5 Asset Demand Functions
Current-period flow equilibrium is determined in each market exactly
as in section 2. I shall focus, then, on the asset demand functions (7)
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and (8), repeated here in a notation which emphasizes their market
specificity but is otherwise unchanged:

kr+1(1) = wy t+ ayrlz) — ar,z) + (Y:skr(:)~ (28)
’”[rl(:) — pl2) = ﬁo = Blrl\‘{(:) + ﬁz"m/(:) + ﬁ:;/(r(:)~ (29)

The parameters «;, 3; are restricted as in section 2. In addition to (28)
and (29), money supply follows (23) and (24), and

mMz) = m; + x, + 0,2) (30)

holds.

The two asset yields, r,, and r,,, are conceptually as in section 2
but in the present case of uncertainty will be taken to be conditional
means. The return on money is, again, the expected deflation rate.
Since traders will choose next period’s market at random, the expected
rate relevant in z at ¢ is

rud2) = plz) — piyi(2), (31

where p,(z) is the observed current price and pt,,(z) is the expected
value of next period’s average price level, conditional on information
available in z at 1.

The return on capital is, as before, the expected real rental price.
Since capital accumulated in z remains there into the next period, the
nominal rental will be proportional to the local price prevailing next
period. On the other hand, since dividends will be spent elsewhere,
the appropriate deflator is an expected average price. In addition to
these price effects, the dampening effect of diminishing returns will
also, as in section 2, be present. In view of the peripheral role of
diminishing returns over the cycle, I shall neglect the latter effect here
and write

Fel2) = pia(2) — pivi(2), (32)

where p{,,(z) is the price expected to prevail locally, next period, on
the basis of current-period information.

6 The Formation of Expectations

Since the rates of return which figure in the demand functions, (28)
and (29), are not directly observable, they (or the expected prices
which comprise them) must be inferred by agents from available in-
formation. This inference problem is the subject of this section.
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The information sets and “"priors’” of agents are described in section
4. Agents know the coefficients of the solution (26)—(27) and take the
joint distribution of the state vector [4,. 71,. x;. 6,(2). ()] to be normal.
with mean (&,. 7i,. u. 0. 0) and covariance matrix S as given by (23).
Then. prior to trading. they observe the equilibrium price. which as
a function of the unobserved state vector carries additional informa-
tion. On the basis of this new information. agents form a posterior
distribution on the state vector to be used in forecasting. Denote the
mean of this posterior distribution [A,. 17,. &,. 8,(2). &,(2)].

From (27). the price which. prior to trading. had been expected to
prevail was
Dy = mau = Tarky = maalll, + Task, + Toul, & Taspd.

Also from (27). the price which in fact prevails is

Pz = p, + mFagtlk, — /1}) = a3l (2)

9

(V%)

+ maimy = M) & maaX, — W) F wasf,(2). (33)

Thus. [A. m,. x,.. 6,2)] and p(z) — p, are. from the point of view of
agents. jointly normally distributed variates with a covariance matrix
given by X and (33). A straightforward calculation vields the condi-
tional means'*

k= k, = 0y 4700} + mad ) Pi2) = Pl (34)
mM, = Ny + o TaCar ~ T pd) — pd. (35)
X o= u + om0 [pds) — pl. (36)
0.02) = 05 (7a30us + Tas0)PAZ) — Pil. (37)
12) = oy anuol + o)A — Pl (38)
where
G5 = 3! Do T + Ty, & G20
i T :7_137130' g v Tf’u\O'; (39)

is the variance of actual price about its prior mean.

One notes that each posterior (conditional) mean is simply the prior
mean. corrected by a term which incorporates the new information
contained in the market price. p,(z) — p,. In each case the weight
attached to the new information p,(z) — p, in (34)—(38) is the simple
regression coefficient of the shock in question on p,(z) — p,. Thus. for
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example, in (36), o, %m,;0% is the covariance of p(z) — p, and x, — u
divided by the variance of price.

The estimates (34)—(38) are now used by traders both to update their
estimates (/:,, m,) of the aggregate state of the economy and to form
unbiased expectations r;(z) and r,,(z) of the yields which are relevant
to the asset demand decision. Using E.(-) to denote an expectation
formed in z in ¢, one has, from (26),

keoi(2) = Euaryy + moke + mpmy + gk, + mom + msx)
= T + 7T]|k( + 7712/’3[ + 77113/([ + 7714”7[ + 7715:\:[,

where k., ,(z) is the posterior estimate of k., based on market z infor-
mation. Now substitute from (34), (35), (36), and (33) and average over
markets z to obtain the average estimate of A, ,:

/:'t+1 =y + (7 + 7733)/2' + (myy + mdm, + T 51
+ Bilma(ky — k) + moi(my — my) + mys(x, — )], (40)

where B, is a function of the elements of X and the w;;, given for
reference in Appendix B. Similar calculations give

My = my + u + Bylmyy(k, — /1,)
+ mog(my — m) + m(x, — @l (41)

where B, is given in Appendix B.
The expected yields as defined by (31) and (32) are calculated in the
same way. For example,

rmt(z) = pt(z) - E?—H(Z)
= 1y + Tark, + oty + mWoslk, + 1,(2))
+ o, + moslx, + 0,(2)]
— E.(my + 7721/1’:+1 + Toohtyyy + Tagkiyy
+ Woaypy + TosXii1), (42)

using the solution for price, (27). Observing that E.lk.+]1 = E.[k,+,]and
E.[m, ] = E.[m,,] and using the solution for capital (26) and the mon-
etary rule (24), one finds

Fa(2) = orky + monttty + moslky + u(2)] + mour, + Woslx, + 6,(2)]
— (my + m)E(my0 + 77'111:'1 + Ty + Tk
+ mm, + misx)
= (7 + m)E(m; + X))
— Tasit. (43)
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Now using the estimates (35)—(37) and (33) and collecting terms, one
finds

Fa2) = (T + Tl = (7 + 7713)]/1'1
— (701 + o) + Mo, + (1 = A))

X [an(l\', - '[) + 7'_’3“[(:) + ﬂ’ﬂJ(’”f o ’ﬁ!)
+ sy, — @) + mas0(2)]
+ C,. (44)

where A, is given in Appendix B and C, is a constant which will be
ignored in the sequel. An analogous calculation gives an expression
for the expected vield on capital:

re2) = Aslmag(h — &l + Toglt(2) + 7o 01, — 11,)
+ 7oy, — @) + masf(2)], (45)

where A, is given in Appendix B.
This completes the statement of the model. though a mathematical
definition of its solution is still two sections away. The given economic

parameters are the coefficients in the asset demand functions. «,. . . . .
agand By, .. .. B;. the parameter p. and the two variances o” and o:.

The economic assumptions imply a set of conditions relating these
parameters to the solution parameters: the coefficients 77;; in (26) and
(27) and the remaining elements of the covariance matrix =. Implica-
tions on the slope coefficients will be developed in the following sec-
tion: those on the covariance matrix in section 8.

7 Implications on Slope Coefficients

Inserting the expressions for expected yields given by (44) and (45)
into the capital demand function (28) vields k,.,(z) as a linear function
of the current state variables in market z. A second expression of this
functional relationship is given by (26). Since these two relationships
are equivalent. their right-hand sides must be identically equal in ki,
. komy. x,. 0,42). and u,(z). Equating coefficients gives five conditions:

mu = —la Ay — au(l = ATy

— ay(my + mo)l — 7y — ), (46)
T = —lady — ax(l — ADlmyy

+ ooy + T2 + T (47)
Ty = oAy — ao(l — AD]may + ay. (48)
T = A, — ao(l — Aoy, (49)
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s = Ay — ao(l — A))]mo;. (50)

Equating money demand and supply (eliminating m{(z) between [29]
and [30]) and inserting the yields (44) and (45) give an expression for
the current price, p,(2). Since the expression (27) must be equivalent,
one obtains five more conditions:

o = 814y — Boll — AD]myy
= Bolmay + ol — 7y — 7). (51)
—(B1A: = Ba1 = Ay,

1y
[

+ Bomay + T + ), (52)
Tay = [B]Az = Buoll = AD]moy — B (53)
m = B1A; — Bl — ADlmyy + 1, (54)
mas = [B1Ar — Bul — ADlmys + 1. (55)

The two additional conditions for the constant terms m,, and 7., will
be neglected.

So far, then, we have ten equations involving the ten unknown 7 ;
and (via A, and A,) the five unknown elements of X: o3, 03, 0. Tus-
and o2,

8 Implications on Covariances
Rationality of expectations also implies that the covariance matrix X
used by agents in forecasting is at the same time the rrue stationary
covariance matrix. For the exogenously given moments o° and o3,
this holds by direct assumption. For the other elements of X, some
calculations are involved.

From (26) one observes that

ey (2) = kay(2) — k= r504,(2) + 7502). (56)
Then. using the fact that

0,-1(2) = pb,(2) + €,.

the stationary moments o3 and o, are given by

_ s 1 + pmyy
1 — a3 1 — pmyy

o= —L0B gz (58)
l — T3

o3, (57)

9
Ty

provided |74 < 1.
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The information contained in the 10 equations (46)—(55) may now
be conveniently restated as

7y = [0 Ay — an(l — Ay, (74)
7y = [Bi1As — Buo(l — AYlmy + 1. (75)

The terms A,. A,. B,. and B, may similarly be expressed in terms of 7,
7y, 7y, and m,; these simplified expressions are given in Appendix B.

The problem of solving for the equilibrium parameter values is now
reduced to: find 74, 7,. 0%, 0. 0%, 0, and o} such that (74). (75).
(57). (58). and (61) are satisfied. The fact that the covariance structure
and the response coefficients 75 and 7, are mutually dependent makes
this task difficult, and results have been obtained for special cases
only. These will be discussed in detail in subsequent sections.

At this point, however. the general nature of the dynamic system is
fairly clear. Equations (70) and (71) describe the consequences of the
unsystematic shocks, x,. on the deviations between the perceived and
the actual aggregate state of the economy. &, — &, and 7, — m,. This
autonomous, two-equation system converts a one-time pulse of mon-
etary “"misinformation’” into an extended, distributed lag effect. Equa-
tion (72) describes the motion of capital stock as the sum of a
“‘deterministic’’ part. which is essentially the same as the capital path
found in section 2. and autocorrelated deviations about this path,
determined by the shocks and their lagged effects from (70) and (71).
The effects on price are given in (73).

10 Case 1: Centralized Market Clearing

The case in which the relative demand variance 3% is zero corresponds
exactly to the situation discussed briefly at the end of section 2 in
which monetary shocks are the only exogenous disturbance to which
the economy is subject. Since with no variation in # all markets are
identical, an economy with o3 = 0 may be viewed as one in which all
trade takes place in a single market.

The algebra appropriate to this case is given in Appendix C. Briefly.
one observes first that the function A, is zero when o7 = 0. implving
from (45) that expected real yields on capital do not change with
monetary shocks. It follows that o} = ,, = o3 = 0 is the solution
0 (61). Then, from (74) and (75). the coefficients 7, and =, are 0 and
1, respectively.
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Inserting these values into (70) and (71) gives the solution for equi-
librium price and capital accumulation. In this case, k(z) = k, = k, for
all markets and all periods. Similarly, /1, — m,. In short, there is no
misinformation. The effect of monetary changes on capital is nil (7, =
0): there is a proportional effect on nominal prices (7, = 1). Monetary
changes are accurately conveyed to agents via price movements, even
though unanticipated. and the response is simply an adjustment in
nominal units.

While this case is of no particular interest substantively, it does
serve to “Tjustify”” the apparatus set up in preceding sections, to which
I shall shortly return. The introduction of separate. informationally
distinct markets is not a step toward “realism™ or (obviously) ele-
gance™’ but, rather, an analytical departure which appears essential
(in some form) to an explanation of the way in which business cycles
can arise and persist in a competitive economy.

11 Case 2: A Purely Monetary Cycle's
The case in which the capital stock does not respond to monetary
shocks may. in contrast to the preceding case, be of practical impor-
tance. since cyclical variations in capital appear, at least at the casual
level, to be of questionable quantitative significance. Arithmetically,
this case can be obtained from the present model by setting the elas-
ticities of investment with respect to expected yields equal to zero. If
a, = a, = 0 then, from (74), 7, = 0 and (see Appendix C) ¢} = o}, =
0. For all markets and all 1. A(z) = &, = /1', = /(1 = 7).

The functions A, and A, are found equal to y/m7, and p(l — vy).
respectively, where

o3 + ot

7 ol + o+ o0p

Then, from (75).

= L+ By . (76)
YL+ B - Bl =)

Letting o3 range from 0 to infinity, the price response 7, ranges from
the high value of unity to a low value of (1 + 8, — pB,)"'. In economic
terms, as the fraction of demand variation due to aggregate nominal
disturbances tends to unity, equilibrium prices tend to move in pro-

.
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portion to demand shifts. As this occurs, the output response tends to
zero. Their ratio (the slope of the Phillips curve) tends to infinity.

It remains to determine o3 as a function of o*. For the case under
consideration, (61) takes the form
gl + o* + o}

a3, = (1 — y)(o3, + 0?) = [ ] (02, + a?). (77)
The solution for o3, and o2, + o as functions of ¢? are diagrammed
in figure 1: o3, is zero when o* = 0, with a derivative approaching
+2¢: it reaches a maximum of 0% when o2 = 302 it tends to 0 as o2 —
x, The behavior of o, + ¢ is as shown. The coefficient y increases
from 0 to 1 as o? increases from 0: it equals ¥ when o = {o}.

The variance o2, is not, of course, the variance of the money supply
(which sias no stationary value when m, follows a random walk). It is
the average squared value of 17, — n1,: the difference between the actual
money supply and the level perceived, on average, by agents. When
the monetary shock is small (o? near zero) this error is small, since
past information is a reliable guide to the present state. When o? is
very large, %, is again small, since contemporaneous price movements
provide an excellent indicator of movements in /1, + x,. The error is
greatest when o2 is of the same order of magnitude as o3, so that

E (4]
Q
DN
DN

Figure 1
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monetary noise is sufficient to be economically interesting yet small
enough to be confounded by agents with relative demand movements.

To obtain the dynamic behavior implied by these solution values,
rewrite (71) (or [60]) as

My = My = (1 = y)m, = m, + x, — ), (78)

which is implied by the solution found above. Given exogenous money
movements as assumed in (24), (78) describes the way agents’ beliefs
about the state of the economy move through time relative to the
motion of the actual state.

To get a more concrete idea of the kind of “‘cycle’” implied by this
solution, it is useful to simulate the response to a single once-and-for-
all demand shock (even though the occurrence of such a pattern has
been assumed to have zero probability). Imagine an initial situation in
which perceived and actual states are equal: m, = m,. There is an initial
shock to demand: x, — u = S. Thereafter, money grows smoothly at its
average expansion rate: x, = u = 0, r > 1. From (78), agents will
initially underestimate the true stock of money but will “*catch on’" at
an exponential rate through time:

m, — m, = (1 —v)'S, t= 1. (79)

From (73), specialized to this case, the initial shock will induce a
price increase above what had been expected in period 0 in the amount
74S. Prices will continue to stay above expectations due to lagged
adjustments in »1, but by an exponentially decreasing amount. To be
exact,

pe — pr = my(l — y)'S, t= 0.

This motion will not be affected by changes in the average monetary
growth rate, although, of course, the path of actual prices will be.
The movements in flow variables—output, employment, and con-
sumption—which parallel these price movements can be inferred from
the income-expenditure identity (1), the link between monetary ex-
pansion and government spending, (5), and assumptions about house-
holds" preferences for labor supplied and goods consumed. For the
latter, assume purely for simplicity that consumption does not vary
over the cycle, so that fluctuations in government purchases are ab-
sorbed by employment fluctuations. In the case under discussion,
capital and investment are also constant, so that (1) may then be
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lace more slowlv than the exponential pace describe d in (78l The
701 and (71):

these equanons. valid for ¢, and a.

The cheracterisuc roots of this svstem are near a. and 1 — v, both
in the unit interval, so that following a one-time shock, perceptions on
i v will return to “‘normal " 1n a nonoscillating

e probazbly both positive: underesti-
mation of capacity (k, — &, = 0) leads to underestimation of aggregate
demand (r,_, — m,_, < 0). and. similarlv. k,_; — ~'~-, Increases as m, — m;
increases. In response to a pulse shock S. both & — & and 71, — m, move
proportionally to S. One (but not both} of Lhese EITOTS can continue
to move in the same direction (that i<, errors can cumulate) while the
other decays. Eventually, both tend to zero.
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Given the motion of the perception errors k, — k, and 71, — m,, as just
discussed, the motion of actual capital stock 4, following an initial
shock S is given by (72). The initial effect is 7,5: subsequent effects
in the same direction are contributed by the term =,(m, — m,). Offsetting
effects arise from & — &,. Since ay < 7, < 1, and since all three forcing
terms tend to zero. &, must eventually return to its normal level.

The consequences for employment of these movements in actual
and perceived state variables can be obtained as in the preceding
section. The presence of capital makes these calculations both more
complicated and more interesting. Again, take consumption to be
constant. “"solve’ (1) for the log of employment. and expand to obtain
the analogue of (80):

ny =7y~ 112 — nalkio — k) — Mok (86)

As before, the elasticity 7, is the ratio of G to output divided by labor’s
share: 7, is the average capital-output ratio divided by labor’s share:
and 7, is capital’s share divided by labor’s share. Real spending. z,.
is obtained from (81) and (73):

2, = mk, — (Bymy — Tk — k) = (1 = 70(x, — M, = m,). (87)

Combining (86) and (87) vields the time path of employment.

The direct “multiplier’” effect on employment of a shock (7,2,
works much as in the preceding section: there is an initial effect due
to a movement in x, followed by additional effects due to informational
lags. The effect new to this section is the accelerator term 7.,(k,—, —
k,). which can be relatively large even for small values of =,. Further.
since capital returns to normal. the term m,(k,_;, — &,) must eventually
make a negative contribution to employment. possibly driving em-
ployment below its normal level. even in the absence of a downward
shock.

Movements in expected vields on both money and capital will. as
in the preceding section. be procyclical.!® These facts may be verified
from (44) and (45), but the exact expressions need not be given here.

13 The Role of Interest Rates

The procyclical pattern of interest rate movements has perhaps at-
tracted more theoretical and empirical attention in recent vears than
any other ““stylized fact™” concerning business cycles. The procyclical
movement of the two expected yields. as shown in (84) and. for the
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general case. in (44) and (45). raises the hope that this fact too is
accounted for by the model developed above. The question is worth
examining. although it will turn out that a satisfactory answer remains
bevond the scope of this paper.

Formally. the model above considers internal equity financing only.
in contrast with the established convention that. in theories which
consider one source of financing only. that one source should be
bonds. This departure is obviously necessitated by the presence of
uncertainty: the claim to an uncertain vield cannor be a single tvpe of
bond. One could add private bonds as an additional source of financ-
ing. If bond transactions were localized. as are goods transactions
(that is. exchanges among agents in a single market), this would be
easy to do. and one can conjecture that bond vields would move as
the expected vields in (44) and (45). The interesting issue. however.
Is to examine the consequences of a single economy-wide market for
some standardized kind of bond which would clear in an integral sense
but not for each fixed market z. This modification would involve a
major change in the information structure of the economyv. since the
equilibrium interest rate (or bond price) would depend only on aggre-
gate state variables. and hence its value would convey to agents some
aggregate information uncontaminated by local disturbances.

To see the effects of this. return to the inference problem solved by
agents in section 6 and suppose that agents also observe the value of
a known linear function of &, — &,. »1, — m,. and x,. The extreme conse-
quence occurs when capital movements are unimportant. as in the
purely monetary model of section 11. In this case. the interest rate
will convey the aggregate state of the economy perfect/y to agents.
eliminating the real part of the cycle altogether.!” With an accelerator
effect present. it seems likely that the existence of an economy-wide
bond market would dampen cyclical movements but not eliminate
them or alter their qualitative character. Without further analvsis.
however. the question remains open and. clearly. crucial.

The interest rate question illustrates an interesting analytical tension
which must arise in any cvcle theory based on incomplete information.
On the one hand. it is easy to postulate agents and market institutions
which ignore or foolishly waste information: the result is a theoryv
which seriously understates agents’ abilities to vary their decision
rules with changes in the environment (such as. for example. the
theory underlying the major econometric forecasting models). It is
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equally easy to postulate “efficient’” securities markets which rapidly
transmit a// information to all traders: the result is a static general
equilibrium model. To observe that one must avoid both extremes to
understand the business cycle does not take one very far in discovering
the correct “centrist’” model. but it seems nonetheless an essential
point of departure.

14 Remarks on Testability

The model described in section 12. and any other variant in this general
class. ascribes values to all aggregate moments: the complete covari-
ance function of the vector of observable variables. Since there are
many more such sample moments than there are free parameters in
the system. it is clear that the model has empirical content.

In the absernice of an economic theory on the behavior of the shocks.
one would in practice begin by describing the shocks stochastically by
some ad hoc method. possibly using only past values of the series
itself. possibly relating it to movements in other state variables. Then.
based on these findings. one would need to redo the theory above
(especially the inference problem in sec. 6). assuming that the same
pattern in the disturbance is also known to traders. If. as seems likely.
a fairly complicated pattern (say. three or four parameters) is required
to describe the shocks. this will lead to more. not fewer. testable
restrictions on the solution parameters.'® In short. there appears to be
little risk of the vacuity which mars so much of distributed lag
econometrics.

In addition to aggregate predictions. the theory also “"predicts™ that
deviations from average in the demand for individual products will be
independent from product to product and through time. One may (as
I did [Lucas 1972]) take these “predictions’ metaphorically'® (as one
takes the prediction that all individuals are indistinguishable and live
forever). but it is instructive to ask which covariance structures for
individual demand shocks will lead to aggregate behavior "'like™ that
described above and which will not. The answer seems to be that one
needs each individual market shock to be expressable as a linear
combination of a large number of roughly commensurate independent
shocks (so that the law of large numbers applies as used above) plus
a single shock common to all markets. This assumption. namely. that
there exists some single random variable identifiable as aggregate de-
mand. is testable and surely deserves systematic examination.
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15 Remarks on Policy Implications

All aggregate output movements in the models studied above result
from movements in a single monetary-fiscal shock to aggregate de-
mand. Evidently. the keyv to any stabilization policy in such a setting
would involve the elimination of any avoidable components of the
variance of this shock. The present studyv. then. provides a rationali-
zation for rules which smooth monetary policyv. exactly as did the
earlier studies of Lucas (1972). Sargent and Wallace (1973}. and Barro
(1975). Similarly. it rationalizes the analogous fiscal rule of continuous
budget balancing and rules to stabilize the quantity of private moneyv.
such as larger reserve requirements for banks. Though it could be
extended to do so. the present model sheds no light on the relative
importance of monetary and fiscal effects. since all shocks. by as-
sumption. involve both monetary and fiscal elements.

If. as seems likely in fact. some components of aggregate demand
variance are unavoidable. the present model offers the additional pos-
sibility of stabilization by affecting the response characteristics of the
private sector. For example. a fiscal stabilizer which reduced the
parameters «; and «, (the elasticities of investment with respect to
perceived. pretax rate-of-return changes) would convert the economy
of section 12 to the more stable economy of section 11. This feasibiliry
of stable but reactive stabilization policies will obtain. it would appear.
in any model in which the effects of shocks persist through effects on
capital accumulation.

In my view. the desirabiliry of reactive policy rules is a more serious
issue than is their feasibility. A tax policy which reduced the respon-
siveness of investment to aggregate demand changes would. as can be
seen from the analysis in the preceding sections. reduce the variance
of aggregate output and emplovment. At the same time. such a policy
would necessarily reduce the responsiveness of investment to relative
demand shifts, retarding the movement of resources into the socially
most desirable activities. Since the preferences and production pos-
sibilities in this model economy have not been made explicit. one
cannot conclude with the presumption that the balancing achieved by
the private sector in this model is efficient. On the other hand. it has
not been necessary to introduce anyv of the standard types of "“market
failure”” in order to account for the main features of the observed
cycle.
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This paper develops a theoretical example of a business cycle. that is.
a model economy in which real output undergoes serially correlated
movements about trend which are not explainable by movements in
the availability of factors of production. The mechanism generating
these movements involves unsystematic monetarv-fiscal shocks. the
effects of which are distributed through time due to informational lags
and an accelerator effect. Associated with these output movements
are (1) procyclical movements in prices. (i) procyclical movements in
the share of output devoted to investment. and (ii). in a somewhat
limited sense. procyclical movements in nominal rates of interest.
This behavior is obtained under assumptions about expectations
tormation which seem suited 10 the studyv of a recurrent event: agents
are well aware that the economy goes through recurrent “‘cvcles™
which distort perceived rates of return. On the other hand. the tran-
sitory nature of real investment opportunities forces them to balance
the risk of incorrectly responding to spurious price signals against the
risk of failing to respond 10 meaningtul signals.

Appendix A
Equations (14) and (17) are two equations in the unknown parameters
7., and =.,. Solving them means essentially finding the roots of a

quadratic. which can of course be done in several ways. A particularly
convenient way Is to add 3. times (14} 10 . times (17). obtaining the

line

Ty = By — B.a, — Bia,¥. Fiy — aB: ~ aly ) (AD)
Qo Q@

Rewrite (14) as

o _ W (1 = a7y, ' (A2)

7T 2y

el — 7@

The two solutions to (Al) and (A2) (that is. to [14] and [17]) are
illustrated in figure Al. The relevant root economically is in the south-
east quadrant: it satisfies the inequalities (19) and (20).

To obtain =, = k,, = 7,y and —7; = 7., — 725 (@s in sec. 9), one
proceeds in the same way. Adding (46) and (48) vields

T = Ay — al(—7N)l — 7). (A3)
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that C,, = (a3/B5)C,, and Cyy = (a3/B3)C.,, so that by direct inspection
of (59) and (60) one sees that 0% = o302, and o, = ayo?,. These facts
permit the calculation of M, D,, and D, as functions of the two vari-
ances o3 and ¢®. Inserting these into the third equation of (61), one
obtains a cubic in the unknown ¢?%,. The root zero occurs twice; the
third root is negative. Thus, the unique solution of (61) is o} = oy, =
o = 0.

With these variance, D, = 0 and D, = 1. Inserting these values into
the expression for A, from (B12), one finds that 7, = O and 7, = | is
the unique solution to (74) and (75).

For the case a;, = ay, = ay = 0, use (61) to solve for o7 and o, as
functions of o3, + o*. Evidently, (0, 0) is a solution, since in this case
D, = 0. If D, = 0, there is no other solution. If D, # 0, one finds that
oi < 0, an impossibility. The solution given in the text is thus unique.

Appendix D

Equations (57), (58), (61), (72), and (73) are seven equations in the
unknown reduced-form parameters (7, 7, 07 Ty G2, 02, 04e). In
section 11 it was found that (0, 7,, 0, 0, 73,, 0, 0). with 7, given in (76)
and 3, by (77), is the unique solution when «, = «a, = 0. Let a, =
Ea,, where £e€(0, 1) is a constant. Then the implicit function theorem
implies that for «, sufﬁ01ently small, a differentiable solution exits.
This solution can be approxnmated for «, small by expanding (73, 7,
OF, Opies O, 03, a0 e) about the point (0, 7,, 0, 0, &%, 0, 0).

Carrying out this expansion, (85) is immediate from (64) and (76).
The approximate coefficients C;; (see Appendix B) of the difference
equations (70) and (71) are readily, if tediously, obtained in the same
way. The expressions given below are obtained by expanding in «,
and by discarding terms involving powers of y of 2 or higher. The full
expressions are not difficult to obtain, but there is little to be gained
by repeating them here:

Cy = = Bs(l = y)my + ey 1 1773 Ay,
s
Coo = (1 = y)my — 1 —370[3 1s
_ By Bap
Gy = Bay(l 1 - a, 2 1 — o m3),
C22=1_')’+.33 _ +B; m3.

3
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For a, (and hence ;) small, the roots of (C};) are seen to be near a,
and 1 — y (the two diagonal elements). C,, will be positive, as asserted
in the text. C,,, treated also as positive in the text. can in fact have
either sign, even for a, small. For y small. it will be positive.

Notes

1. This argument is much more fully developed in Lucas (19735).

2. The terminology is taken from Haberler s useful taxonomy of cycle theories
(Haberler 1960).

3. Here and in the remainder of the paper there will be only one nominal asset
and it will be supplied exclusively by the government. I will call this asset
“‘money " without qualifving this usage each time it arises. but it might as well
be called “"bonds™ or “"government liabilities.”” This means that the analysis
will not be able to deal with questions involving the relative importance of
monetary and fiscal disturbances. though it could without much difficulty be
modified to do so.

4. This 1s making virtue of analytical necessity. but there are definite intuitive
advantages to a parametric. ‘‘certainty equivalent’” approach as used here:
the forecasting and choice problems solved by agents are separated (though
we know this separation is artificial). and the distinct effects of each on
decision rules are clearly seen (see n. 13).

5. One can easily add aterm “a,(m, — p)" to the right of (7). and similarly to
(8). and trace out the consequences. This leads to possibly interesting stability
problems which are poorly understood (by me) and which I do not wish to
confound with the cyclical complications which are introduced later.

6. This discarding of an unstable root is. of course. the step which is custom-
arily “justified” by a transversality condition in models in which agents’
maximum problems are made explicit (see. e.g.. Brock 1973).

7. This nonneutrality of inflation did not appear in Lucas (1972) or Sargent
(1973h). since both papers excluded capital formation. This led Tobin (1973).
and perhaps others. to wonder how monetary distortions present in models
with certainty and perfect toresight can disappear when uncertainty is intro-
duced. The answer is. they do not. The point of Lucas (1972) and Sargent
(19734) is not that the introduction of uncertainty removes long-fanfiliar neo-
classical nonneutralities but. rather. that it does not in itself introduce new
ones.

8. The idea behind this island abstraction is not. of course. to gain insight into
maritime affairs. or to comment on the aimlessness of life. It is intended
simply to capture in a tractable way the fact that economic activity offers
agents a succession of ambiguous, unanticipated opportunities which cannot
be expected to stay fixed while more information is collected. It seems safe
and, for my purposes. sensible to abstract here from the fact that in reality
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this situation can be slightly mtigated by the purchase of additional
information.

9. See sec. 13 for a discussion of the probable effects of introducing an
economy-wide bond market.

10. The assumption that these unobserved distributions are “"known'  need
not be taken as a literal description of the way agents think of their environ-
ment. It is just a convenient way of assuming that agents use the data available
to them in the best possible way.

11. This neglects, as Sargent has pointed out to me. the information conveved
to traders when they receive the dividend “"check™ for their investment of two
periods earlier.

12. See n. 10 above.

13. With a modest application of intuition. one can specity some of the solution
parameters in advance. (E.g.. since two markets with the same total »m. - 1
+ 6 should look alike. one should have 7,, = 7,5 and 7., = 7.-.) There is no
harm in carrying along extra parameters, however. and since intuitions difter.
one may as well develop such tacts formally. This is done in sec. 9.

14. See. e.g.. Graybill (1961. theorem 3.10. p. 63).

15. This is essentially a parametric version of the model in Lucas (1972).
except that in the present version, monetary changes are perceived with a
distributed (rather than a fixed one-period) lag. Setting 3, = 0 gives an exact
counterpart to the model of Lucas (1972). A comparison of the two gives a
good idea of the costs and benefits of working with parametrically specified
demand functions rather than with preference functions of agents (see n. 4
above). .

16. Friedman (1971, p. 327) observes that cyclical variations in the average
marginal productivity of capital are of slight quantitative importance. so that
variation in the expected average vield on capital must play a minor cyclical
role. This fact, as Friedman suggests elsewhere in the same article. is thus
entirely consistent with an important cyclical role for average expected real
yields.

17. Could not a given interest rate movement indicate ambiguously either a
high x, or a high m, — m,? As a transient eftect. yes. but not in the stationary
distribution: see (60) with &, — 4, = 0.

18. See Sargent's application of the principle of rationality to the Fisherian
interest rate—inflation rate distributed lag (Sargent 1973a).

19. In his persuasive comment on Lucas (1973¢). Vining (1974) utilizes a literal
interpretation of this assumption to obtain a suggestive empirical test.
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Understanding
Business Cycles

1

Why is it that, in capitalist economies, aggregate variables undergo
repeated fluctuations about trend, all of essentially the same character?
Prior to Keynes™ General Theory, the resolution of this question was
regarded as one of the main outstanding challenges to economic re-
search, and attempts to meet this challenge were called business cycle
theory. Moreover, among the interwar business cycle theorists, there
was wide agreement as to what it would mean to solve this problem.
To cite Hayek, as a leading example:

The incorporation of cyclical phenomena into the system of
economic equilibrium theory, with which they are in apparent
contradiction, remains the crucial problem of Trade Cycle Theory:!

By “‘equilibrium theory’” we here primarily understand the modern
theory of the general interdependence of all economic quantities,
which has been most perfectly expressed by the Lausanne School of
theoretical economics.?

A primary consequence of the Keynesian Revolution was the redi-
rection of research effort away from this question onto the apparently
simpler question of the determination of output at a point in time.

Reprinted from Stabilization of the Domestic and International Economy, vol. 5 of
Carnegie-Rochester Series on Public Policy, eds. Karl Brunner and Allan H. Meltzer,
Amsterdam: North-Holland Publishing Company, 1977, pp. 7-29, by permission.

Paper prepared for the Kiel Conference on Growth without Inflation, June 22—
23, 1976; revised, August 1976. | would like to thank Gary Becker, Jacob Frenkel,
Don Patinkin, Thomas Sargent, and Jose Scheinkman for their comments and
suggestions.
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taking history as given.? A secondary consequence of this Revolution,
due more to Tinbergen than to Keynes, was a rapid increase in the
level of precision and explicitness with which aggregate economic
theories were formulated. As a result, Keynesian macroeconomics has
benefited from several decades of methodological improvement
whereas, from this technical point of view, the efforts of the business
cycle theorists appear hopelessly outdated.

Yet from another point of view, they seem quite modern. The
observation that macroeconomics is in need of a microeconomic foun-
dation has become commonplace, and though there is much confusion
about the nature of this need and about what it would mean to satisfy
it, it is likely that many modern economists would have no difficulty
accepting Hayek’s statement of the problem as roughly equivalent to
their own. Whether or not this is so, I wish in this essay to argue that
it should be so, or that the most rapid progress toward a coherent and
useful aggregate economic theory will result from the acceptance of
the problem statement as advanced by the business cycle theorists,
and not from further attempts to refine the jerry-built structures to
which Keynesian macroeconomics has led us.

Honoring one’s intellectual ancestors is a worthwhile aim in itself,
but there is a more immediate reason for interpreting the contemporary
search for a theoretically sound aggregative economics as a resumption
of the work of pre-Keynesian theorists. Accompanying the redirection
of scientific interest occasioned by the Keynesian Revolution was a
sharp change in the nature of the contribution to policy which econ-
omists hoped to offer and which the public has come largely to accept.
The effort to ““explain business cycles™ had been directed at identi-
fying institutional sources of instability, with the hope that, once
understood, these sources could be removed or their influence miti-
gated by appropriate institutional changes. The process envisaged was
the painfully slow one of public discussion and legislative reform; on
the other side, there was the hope of long-term or “*permanent’’ insti-
tutional improvement. The abandonment of the effort to explain
business cycles accompanied a belief that policy could effect imme-
diate, or very short-term, movement of the economy from an undesir-
able current state, however arrived at, to a better state.

The belief that this latter objective is attainable. and that the attempt
to come closer to achieving it is the only legitimate task of research
in aggregate economics is so widespread that argument to the contrary
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is viewed as ‘‘destructive,’’ a willful attempt to make life more difficult
for one’s colleagues who are only trying to improve the lot of mankind.
Yet the situation is symmetric. If the business cycle theorists were
correct, the short-term manipulation on which much of aggregative
economics is now focused only diverts attention from discussion of
stabilization policies which might actually be effective; such post-
ponement is, moreover, accompanied by the steady and entirely un-
derstandable erosion in the belief on the part of noneconomists that
aggregative economics has anything useful to say.

In the next section, I will review some of the main qualitative
features of the events we call business cycles, and then turn to the
Keynesian response to these facts, to the progress made along the line
Keynes and Tinbergen initiated, and finally to the severe limits to this
progress which have now become apparent. The remainder of the
essay will consider the prospects of accounting for cyclical phenomena
by an economic theory, in the narrow sense in which Hayek and other
business cycle theorists have used that term.

2

Let me begin to sharpen the discussion by reviewing the main quali-
tative features of economic time series which we call *‘the business
cycle.”” Technically, movements about trend in gross national product
in any country can be well described by a stochastically disturbed
difference equation of very low order. These movements do not exhibit
uniformity of either period or amplitude, which is to say, they do not
resemble the deterministic wave motions which sometimes arise in the
natural sciences. Those regularities which are observed are in the co-
movements among different aggregative time series.

The principal among these are the following.? (i) Output movements
across broadly defined sectors move together. (In Mitchell's termi-
nology, they exhibit high conformity; in modern time series language,
they have high coherence.) (ii) Production of producer and consumer
durables exhibits much greater amplitude than does the production of
nondurables. (iii) Production and prices of agricultural goods and nat-
ural resources have lower than average conformity. (iv) Business prof-
its show high conformity and much greater amplitude than other series.
(v) Prices generally are procyclical. (vi) Short-term interest rates are
procyclical; long-term rates slightly so. (vii) Monetary aggregates and
velocity measures are procyclical.
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There is, as far as [ know, no need to qualify these observations by
restricting them to particular countries or time periods: they appear to
be regularities common to all decentralized market economies. Though
there is absolutely no theoretical reason to anticipate it, one is led by
the facts to conclude that, with respect to the qualitative behavior of
co-movements among series, business cycles are all alike. To theo-
retically inclined economists, this conclusion should be attractive and
challenging, for it suggests the possibility of a unified explanation of
business cycles, grounded in the general laws governing market econ-
omies, rather than in political or institutional characteristics specific
to particular countries or periods.

I have omitted the behavior of foreign trade statistics from the above
catalogue of phenomena-to-be-explained, in part because, for a large
economy like the U.S., trade statistics do not exhibit high enough
conformity to be cyclically interesting. For a smaller country, to be
sure, export movements would do much to “‘explain’” cycles, but to
focus on open-economy explanations would, I think, beg the more
difficult and crucial question of the ultimate origins of cyclical
movements.

Also omitted, but too striking a phenomenon to pass over without
comment, is the general reduction in amplitude of all series in the
twenty-five years following World War II. At this purely descriptive
level, it is impossible to distinguish good luck from good policy. Never-
theless, so long a period of relative stability strongly suggests that
there is nothing inherent in the workings of market economies which
requires living with the level of instability we are now experiencing,
or to which we were subject in the pre-World War Il years. That is,
attempts to document and account for regular cyclical movements
need not be connected in any way to a presumption that such move-
ments are an inevitable feature of capitalist economies.

3

The implications of Keynesian macroeconomic models conform well
to the time series features reviewed above. Early versions (for ex-
ample, by Hicks, 1937, and Modigliani, 1944) fit well qualitatively: the
econometric models which developed from this theory and from Tin-
bergen’s largely independent early work® conform well quantitatively.
These models located the primary disturbances in investment behav-
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ior, linked via lags (in Tinbergen’s U.S. model) to the highly volatile
profit series. Movements in these high-amplitude series then induce
general movements in output and employment. Since these disturb-
ances were, in Hicks’ terms, “*IS shifts,”” they were consistent with
procyclically moving interest rates and velocity. The assumption of
rigid wages and prices was a good empirical first approximation. Later
on, a wage-price sector (still later called a Phillips curve) was added
to fit observed procyclical wage and price movements.®

In this description, movements in money play no important role in
accounting for cycles. This feature certainly did not result directly
from the theoretical models; Keynes, Hicks, and Modigliani all gave
great emphasis to monetary forces. The de-emphasis on money was
on empirical grounds: econometricians from Tinbergen on discovered
that monetary factors did not seem very important empirically.”

The empirical success of these developments was measured in an
original and historically apt way by Adelman and Adelman (1959) in
their simulation of the Klein-Goldberger model of the U.S. economy.
The Adelmans posed, in a precise way, the question of whether an
observer armed with the methods of Burns and Mitchell (1946) could
distinguish between a collection of economic series generated artifi-
cially by a computer programmed to follow the Klein-Goldberger equa-
tions and the analogous series generated by an actual economy. The
answer, to the evident éurprise of the Adelmans (and, one suspects,
of Klein and Goldberger, who had in no way directed their efforts to
meeting this criterion) was no.#%

This achievement signaled a new standard for what it means to
understand business cycles. One exhibits understanding of business
cycles by constructing a model in the most literal sense: a fully artic-
ulated artificial economy which behaves through time so as to imitate
closely the time series behavior of actual economics. The Keynesian
macroeconomic models were the first to attain this level of explicitness
and empirical accuracy; by doing so, they altered the meaning of the
term ‘‘theory’’ to such an extent that the older business cycle theories
could not really be viewed as “‘theories’ at all.

These models are not, however, ‘‘equilibrium theories™” in Hayek's
sense. Indeed, Keynes chose to begin the General Theory with the
declaration (for Chapter 1II is no more than this) that an equilibrium
theory was unattainable: that unemployment was not explainable as
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a consequence of individual choices and that the failure of wages to
move as predicted by the classical theory was to be treated as due to
forces beyond the power of economic theory to illuminate.

Keynes wrote as though the “‘involuntary’ nature of unemployment
were verifiable by direct observation, as though one could somehow
look at a market and verify directly whether it is in equilibrium or not.
Nevertheless, there were serious empirical reasons behind this choice,
for nowhere is the “‘apparent contradiction’’ between ‘‘cyclical phe-
nomena’’ and ‘‘economic equilibrium’ theory sharper than in labor
market behavior. Why, in the face of moderately fluctuating nominal
wages and prices, should households choose to supply labor at sharply
irregular rates through time? Most business cycle theorists had avoided
this crucial problem, and those who addressed it had not resolved it.
Keynes saw that by simply sidestepping this problem with the unex-
plained postulate of rigid nominal prices, an otherwise classical model
could be transformed into a model which did a fair job of accounting
for observed time series.

This decision on the part of the most prestigious theorist of his day
freed a generation of economists from the discipline imposed by equi-
librium theory, and, as 1 have described, this freedom was rapidly and
fruitfully exploited by macroeconometricians. Now in possession of
detailed, quantitatively accurate replicas of the actual economy, econ-
omists appeared to have an inexpensive means to evaluate various
proposed economic policy measures. It seemed legitimate to treat
policy recommendations which emerged from this procedure as though
they had been experimentally tested, even if such policies had never
been attempted in any actual economy.

Yet the ability of a model to imitate actual behavior in the way
tested by the Adelmans (1959) has almost nothing to do with its ability
to make accurate conditional forecasts, to answer questions of the
form: how would behavior have differed had certain policies been
different in specified ways? This ability requires invariance of the
structure of the model under policy variations of the type being stud-
ied. Invariance of parameters in an economic model is not, of course,
a property which can be assured in advance, but it seems reasonable
to hope that neither tastes nor technology vary systematically with
variations in countercyclical policies. In contrast, agents’ decision
rules will in general change with changes in the environment. An
equilibrium model is, by definition, constructed so as to predict how
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agents with stable tastes and technology will choose to respond to a
new situation. Any disequilibrium model, constructed by simply cod-
ifying the decision rules which agents have found it useful to use over
some previous sample period, without explaining w/hy these rules were
used, will be of no use in predicting the consequences of nontrivial
policy changes.

The quantitative importance of this problem is, of course, a matter
to be settled by examination of specific relationships in specific mod-
els. I have argued elsewhere® that it is of fatal importance in virtually
all sectors of modern macroeconomic models, primarily because of
the faulty treatment of expectations in these models. Rather than
review these arguments in detail, let me cite the most graphic illustra-
tion: our experience during the recent “‘stagflation.™

As recently as 1970, the major U.S. econometric models implied
that expansionary monetary and fiscal policies leading to a sustained
inflation of about 4 percent per annum would lead also to sustained
unemployment rates of less than 4 percent, or about a full percentage
point lower than unemployment has averaged during any long period
of U.S. history.!® These forecasts were widely endorsed by many
economists not themselves closely involved in econometric forecast-
ing. Earlier, Friedman (1968) and Phelps (1968) had argued, purely on
the basis of the observation that equilibritm behavior is invariant
under the units change represented by sustained inflation, that no
sustained decrease in unemployment would result from sustained in-
flation. In this instance, the policy experiment in question was, most
unfortunately, carried out, and its outcome is now too clear to require
detailed review.

It is important that the lesson of this episode not be lost. The issue
is much deeper than the addition of a few new variables to econo-
metric Phillips curves (though this is the only revision in macroeco-
nomic models which has followed from it). as Friedman made clear in
his Presidential Address. Friedman's argument did not proceed on the
basis of a specific aggregative model, with a better **wage-price sec-
tor’” than the standard models. On the contrary, it was based on a
general characteristic of economic equilibrium: the zero-degree hom-
ogeneity of demand and supply functions. Thus, without using any
very specific model, and without claiming the ability to forecast in any
detail the initial response of the economy to an inflation, one can. in
the case of sustained inflation. reason that, if the unemployment rate
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prior to the inflation were an equilibrium (or “"natural’’) rate. then the
same rate will be an equilibrium once the inflation is underway.

The case of sustained inflation is a relatively simple one (though
apparently not roo simple. as it is still highly controversial). For other
kinds of policy questions. one would need a more explicit model. How
would the variance. and other moments. of real output change if &
policy of 4 percent monetary growth were adopted? Under & balanced
budget fiscal rule? Under flexible rather than fixed exchange rates?
One can generate numerical answers to questions of this sort from
current macroeconomic models. but there is no reason for anvone to
take these numbers seriously. On the other hand. neither can quanti-
tative answers be obtained by purely theoretical reasoning. To obtain
them. one needs an explicit. equilibrium account of the business cycle.

4
I have summarized. in section 2. the main features of the cyclical
behavior in quantities and prices. In section 2. [ have argued the
practical necessity of accounting for these factors in equilibrium (that
Is. non-Keynesian) terms. That is. one would like a theory which
accounts for the observed movements in guantities (employment. con-
sumption. investment) &s an optimizing response to observed move-
ments in prices.

In the next section. I will describe the general point of view toward
individual decision making to be taken in the remainder of the paper.
and will explain. in particular. why the recurrent character of business
cycles is of central importance. Given this general view. I shall con-
sider in sections 6 and 7 the wav in which relarive price movements
induce fluctuations in employment and investment. Sections &. 9. and
10 examine the conditions under which these same quantity responses
may be triggered by movements in general. or nominal. prices. Not
surprisingly. the source of general price movements is located. in
section 11. in monetary changes.

5

The view of the prototypical individual decision problem taken by
modern capital theory is & useful point of departure for considering
behavior over the cycle. though it is in some respects highly mislead-
ing. An agent begins a period with stocks of various kinds of capital
accumnulated in the past. He faces rime paths of prices at which he
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can trade in the present and future. Based on his preferences over
time paths of labor supplied and goods consumed. he formulates a
plan. Under certainty. he is viewed as simply executing a single plan
without revision: with uncertainty. he must draw up a contingency
plan, sayving how he will react to unforeseeable events.

Even to begin to think about decision problems of this general form.
one needs to imagine a fairly precise view of the future in the mind of
this agent. Where does he get this view. and how can an observer infer
what it is? This aspect of the problem has received rather offhand
treatment in traditional capital theory. and no treatment at all in tra-
ditional macroeconomics. Since it is absolutely crucial for understand-
ing business cycles. we must pursue it here in some detail.

At a purely formal level. we know that a rational agent must for-
mulate a subjective joint probability distribution over all unknown
random variables which impinge on his present and future market
opportunities. The link between this subjective view of the future and
“reality’” is a most complex philosophical question. but the way it is
solved has little effect on the structure of the decision problem as seen
by an individual agent. In particular. any distinction between rypes of
randomness (such as Knight's (1921) distinction between “'risk™™ and
“‘uncertainty’’) is. at this level. meaningless.

Unfortunately. the general hypothesis that economic agents are
Bayvesian decision makers has. in many applications. little empirical
content: without some way of inferring what an agent’s subjective
view of the future is. this hypothesis is of no help in understanding his
behavior. Even psychotic behavior can be (and today. is) understood
as “‘rational.”” given a sufficiently abnormal view of relevant proba-
bilities. To practice economics. we need some way (short of psycho-
analysis. one hopes) of understanding whic/ decision problem agents
are solving.

John Muth (1961) proposed to resolve this problem by identifving
agents’ subjective probabilities with observed frequencies of the
events to be forecast. or with “"true’ probabilities. calling the assumed
coincidence of subjective and "“true’ probabilities rational expecta-
tions. Evidently. this hypothesis will not be of value in understanding
psvchotic behavior. Neither will it be applicable in situations in which
one cannot guess which. if any. observable frequencies are relevant:
situations which Knight!! called ““uncertainty.”” It will most likely be
useful in situations in which the probabilities of interest concern ¢



fairly well defined recurrent event, situations of "‘risk™ in Knight's
terminology. In situations of risk. the hypothesis of rational behavior
on the part of agents will have usable content. so that behavior may
be explainable in terms of economic theory. In such situations. ex-
pectations are rational in Muth's sense. In cases of uncertainty. eco-
nomic reasoning will be of no value.

These considerations explain why business c¢ycle theorists empha-
sized the recurrent character of the cyvcle. and why we must hope thev
were right in doing so. Insofar as business cycles can be viewed as
repeated instances of essentially similar events. it will be reasonable
to treat agents as reacting to cyclical changes as “‘risk.”” or to assume
their expectations are rational. that they have fairly stable arrange-
ments for collecting and processing information. and that they utilize
this information in forecasting the future in a stable way. free of
systematic and easily correctable biases.

6

In moving from these general considerations to more specific theory.
it will be helpful to consider as an example & ‘‘representative’” agent.!-
Imagine a single worker-producer. confronted each period with a given
market price for a good which he then makes to order. at a fixed rate
of output per hour. That is. he comes to his place of work. observes
his current selling price. determines how many hours to work that
day. sells his produce. then goes home to relax.

The good he receives in exchange for the effort is “"'money ": I shall
not be concerned with the historical reasons for this arrangement. but
simply take it for granted. This money. in turn. is spent on a wide
variety of goods. different from day to day. Some purchases he makes
on his way home. in an hour’'s break from work. or several days later.
I assume for now that he holds no other securities. [ assume also that
this agent lives in a cyvcle-free world. in which the general or average
level of prices does not change. though individual prices fluctuate from
day to day.

Now let us postulate an increase of 10 percent in today's selling
price. as compared to the average of past prices. How will this hy-
pothetical producer respond? The answer given by economic theory
must be: who knows? At this point. [ have said nothing which would
enable one to imagine what the producer thinks this price movement
means. If he believes the price change signals a permanent change in
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his selling price, we know from much evidence that he will work no
harder, and probably a little less hard. That is, we know that “‘long
run’’ (very unfortunate terminology, since the ‘‘long-run’’ response to
a permanent price change will be immediate) labor supply elasticities
are zero or negative.

What if, at the opposite extreme, the price change is transitory (as
would be the case if each period’s price were an independent drawing
from a fixed distribution)? The answer in this case amounts to knowing
the rate at which the producer is willing to substitute labor today for
labor tomorrow. If ‘“‘leisure’’ is highly substitutable over time, he will
work longer on high price days and close early on low price days.
Less is known about actual labor supply responses to transitory price
movements than about the ‘‘long-run’’ response, and what we do
know indicates that leisure in one period is an excellent substitute for
leisure in other, nearby periods. Systematic evidence at the aggregate
level was obtained by Rapping and myself (1970); Ghez and Becker
(1975) reached the same conclusion at a disaggregative level. The small
premiums required to induce workers to shift holidays and vacations
(take Monday off instead of Saturday, two weeks in March rather than
in August) point to the same conclusion, and this “‘casual’ evidence
is somewhat more impressive because of its probabilistic simplicity:
holidays are known to be transitory. On the basis of this evidence, one
would predict a highly elastic response to transitory price changes.

Before dealing with complications to this example, let us note its
promise for business cycle theory. I have described a producer who
responds to small price fluctuations with large fluctuations in output
and employment: exactly what we observe over the cycle. The de-
scription rests on economically intelligible substitution effects, not on
unintelligible ‘‘disequilibria.”” Yet let us go slowly: our aggregative
observations refer to co-movements of output and prices generally:
the example refers to relative price movements in a stationary
environment.

Before facing this difficult issue, let us consider some variations on
the example just considered. First, from a descriptive point of view,
it often seems more realistic to think of demand information being
conveyed to producers by quantity changes: new orders, inventory
rundowns, and the like. There seems to be no compelling substantive
reason to focus exclusively on prices as signals of current and future
demand. At this verbal level, it seems to me harmless and accurate to
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use the terms price increase and sales increase interchangeably. Some-
what surprisingly, however, rigorous analysis of equilibrium determi-
nation when producers set prices is extremely difficult. and no
examples relevant to business cycle behavior exist.

A second variation is easy to carry out. Rather than consider a
worker-entrepreneur. one could separate these functions. introduce
firms. and consider labor and product markets separately. In the pres-
ent context. this would introduce a distinction between wages and
prices, and raise the issue of risk-allocating arrangements between
employers and workers.!* It would also permit the studyv of possibly
different information sets for firms and workers. None of these ques-
tions is without interest. but all are. in my opinion. peripheral for
business cycle theory. Observed real wages are not constant over the
cycle. but neither do they exhibit consistent pro- or countercyclical
tendencies. This suggests that any attempt to assign systematic real
wage movements a central role in an explanation of business cycles is
doomed to failure. Accordingly. I will proceed as though the real wage
were fixed. using the terms "“wages™™ and “‘prices’ interchangeably.

Additional variations can be obtained by distinguishing among var-
ious uses of the worker-producer’s time when he is not working. Many
writers have attempted. for example. to interpret measured unemploy-
ment as time engaged in job search. Certainly. if one substitutes away
from work one substitutes info some other activity. and experience
shows that one’s belief in the importance of substitution is bolstered
by some plausible illustrations. Nevertheless. there is little evidence
that much time is spent in job search, that search is less costly when
unemployed than when emploved. or. for that matter. that measured
unemployment measures any activity at all. Economically. the impor-
tant issue is the magnitude of the elasticity of employment with respect
to transitory wage and price movements. not the reasons why that
elasticity is what it is.

Indeed. I suspect that the unwillingness to speak of workers in
recession as enjoying “leisure’’ is more a testimony to the force of
Keynes® insistence that unemployment is “‘involuntary’ than a re-
sponse to observed phenomena. One doesn’t want to suggest that
people like depressions! Of course. the hypothesis of a cleared labor
market carries with it no such suggestion. any more than the obser-
vation that people go hungry in cleared food markets suggests that
people enjoy hunger.
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More complex variations on this example arise when capital of various
kinds is introduced. Let us do this, retaining still the assumption of
stability over time in the general level of prices.

Three possibilities of interest arise. First, suppose that current pro-
duction can be stored as finished goods inventory. This possibility
seems to work against the account of price-output co-movements
sketched above. The producer will surely produce in low price periods
for sale later when price is high, smoothing labor supply relative to
the case where storage is precluded. On the industry level, however,
this behavior also dampens price movements. The net result is likely
to be a reduction in the elasticity of employment-production with
respect to price, and an increase in the real sales-price elasticity.

As a second possibility, suppose the producer can use a part of his
current production to acquire a machine which will raise his output-
per-hour in all future periods. As a third, suppose he can take a course
in school which will have the same effect. Since these two possibilities
do not differ economically, they may be considered as one. In the
example of purely transitory price movements, discussed earlier, it is
clear that neither of these options will ever be exercised—provided
the producer was satisfied with his original stock of capital. By the
time the new capital can_be applied to production, the price movement
which made it appear profitable will have vanished.

Current relative price movements will have their maximal effect on
capital accumulation when, at the opposite extreme, they are regarded
as permanent. In this case, however, as | have noted, employment
will be insensitive to price movements. Thus, to observe investment
and employment moving systematically in the direction of relative
price movements, it must be the case that such movements are a /ix
of transitory and permanent elements. In such a situation, the producer
will find himself obliged to engage in what engineers call “"signal
processing’": he observes a single variable (price) changing through
time: these movements arise from movements in more fundamental
variables (the transitory and permanent components of price) which
cannot be observed directly: from these observed price movements,
together with his knowledge of the relative importance of the two
unobserved sources of price change. he imperfectly infers the move-
ments in the two components. Based on his solution to this implied
conditional probability calculation. he takes a decision. Not surpris-
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ingly. the decision turns out to be an average of the decisions appro-
priate to the two extremes.

To recapitulate. our hypothetical producer is taken to face stochastic
price variability, which is describable as a mix of transitory and per-
manent components. both unobserved. His optimal response to price
movements depends on two factors: the way he interprets the infor-
mation contained in these changes. and his preferences concerning
intertemporal substitution of leisure and consumption. Under assump-
tions consistent with rational behavior and available evidence. his
response to an unforeseen price increase is a sizable increase in labor
supplied. a decline in finished goods inventory. and an expansion in
productive capital accumulation of all kinds. This behavior is svm-
metric: the responses to price decreases are the opposite.'*

8
[t is time to think of situating this representative producer in an
economy comprised of similar agents., though of course producing
different goods and subject to different individual price movements.
To do this. one must go behind price movements to the changes in
technology and taste which underlie them. These changes are occur-
ring all the time and. indeed. their importance to individual agents
dominates by far the relatively minor movements which constitute the
business cvcle. Yet these movements should. in general. lead to rel-
ative. not general price movements. A new technology. reducing costs
of producing an old good or making possible the production of a new
one. will draw resources into the good which benefits, and away from
the production of other goods. Taste shifts in favor of the purchase of
one good involve reduced expenditures on others. Moreover. in a
complex modern economy. there will be a large number of such shifts
in any given period. each small in importance relative to total output.
There will be much “"averaging out’” of such effects across markets.
Cancellation of this sort is. I think. the most important reason why
one cannot seek an explanation of the general movements we call
business cycles in the mere presence. per se. of unpredictability of
conditions in individual markets. Yet this argument is not entirely
tight. It is surely possible for a large number of agents spontaneously
to feel an urge to increase their work weeks and expand investments.
More seriously. there have been many instances of shocks to supply
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which affect all, or many, sectors of the ecconomy simultaneously.
Such shocks will not cancel in the way | have described, and they will
induce output fluctuations in the aggregate. They will not, however,
lead to movements which fit the description sketched in section I1: all
supply shifts will lead to countercyclical price movements (other things
being equal) in contrast to the procyclical movements we observe.

It is, then, possible to situate our hypothetical producer in a general
equilibrium setting, in which his price and output fluctuate, yet aggre-
gate levels do not. His responses to these relative prices movements
will mimic the aggregate responses to general price movements which
constitute the business cycle. We have then a coherent model, but not
one which as yet accounts for the general phenomena to be explained.
This model can, without difficulty, be modified to permit general,
supply-induced output fluctuations, but these bear no resemblance to
the modern business cycle.

Before leaving this world of stable aggregates, it is worth stressing
that most of the risk which troubles and challenges economic agents
would be present in such a setting. Will consumers take to a novel
automobile design, or will it become a national joke? Will a dozen
years of training in piano lead to the concert stage, or just a pleasurable
hobby? Will this week’s overtime wages help finance a child's edu-
cation, or tide the family over next month’s strike? By the time one
has acquired the information necessary to resolve questions like these,
it is too late: one way or the other, one is committed.

Compared to risks of this nature and magnitude, the question of
whether the hours actually worked in the year ahead will be 1.03 times
what one plans for now, or .97, seems a minor one, and seems SO
because it is. In aggregative economic theory, we are accustomed to
think of business cycles as a kind of risk imposed on an otherwise
stable environment. Such habits of thought reflect the transfer of
abstractions useful for some purposes into contexts where they involve
fatal distortions of reality.

9

Let us now drop the assumption of stability in average prices. From
the point of view of the individual producer, this involves only a slight
change in the nature of the signal processing problem which must be
solved. Before, a given movement in his “"own price’” could mean a
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permanent relative price change or a transitory one. Now, it can also
mean that all prices are changing. a situation which. if correctly di-
agnosed. would lead to no real response on the producer’'s part. Yet,
for the same reason that permanent and transitory relative price move-
ments cannot be sorted out with certainty at the time. neither can
relative and general movements be distinguished. General price in-
creases. exactly as will relative price increases. will induce movements
in the same direction in employment and investment.

Unlike the responses to taste and technology changes described
earlier, these responses to general price increases will not tend to
cancel over markets. To be sure. some producers will observe declines
in demand even during price expansions. but more will observe in-
creases (this 1s what a general price increase means). and therefore
more will be expanding in real terms than will be contracting. The net
effect will be co-movements in prices. output. and investment at the
aggregate level. just as is observed over the actual cvcle.

It is essential to this argument that general price movements not be
perceived as such as they are occurring. Within the context of the
aggregative models ordinarily used. this assumption may seem im-
plausible: how could traders not know the price of goods? In the
reality of a multi-commodity world. however. no one would want to
observe all prices every day. nor would many traders find published
price indices particularly useful. An optimizing trader will process
those prices of most importance to his decision problem most fre-
quently and carefully. those of less importance less so. and most prices
not at all. Of the many sources of risk of importance to him. the
business cycle and aggregate behavior generally is, for most agents.
of no special importance. and there is no reason for traders to spe-
cialize their own information systems for diagnosing general move-
ments correctly.

By the same reasoning. one can see that sustained inflation will not
affect agents’ real decisions in the way that transitory price movements
do. Nothing is easier than to spot and correct systematic bias in
forecasts. Such corrections involve no changes in agents’ information
systems or in the costs of processing information. There may. of
course, be some lag in diagnosing sustained inflation for what it is:
about as often. agents will incorrectly perceive a transitory inflation
as though it were sustained.
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Changes in the degree of price vanability will have more fundamen-
tal effects on agents’ information processing behavior. because they
affect the ““weights™ placed on price information in forecasting future
prices. The general idea is that one trusts ““noisy’" price signals less.

10

The aggregate or average response to general price movements be-
comes more complex as one considers investment as well as employ-
ment responses. Investment decisions will be distorted by general
price movements, for the same reasons as will employment, and in the
same direction as the responses induced by relative price movements.

Further complications follow. however. from the observation that
current investment affects future capacity, and hence future prices.
This effect can be seen to extend in time. perhaps even to amplify.
the initial effects of general price movements.

To spell this out in more detail. imagine that some event occurs
which would, if correctly perceived by all, induce an increase in prices
generally. Sooner or later. then. this adjustment will occur. Initially.
however, more traders than not perceive a relative price movement,
possibly permanent, in their favor. As a result, employment and in-
vestment both increase. Through time. as price information diffuses
through the economy, these traders will see they have been mistaken.
In the meantime. however, the added capacity rerards price increases
generally, postponing the recognition of the initial shock. In this way.
unsystematic or short-term shocks to prices can lead to much longer
swings in prices.

In addition, there is a downturn automatically built in to this expan-
sion of capacity. When recognition of general inflation does occur,
investment will have to become less than normal for a time while
capacity readjusts downward. There is no reason to expect this read-
Jjustment to come rapidly. or to be describable as a “*crash,”” or ““bust.”

This scenario, like the earlier description of the employment re-
sponse, depends crucially on the confusion on the part of agents
between relative and general price movements. This is especially clear
in the case of investment, since optimal investment policy has a great
deal of ““smoothing’" built into it: since investment is a long-term
commitment, it will respond only to what seem to be relatively per-
manent relative price shifts.



232 Understanding
Business Cycles

This ohservation has led, on serious grounds, to skepticism as to
the importance of accelerator effects in the business cycle. How can
moderate cyclical movements in prices lead to the high-amplitude
movements in durable goods purchases which are observed? Here
again, one must insist on the minor contribution of economy-wide risk
to the general risk situation faced by agents. For individual investment
projects, rates of return are highly variable, often negative, and often
measured in hundreds of percent. A quick, current response to what
seems to others a weak ‘‘signal’’ is often the key to a successful
investment. The agent who waits until the situation is clear to everyone
is too late; someone else has already added the capacity to meet the
high demand. What appears, at the aggregate level, to be a high-
amplitude response pattern to low-amplitude shocks is, at the level at
which decisions are made, a high-amplitude response to still higher
amplitude movements in returns to individual investments.s

1"

I began section 2 with a definition of business cycles as repeated
fluctuations in employment, output, and the composition of output,
associated with a certain typical pattern of co-movements in prices
and other variables. Since in a competitive economy, employment and
output of various kinds are chosen by agents in response to price
movements, it seemed appropriate to begin by rationalizing the ob-
served quantity movements as rational or optimal responses to ob-
served price movements. This has been accomplished in the preceding
five sections. I turn next to the sources of price movements.

For explaining secular movements in prices generally, secular move-
ments in the quantity of money do extremely well. This fact is as well
established as any we know in aggregative economics, and is not
sensitive to how one measures either prices or the quantity of money.'¢
There is no serious doubt as to the direction of effect in this relation-
ship; no one argues that the anticipation of sixteenth-century inflation
sent Columbus to the New World to locate the gold to finance it. This
evidence has no direct connection to business cycles, since it refers
to averages over much longer periods, but the indirect connections are
too strong to be ignored: we have accounted for the pattern of co-
movements among real variables over the cycle as responses to general
price movements; we know that, in the “‘long run,” general price
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movements arise primarily from changes in the quantity of money.
Moreover, cyclical movements in money are large enough to be quan-
titatively interesting. All these arguments point to a monetary shock
as the force triggering the real business cycle.

The direct evidence on short-term correlations between money,
output, and prices is much more difficult to read. Certain extreme
episodes appear to indicate that depressions and recoveries are money-
induced.!” In general, however, the link between money and these
and other variables is agreed to be subject, in Friedman’s terms, to
“‘long and variable lags.”

Paradoxically, this weakness in the short-term evidence linking
money to economic activity, and in particular to prices, is encouraging
from the point of view of monetary business cycle theory. To see why,
recall the theoretical link between general price movements and eco-
nomic activity as sketched above. This connection rested on the hy-
pothesis that the signal processing problem of identifying general price
movements from observations of a few individual prices was roo dif-
ficult to be solved perfectly by agents. Now suppose it were true that
one could describe short-term general price movements by a simple,
fixed function of lagged movements in some published monetary ag-
gregate. Then, far from being difficult, the signal processing problem
to be solved by agents would be trivial; they could simply observe
current monetary aggregates, calculate the predicted current and fu-
ture price movements they imply, and correct their behavior for these
units changes perfectly. The result would be a very tight relationship
between money and prices, over even very short periods, and no
relationship at all between these movements and changes in real
variables.

These remarks do not, of course, explain why monetary effects
work with long and variable lags. On this question little is known. It
seems likely that the answer lies in the observation that a monetary
expansion can occur in a variety of ways, depending on the way the
money is ‘‘injected’’ into the system, with different price response
implications depending on which way is selected. This would suggest
that one should describe the monetary ‘‘state’” of the economy as
being determined by some unobservable monetary aggregate, loosely
related to observed aggregates over short periods but closely related
secularly.
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Let me recapitulate the main features of the business cycle theory
sketched in the preceding sections. We began by imagining an econ-
omy with fluctuating tastes and technology, implying continually
changing relative prices, and studied the co-movements in quantities
and prices which would emerge if agents behaved in their own interest
and utilized their incomplete information effectively. We then super-
imposed on this economy sizable, unsystematic movements in a mon-
etary aggregate, adding an additional source of ““noise’" to individual
price movements. The result is to generate a pattern of co-movements
among aggregate series which appears to match the observations sum-
marized in section 2.

In retrospect, this account seems rather embarrassingly simple: one
wonders whv it seems to be necessary to undo a Revolution to arrive
at it. Yet one must be careful not to overstate what has, in fact, been
arrived at. I think it is fairly clear that there is nothing in the behavior
of observed economic time series which precludes ordering them in
equilibrium terms, and enough theoretical examples exist to lend con-
fidence to the hope that this can be done in an explicit and rigorous
way. To date, however, no equilibrium model has been developed
which meets these standards and which, at the same time, could pass
the test posed by the Adelmans (1959). My own guess would be that
success in this sense is five, but not twenty-five years off.!8

The implications for economic policy of a successful business cycle
theory of the sort outlined here are, I think, easy to guess at even
when the theory itself is in a preliminary state. Indeed, much of the
above is simply an attempt to understand and make more explicit the
implicit model underlying the policy proposals of Henry Simons, Mil-
ton Friedman, and other critics of activist aggregative policy. By
seeking an equilibirum account of business cycles, one accepts in
advance rather severe limitations on the scope of governmental coun-
tercyclical policy which might be rationalized by the theory. Insofar
as fluctuations are induced by gratuitous monetary instability, serving
no social purpose, then increased monetary stability promises to re-
duce aggregate, real variability and increase welfare. There is no
doubt, however, that some real variability would remain even under
the smoothest monetary and fiscal policies. There is no prima facie
case that this residual variability would be better dealt with by cen-
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tralized, governmental policies than by individual, decentralized
responses. '’

In view of this lack of novelty in the realm of policy, it seems a fair
question to ask: why do we need the theory? The general answer, |
think, is that in a democratic society it is not enough to believe oneself
to be right; one must be able to explain why one is right. We live in
a society in which the unemployment rate fluctuates between, say, 3
and 10 percent. It follows that both situations are attainable, and it is
clear that most people are happier at three than at ten. It is also clear
that government policies have much to do with which of these situa-
tions prevails at any particular time. What could be more natural,
then, than to view the task of aggregative economics as that of dis-
covering which policies will lead to the more desirable situation, and
then advocating their adoption? This was the promise of Keynesian
economics, and even now, when the scientific emptiness of this prom-
ise i1s most evident, its appeal is understandable to all who share the
hope that social science offers more than elegant rationalization of the
existing state of affairs.

The economically literate public has had some forty years to become
comfortable with two related ideas: that market economies are inher-
ently subject to violent fluctuations which can only be eliminated by
flexible and forceful governmental responses; and that economists are
in possession of a body of scientifically tested knowledge enabling
them to determine, at any time, what these responses should be. It is
doubtful if many who are not professionally committed hold, today,
to the latter of these beliefs. This in itself settles little in the dispute
as to whether the role of government in stabilization policy should be
to reduce its own disruptive part or actively to offset private sector
instability. As long as the business cycle remains “‘in apparent contra-
diction™ to economic theory, both positions appear tenable. There
seems to be no way to determine how business cycles are to be dealt
with short of understanding what they are and how they occur.

Notes

1. Hayek (1933), p. 33n.
2. Hayek (1933), p. 42n.

3. This redirection was conscious and explicit on Keynes' part. See, for
example, the first sentence of his chapter on the trade cycle. **Since we claim
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to have shown in the preceding chapters what determines the volume of
employment at any time, it follows, if we are right, that our theory must be
capable of explaining the phenomena of the trade cycle’ (1936), p. 313.

4. The features of economic time series listed here are, curiously, both **well
known’’ and expensive to document in any careful and comprehensive way.
A useful, substantively oriented introduction is given by Mitchell (1951), who
summarizes mainly interwar, U.S. experience. The basic technical reference
for these methods is Burns and Mitchell (1946). U.S. monetary experience is
best displayed in Friedman and Schwartz (1963). An invaluable source for
earlier British series is Gayer, Rostow, and Schwartz (1953), esp. Vol. II. The
phenomena documented in these sources are, of course, much more widely
observed. Most can be inferred, though with some difficulty, from the esti-
mated structure of modern econometric models. An important recent contri-
bution is Sargent and Sims (1976), which summarizes postwar U.S. quarterly
series in several suggestive ways, leading to a qualitative picture very close
to that provided by Mitchell, but within an explicit stochastic framework, so
that their results are replicatable and criticizable at a level at which Mitchell’s
are not.

5. For example, see Tinbergen (1939). This work was not explicitly Keynesian;
indeed, it was conceived as an empirical complement to Haberler’s review
and synthesis of theoretical work on business cycles (1936). Keynes, on his
part, was actively hostile toward Tinbergen’s work. See Moggridge (1973),
pp. 285-320. In referring to those who built in part on Tinbergen’s work as
“*Keynesian’’ 1 am, then, contributing to the continuation of an historical
injustice.

6. Klein and Goldberger (1955).

7. Tinbergen (1939), pp. 183-185. Tinbergen, as did most subsequent macroe-
conometricians, used the significance of interest rates to test the importance
of money.

8. It is not correct that a search for ‘'good fits’” would have led to a model
satisfying the Adelmans’ criteria; think of fitting polynomials in time to ‘‘ex-
plain’’ each series over the sample period.

9. Lucas (1976).
10. Hirsch (1972), de Menil and Enzler (1972).

11. Knight (1921). I am interpreting the risk-uncertainty distinction as referring
not to a classification of different types of individual decision problems but to
the relationship between decision maker and observer.

12. Many of the arguments in this and subsequent sections have been devel-
oped more explicitly elsewhere. The closest single parallel treatment is in
Lucas (1975). See also Phelps, et al. (1970), Barro (1976), Sargent and Wallace
(1975), Sargent (1976). In what follows, I will not document particular argu-
ments, nor will I attempt to apportion credit (or blame) for ideas discussed.

o
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13. One such arrangement is the practice of ‘‘laying off”” workers. See Aza-
riadis (1975).

14. What is happening to consumption expenditures as these employment and
investment responses take place? In his critique of equilibrium business cycle
models, Grossman (1973) argues that consumption must necessarily move in
the opposite direction from labor supplied. Since this is not what is in fact
observed over the cycle, it would indeed be a serious paradox if a negative
correlation were a consequence of utility theory. One can derive it for special
cases (see Lucas, 1972, Fig. 1) but this implication is certainly not a general
fact for optimizing households; it does not, for example, follow from Rapping’s
and my (1970) theory or from that of Ghez and Becker (1975, ch. 4).

15. ‘*Austrian’’ or ‘‘monetary-over-investment’  business cycle theory (see
Haberler 1936, or Hayek, 1933) was based on this same idea of mistaken
investment decisions triggered by spurious price signals. However, the price
which this theory emphasized was the rate of interest, rather than product
prices as stressed here. Given the cyclical amplitude of interest rates, the
investment-interest elasticity needed to account for the observed amplitude in
investment is much too high to be consistent with other evidence.

16. Friedman and Schwartz (1963).
17. Again, see Friedman and Schwartz (1963).

18. Proceeding further out on this limb, it is likely that such a ““successful”’
model will be a close descendant of Sargent’s (1976).

19. That is to say, active countercyclical policy would require the same kind
of cost-benefit defense used in evaluating other types of government policies.
See Phelps (1972), and also Prescott’s review (1975).
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The U.S. unemployment rate was certainly too high in 1975, and most
economists would agree that it is too high today. It will also be agreed
that this observation poses a problem for public policy (in a sense that
the observation that winters in Chicago are ‘‘too cold’’ does not). But
what exactly is meant by the statement that unemployment is "‘too
high,”” and what is the nature of the policy problem it poses? This
question can be answered in more than one way, and the answer one
chooses matters a great deal.

One common answer to this question is that there exists a rate of
unemployment—call it “‘full employment’—which can and should
serve as a ‘‘target’’ for economic policy. Unemployment above this
rate is regarded as being of a different character from the “‘frictional™
unemployment required to match workers and jobs efficiently, and is
treated from a welfare point of view as waste, or deadweight loss.
Elimination of this waste is an objective of monetary, fiscal, and
perhaps other policies. In the first part of this paper, I will argue that
this way of posing the issue does not lead to an operational basis for
unemployment policy, mainly on the ground that economists have no
coherent idea as to what full employment means or how it can be
measured.

An alternative view, prevalent prior to the Great Depression and
enjoying something of a revival today, treats fluctuations in unem-

Reprinted from American Economic Review: Papers and Proceedings 68 (May

1978):353-357 by permission.
| am very grateful for criticism of an earlier draft by Jacob Frenkel, Sherwin

Rosen, and Jose Scheinkman.
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ployment and other variables as posing a policy problem. On this
view, the average (or natural, or equilibrium) rate of unemployment
is viewed as raising policy issues only insofar as it can be shown to be
“*distorted”” in an undesirable way by taxes, external effects, and so
on. Nine percent unemployment is then viewed as too high in the same
sense that 2 percent is viewed as ‘‘too low’’: both are symptoms of
costly and preventable instability in general economic activity. In the
concluding part of this paper, 1 will sketch the approaches to unem-
ployment policy which are suggested by this alternative view and some
which are not.

1 Full Employment: Definition and Measurement

The idea that policy can and should be directed at the attainment of
a particular, specifiable level of the measured rate of unemployment
(as opposed to mitigating fluctuations in unemployment) owes it wide
acceptance to John Maynard Keynes’ General Theory. It is there
derived from the prior hypothesis that measured unemployment can
be decomposed into two distinct components: ‘‘voluntary’ (or fric-
tional) and “‘involuntary,”” with full employment then identified as the
level prevailing when involuntary unemployment equals zero. It seems
appropriate, then, to begin by reviewing Keynes' reasons for intro-
ducing this distinction in the first place.

Keynes (ch. 2, p. 7) classifies the factors affecting equilibrium em-
ployment in a real general equilibrium theory: the mechanics of match-
ing workers to jobs, household labor-leisure preferences, technology,
and the composition of product demand. Is it the case, he asks, that
spontaneous shifts in any of these four real factors can account for
employment fluctuations of the magnitude we observe? Evidently, the
answer is negative. It follows that two kinds of theory must be needed
to account for observed unemployment movements: granted that real
general equilibrium theory may account for a relatively constant, pos-
itive component, some other theory is needed for the rest.

Accepting the necessity of a distinction between explanations for
normal and cyclical unemployment does not, however, compel one to
identify the first as voluntary and the second as involuntary, as Keynes
goes on to do. This terminology suggests that the key to the distinction
lies in some difference in the way two different types of unemployment
are perceived by workers. Now in the first place, the distinction we
are after concerns sources of unemployment, not differentiated types.
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It is, to be sure. possible to write down theoretical models in which
households are faced with an ““hours constraint™ limiting the hours
they can supply at “"the’ prevailing wage, and in which, therefore.
there is a clear distinction between the hours one can supply and the
hours one would like to supply. Such an exercise is frequently moti-
vated as an attempt to “explain involuntary (or Keynesian) unem-
ployment.”” This misses the point: involuntary unemployment is not
a fact or a phenomenon which it is the task of theorists to explain. It
is. on the contrary, a theoretical construct which Keynes introduced
in the hope that it would be helpful in discovering & correct explanation
for a genuine phenomenon: large-scale fluctuations in measured. total
unemployment. Is it the task of modern theorstical economics to
“explain’’ the theoretical constructs of our predecessors. whether or
not they have proved fruitful? [ hope not. for a surer route to sterility
could scarcely be imagined.

In summary, it does not appear possible. even in principle. to clas-
sify individual unemployed people as either voluntarily or involuntarily
unemployed depending on the characteristics of the decision problems
they face. One cannot, even conceptually. arrive at a usable definition
of full employment as a state in which no involuntary unemployvment
exists.

In practice. I think this fact has been recognized for some time.
Estimates of full employment actually in use have been obtained using
aggregate information rather than data on individuals. As recently as
the 1960°s it was widely believed that there was some level of aggregate
unemployment with the property that when unemployment exceeded
this rate, expansionary monetary and fiscal measures would be non-
inflationary. while at rates below this critical level they would lead to
inflation. One could then identify unemployment rates at or below this
full-employment level as frictional or voluntary. and unemployment in
excess of this level as involuntary. It was understood that only un-
employment of the latter type posed a problem curable by monetary
or fiscal policy. As Walter Heller wrote. "Gone is the countercyclical
syndrome of the 1950's. Policy now centers on gap closing and growth.,
on realizing and enlarging the economy’s non-inflationary potential ™’
(Preface). Later, Heller refers to "“the operational concepts of the
‘production gap,” ‘full-employment surplus.” the ‘fiscal drag.” and "fis-
cal dividends™ ™" (p. 18).

For the purpose of calculating the production gap to which Heller
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referred. it makes little difference whether the voluntary-involuntary
terminology accurately reflects differences in the way unemployed
people view their situations. The issue here is rather whether there
exists an aggregate rate of unemployment (on the order of 4 or 5
percent) which is of use in measuring an economy’s noninflationary
potential. If there were, then objections of the sort I have raised above
could be dismissed as merely terminological: if one objected to calling
unemployment above the designated full-employment level involun-
tary, one could call it something else. perhaps wasteful or unnecessary.

The last ten years have taught us a great deal about this operational
concept of a production gap. In 1975, the U.S. economy attained the
combination of 9 percent inflation and an unemployment rate of 9
percent. Applying the concept of a production gap to these numbers,
does one conclude that the noninflationary potential of the U.S. econ-
omy is associated with unemployment rates in excess of 9 percent?
Does one redefine 9 percent inflation to be noninflationary? Or can the
entire episode be somehow pinned on oil prices?

I have reviewed two possible routes by which one might hope to
give the term full employment some operational significance. One was
to begin at the individual worker level. classifying unemployment into
two types. voluntary and involuntary. count up the number classed as
voluntary. and define the total to be the unemployment level associated
with full employment. A second was to determine the operating char-
acteristics of the economy at different rates of unemployment. and
then to define full employment to be the rate at which inflation rates
are acceptable. Neither of these approaches leads to an operational
definition of full employment. Neither yields a coherent view as to
why unemployment is a problem, or as to the costs and benefits
involved in economic policies which affect unemployment rates. The
difficulties are not the measurement error problems which necessarily
arise in applied economics. They arise because the ““thing™ to be
measured does not exist.

2 Beyond Full-Employment Policy

Abandoning the constraint that any discussion of unemployment must
begin first by drawing the voluntary-involuntary distinction and then
thinking in separate ways about these two types of unemployment
will. T think, benefit both positive and normative analysis. Practicing
social science is hard enough without crippling oneself with dogmatic
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constraints. A terminology which precludes asking the question: “*Why
do people choose to take the actions we see them taking. instead of
other actions they might take instead” " precludes any serious thinking
about behavior at all.

Whether or not the body of work stemming from the Edmund Phelps
volume. and earlier work of George Stigler. John McCall and others.
has produced all the right answers about the determinants of employ-
ment and unemployment. it has at least begun to pose some of the
right questions. By treating all unemployment as voluntary. this work
has led to the examination of alternative arrangements which firms
and employees might choose to adopt for dealing with fluctuations in
product demand, and their reasons for choosing to react to such fluc-
tuations in the way we observe them doing. Pursuit of this question
has indicated both how very difficult it is. and even more so how much
economics was swept under the rug by “explaining involuntary un-
employment’” by incompetent auctioneers or purely mechanical wage
and price equations.

Practicing normative macroeconomics without the construct of full
employment does take some getting used to. One finds oneself slipping
into such sentences as: “*There is no such thing as full employment.
but I can tell you how it can be attained.”” But there are some im-
mediate benefits. First. one dispenses with that entire meaningless
vocabulary associated with full employment. phrases like potential
output. full capacity. slack. and so on. which suggested that there was
some technical reason why we couldn’t all return to the 1890 work-
week and produce half again the GNP we now produce. Second. one
finds to one’s relief that treating unemployment as a voluntary re-
sponse to an unwelcome situation does not commit oneself to nor-
mative nonsense like blaming depressions on lazy workers.

The effect it does have on normative discussion is twofold. First.
it focuses discussion of monetary and fiscal policy on stabilization, on
the pursuit of price stability and on minimizing the disruptive effects
of erratic policy changes. Some average unemployment rate would. of
course, emerge from such a policy but as a by-product. not as a
preselected target. Second. by thinking of this natural rate as an equi-
librium emerging from voluntary exchange in the usual sense. one can
subject it to the scrutiny of modern methods of public finance.

To take one example. as the level of unemployment compensation
is varied. an entire range of average unemployment rates, all equally
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“natural.’’ is available to society. At one extreme. severe penalties to
declaring oneself unemployed could reduce unemployvment rates to
any desired level. Such a policy would result in serious real output
losses. as workers retain poor jobs too long and accept poor jobs too
readilv. An output-maximizing unemployment compensation scheme
would. with risk-averse workers. involve a subsidy to being unem-
ploved. else workers retain a poor but relatively sure current wage in
preference to the riskier but. on average. more productive return to
seeking a new job. In view of the private market's inability to provide
sufficient insurance against unemployment risk. still further gains in
expected utility could be expected by still higher unemployment com-
pensation. resulting in a deliberate sacrifice in real output in exchange
for a preferred arrangement for allocating risk.® Notice that as one
traces out tradeoffs of this sort. the issue of slack or waste does not
arise. Different policies result in different levels of real output. but
output increases are necessarily obtained at the expense of something
else. Whether any particular level of unemployment compensation is
too high or too low is a difficult issue in practice. but it is one that
cannot be resolved simply by observing that other. unemployment
reducing. compensation levels are teasible.

The policy problem of reducing business cycle risk is a very real
and important one. and one which I believe monetary and fiscal poli-
cies directed at price stability would go a long way toward achieving.
The problem of finding arrangements for allocating unemployment
risks over individuals in a satisfactory way is also important. and can
be analvzed by the methods of modern welfare economics. The pursuit
of a full-employment target which no one can measure or even define
conceptually cannot be expected to contribute to the solution of either
problem.

Notes

1. Given the time-consuming nature of job search and the element of luck
involved in finding a good "match.”” there is a capital-like element in most
jobs. With job-specific human capital. the capital loss involved in job (or
employvee) loss 1s increased.

2. These observations refer to easily verified features of any sizable labor
market. Aggregate statistics on unemployment or on listed vacancies do not
bear on their accuracy. since listing oneself as unemployed does not imply
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1 Introduction

1 take the purpose of this session to be to elicit views on economic
policy from economists of different points of view. The particular title
of the session, “*“Macroeconomic Policy, 1974/75: What Should Have
Been Done? " does not seem to me useful for this purpose, as I will
explain below, so I will adopt a somewhat different approach. 1 will
begin by stating a variation on the policy proposals advanced by Milton
Friedman in "*A Monetary and Fiscal Framework for Economic Sta-
bility™" (1948) and A Program for Monetary Stability (1959). After
some speculations on why the Friedman program has had so limited
an impact,’ 1 will identify and discuss some recent developments
suggesting that its acceptance and influence may be greater in the near
future. The paper concludes with an assessment of the case for the
Friedman program as it stands today, a brief discussion of problems
of transition, and some concluding remarks.

In centering the discussion around a proposal Friedman formulated.
in its essentials, thirty years ago. I run an admitted risk of locking
myself and others into positions we may have taken up years ago and
not rethought seriously since. The alternative strategy of repackaging
this proposal in more current language is one I find distasteful. and,

Reprinted from Rational Expectations and Economic Policy, ed. Stantey Fischer,
Chicago: The University of Chicago Press, 1980, pp. 199-210, by permission of The
University of Chicago Press. Copyright 1980 by The University of Chicago Press.

The revision has benefited from the suggestions of Stanley Fischer, Milton Fried-
man, and Robert Weintraub.
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in any case, it would quickly be found out. I will begin, then, on
familiar ground and, for the most part, remain there.

A set of aggregative policies which would, I believe, lead and have
led to satisfactory general economic performance are described:

1. a 4% annual rate of growth of M1, maintained as closely as possible
on a quarter-to-quarter basis;

2. a pattern of real government expenditures and transfer payments,
varying secularly but not in response to cyclical changes;

3. a pattern of tax rates, also varying secularly but not in response to
cyclical changes in economic activity, set to balance the federal budget
on average;

4. a clearly announced policy that wage and price agreements privately
arrived at will not trigger governmental reactions of any kind (aside
from standard antitrust policies and the general policy of government
preference for low over high bids).

The first three of these policy rules are taken directly from Friedman's
writings.? The fourth is simply a recognition of the fact that, since the
time Friedman’s proposals were originally formulated, intervention in
the details of private price and wage negotiations has ceased to be
viewed as an emergency measure so that a position on the generally
accepted aspects of aggregative policy cannot omit mention of this.

In restating these recommendations, I have tried to follow Friedman
in being concrete and operational concerning exactly which policies
are being advocated. Under the principle that natura non facit saltum,
these particular policies must have neighbors that would have nearly
the same consequences, and one would certainly like to have an
analytical framework within which one could assess the consequences
of variations on them. The provision of such a framework is far beyond
the scope of the present paper. I will proceed, instead, in an entirely
different direction: first by recalling some of the main features of the
intellectual environment, both within and without our profession, into
which Friedman’s framework was introduced and then by tracing
some of the changes since in this environment.

2 The Employment Act of 1946
The dominant events influencing the minds of the intended readers of
Friedman's ‘*Framework’™ were the Great Depression of the 1930s
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and the “‘prosperity’’ (as measured by unemployment rates) of the
Second World War. It is difficult to imagine a sequence of events that
could more forcefully illustrate both the costs of high unemployment
and the ability of government policy to affect unemployment. In all
capitalist countries, this “‘lesson’’ had profound influences on policy.
In the United States, it was embodied in the Employment Act of 1946.

To some contemporaries, the Employment Act was “‘a weak and
meaningless wraith’” (Bailey 1950, p. 253), and in some respects it is
easy to see why. The act granted the executive no powers which had
not been fully assumed during the New Deal period preceding, nor did
it specify either the economic targets to be achieved or the policy tools
to be utilized. The act did, however, require the executive in very
explicit terms to forecast the state of the economy in the coming year
and to prescribe policies designed to alter this state in a desirable
direction. Moreover, it was clear in specifying exactly where the ex-
pertise required to carry out this task could be found: The Council of
Economic Advisors was established by the act as the channel by which
this expertise could be brought to bear on practical policy.

It would be a difficult and subtle task to trace the effects of the
Employment Act on the policy performance of the U.S. government
in the postwar years. There is nothing subtle, however, in the effects
of the act (or of the events immediately preceding it) on the practice
of monetary economics in the postwar period. Renamed muacroeco-
nomics, this subdiscipline defined itself to be that body of expertise
the existence of which was presupposed in the Employment Act, and
its practitioners devoted themselves to the development and refine-
ment of forecasting and policy evaluation methods which promised to
be of use in the annual diagnosis-prescription exercise called for by
the act.

In many respects, the assumption of this rather specific, applied
role had a very healthy effect on monetary economics. The set of
common, agreed-upon substantive objectives helped to unify the field
and lent it a quantitative, operational character in sharp contrast with
the literary, doctrinal emphasis of so much prewar monetary and
business cycle theory. A great number of talented scientists found this
new character congenial.

The highly productive, collective effort to make the Employment
Act “work™ was just getting underway when Friedman's ‘' Frame-
work™" was published in 1948. This was a proposal “‘concerned . . .



251 Rules, Discretion,
and the Role of the
Economic Advisor

with structural reform [which] should not be urged on the public unless
and until it has withstood the test of professional criticism™ ( Friedman
1948 [1953, p. 156]). Perhaps this description may be taken as a com-
ment on the haste with which Keynesian theory, at that time regarded
as difficult and controversial, understood by only a handful of Amer-
ican economists, had been embodied in federal legislation. In any
case, it 1s an accurate description of the proposals which are, implic-
itly, a prediction that the diagnosis and prescription process called for
in the Employment Act cannot be made to work, given the level of
scientific understanding of monetary dynamics at the time. The pro-
posals are offered rather as a compromise, promising economic per-
formance superior to that which had been observed historically, yet
promising less than the performance goals which are implicit, if vague,
in the Employment Act. They constituted, Friedman hoped, ""a min-
imum program for which economists of the less extreme shades of
opinion can make common cause’’ (Friedman 1948 [1953, p. 135]).

In retrospect, it is clear that Friedman underestimated by far the
extent to which his colleagues were united in the belief that the Em-
ployment Act, together with the Federal Reserve Act as supplemented
by changes in the 1930s, provided a workable policymaking apparatus.
Post-World War 1l macroeconomics has shown little interest in re-
forms of the institutional framework within which economic policy is
conducted, and virtually no concern with formulating legislative guide-
lines or limits on monetary, fiscal, and now, “‘incomes,”” policy. The
professional forum for debating alternative monetary institutions to
which Friedman addressed his proposals did not analyze them, con-
sider them, reject them in favor of others. It simply passed out of
existence. Instead, within the existing institutional framework, the
role of the economic expert as day-to-day manager expanded rapidly,
and the role of the academic macroeconomist became that of equipping
these experts with ideas, principles, formulas which gave, or appeared
to give, operational guidance on the tasks with which these economic
managers happened to be faced.

From the perspective of this new role for aggregative economics,
the difficulty with the Friedman proposals was not so much that they
were demonstrably dominated by others, but that they were irrelevant.
They speak to the question: Under what rules of the game, remaining
predictably in force over long periods, can we expect satisfactory
economic performance? The economic manager responsible for advis-
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ing on, say, the size of the coming fiscal year deficit is simply unin-
terested in this question: it seems to him merely an academic exercise,
unrelated to the tasks he has taken it upon himself to perform.

On one level, this reaction to the Friedman proposals is understand-
able. General economic performance in the twenty years following the
passage of the Employment Act was, by any historical standard, highly
successful. It is not surprising, then, that there was little general
discussion of institutional change during this period and that this lack
of interest was reflected in economists’ choice of research problems.
Yet the history of monetary and fiscal institutions, in the United States
and elsewhere, is one of repeated failure, and failure at very high
social cost. One is not surprised that a large fraction of the profession
found it worthwhile to attempt to provide the expertise presupposed
by the existing institutions. Similarly, it should surprise no one that
others continued to question the viability of these institutions and
focused their work on the design of alternative frameworks which
might ultimately replace them.

3 Some Signs of Change

Events of the current decade have brought about important changes
in both public and professional confidence that economic expertise can
deliver satisfactory performance within the framework provided by
the Employment and Federal Reserve acts. They also provide exam-
ples of mechanisms, quite outside those established by this legislation.
by which public opinion may be brought to bear on economic policy.
In this section, I will briefly review a few of these, beginning with
what is surely the most important: the experience of stagflation.

In a first course in econometrics, students discover upward-sloping
demand curves and production functions which impute negative pro-
ductivity to capital. Students find these shocking experiences for which
nothing in their theory courses has prepared them. This is a standard
developmental crisis, like discovering that one’s parents are not per-
fect, and experience shows that if it occurs in a reasonably protected
and supportive environment, it can be survived and resolved with no
lasting harm done.

There is a tendency on the part of many economists involved with
Keynesian macroeconometric models to view the inflation and un-
employment rate forecast errors of the 1970s in much the same terms.
That is, the error itself is not denied (this is hardly a possibility) but
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is interpreted as indicating nothing deeper than a neglect in controlling
for some other factors which, when properly taken into account, reveal
the original basic structure to be sound. Thus we show our econo-
metrics students that by controlling for income and other variables
and by reducing contamination from supply side effects, the law of
demand is revealed as clearly in the data as it is in the theory chapters
of their textbooks.

I have argued elsewhere, most recently and comprehensively in
collaboration with Thomas Sargent (Lucas 1975, Lucas and Sargent
1978), that these two cases are not at all analogous scientifically and
that the misforecast of the stagflation period is in fact a symptom of
much deeper problems. But a second, even clearer, difference in these
two cases involves the context in which the error occurred. The
stagflation error did not occur in the privacy of the seminar room, a
puzzle of interest to professionals only. It occurred after the idea of
a stable inflation-unemployment trade-off had become accepted by the
public generally as t/ie central construct in discussing macroeconomic
policy, and after wide public acceptance of the idea that movements
along the Phillips curve were technically within the control of eco-
nomic managers. Even if it were true (and | believe it is not) that the
sources of this error are easily correctible and unlikely to be repeated,
an enormous and far-reaching change has already taken place in the
political climate in which economic issues are discussed.

Two early symptoms of this change are Arthur Laffer’s influential
“Laffer curve™ and Arthur Okun’s proposal for controlling inflation
by a complex system of taxes and subsidies on individual producers.
Though both can be supported by theory of sorts, provided one uses
the term ‘‘theory’ with sufficient looseness, neither follows in any
way from any widely accepted theoretical framework, neither has
received serious analysis by either proponents or critics. neither was
even mentioned in the academic literature prior to the last year or so.

This is the legacy of stagflation: a general loss of confidence,
whether scientifically warranted or not, in the formerly accepted
framework guiding discretionary economic management. Since the
demand for discretionary policies remains strong, we are seeing the
proliferation of new ‘‘solutions’” to ‘‘short-run’’ policy problems, de-
fended by the promise of particular results but without basis in either
theory or historical experience. Given the entry costs into economic
advising of this sort, is there any real doubt what the future holds if
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economists continue to view themselves in a day-to-day management
role?

The experience of stagflation has, then, brought about important
changes in the nature of the postwar dialogue by means of which
policy-oriented economists attempt to advance their ideas and to sat-
isfy the immediate needs of economic managers. Recently, there have
been a number of important developments occurring outside the now-
traditional dialogue among experts and economic managers, the most
striking of which has been the passage of California’s Proposition 13,
limiting property taxes. Similar measures are under consideration in
other states and there are analogous attempts underway to influence
the federal budget at the constitutional level.

The main impetus for this ‘‘tax revolt™ is surely dissatisfaction over
the general ievel of taxes and government spending, and not over the
nature of stabilization policy. Yet there is a clear and instructive
connection at the political level. In policies of either type, it is evi-
dently impossible for large numbers of people to form opinions and
exercise influence at anything like the level of detail at which legisla-
tors and economic managers and their advisors carry on their discus-
sion. In contrast, it is clearly possible for people to impose limits on
these technical discussions, to bound levels and rates of change of
economic aggregates. Public opinion generally can do little to guide
the exercise of discretionary economic authority, but it has enormous
potential to limit its scope.

To this point I have stressed developments external to the econom-
ics profession, as opposed to internal, scientific developments, as
influences on the way economists and noneconomists view the possi-
bilities open to us for influencing economic policy. This choice of
emphasis reflects the opinion that public opinion generally (or what
used to be called ‘political feasibility’’) was far more important than
were scientific considerations in influencing professional reaction to
Friedman’s ** Framework,"” and that this situation is not at all unusual.
(This observation is not intended as a lament: there is little to be said
for isolating economics from general contemporary social thought, and
the consequences of trying to do so tend to lead to reliance on sterile
aesthetic criteria in guiding theoretical work.)

Nevertheless, research based on the idea of rational expectations
has played a role in buttressing the case for thinking about policy, as
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Friedman argued we should, as a problem in selecting stable, predict-
able policy rules. The main argument turns out to be a positive (as
opposed to normative) one: our ability as economists to predict the
responses of agents rests, in situations where expectations about the
future matter, on our understanding of the stochastic environment
agents believe themselves to be operating in. In practice, this limits
the class of policies the consequences of which we can hope o assess
in advance to policies generated by fixed, well understood, relatively
permanent rules (or functions relating policy actions taken to the state
of the economy).

I have developed the reasoning underlying this point elsewhere
(Lucas 1975). (Indeed, it follows from modern control-theoretic views
of policy evaluation almost independently of one’s view on expecta-
tions formation.) I have been impressed both with how noncontro-
versial it seems to be at a general level and with how widely ignored
it continues to be at what some view as a “‘practical”” level. One could
ask for no better illustration of this than the question motivating this
session: ‘*Macroeconomic Policy, 1974/75: What Should Have Been
Done? " The question presupposes one of two possible situations. The
first is that households and firms in 1974/75 were describable by a
fixed set of decision rules, so that given any hypothetical selection of
1974/75 policies, one could simply read private-sector responses off
these fixed curves to determine the response of the economy as a
whole. The second situation under which this question is meaningful
imagines firms and households attempting to solve maximum problems
involving not only current policy actions but expected, future actions
as well. The economist evaluating 1974/75 policy is in this case re-
quired to understand what these expectations abcut the future were,
and how they would have been influenced by policy actions taken in
1974/75.

Does anyone seriously argue that either of these two situations
prevails in fact? If so, on what scientific ground? If not, then why are
we discussing this spuriously practical question at all?

This seems to me by far the most fundamental sense in which recent
work on expectations reinforces the viewpoint toward policy which
Friedman espoused in his 1948 paper. It emphasizes the fact that
analysis of policy which utilizes economics in a scientific way neces-
sarily involves choice among alternative stable, predictable policy
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rules. infrequently changed and then only after extensive professional
and general discussion. minimizing (though of course never entirely
eliminating) the role of discretionary economic management.

Though an agreement to focus on alternative policy rules would. in
my view. be the major step toward restoring some degree of rationality
1o aggregative policy discussions. it does not necessarily follow that
the particular set of rules advocated by Friedman would dominate
others. On the one hand. several researchers have developed partic-
ular examples in which a 47 monetary growth rule is not dominated
Dy mone:ar} policies which react to the state of the economy tSargent
and Wallace 1975, Barro 1976. Lucas 1972). Moreover. Sargent (1976}
has shown that one ¢an find models of this class which account very
well for the behavior of postwar. U.S. ume series. On the other hand.
John Tavlor 119791 has developed an empirically implemented example
in which monetary policies which react 1o the staie of the system
dominate f1n a particular sensel a fixed monetary growth rule. though
the latter is also shown. in this context. 10 dominate actual postwar
policies. It seems clear at this point that the choice among alternative
sets of policy rules will necessarily depend on the answer to difficult
substanuve quesuons involving the sources of business ¢vcles and the
nature of business ¢yvcle dvnamics. Though there seems good reason
to expect that the principle of rational expectations will prove to be a
powertul tool in attacking these questions. 1t is clearly not sufficient
in itself to dictate the nature of desirable countercvclical policies.

4 The Case for the Friedman Program
[ began this paper with a brief summary of a variant of Milton Fried-
man’s well-known program for stabilization policy. and then advanced
some conjectures of a sociological nature about why professional dis-
cussion of this program has been so unsausfactory in the past and
some reasons for believing that the terms of he discussion may now
be shifting toward those which Friedman presupposed in his [948
paper. Yet bevond an unelaborated endorsement of this program. I
have devoted no space to its defense or 10 an assessment of its likely
consequences. if adopted

To an extent which. until a recent rereading. I had forgotten. this
absence of a clear defense and assessment also characterizes Fried-
man’s " Framework.” There. in outlining his strategyv. Friedman says
that "I deliberately gave primary consideration to long term objec-
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tives. That is, I tried to design a framework that would be appropriate
for a world in which cyclical movements other than those introduced
by *bad’ monetary and fiscal arrangements, were of no consequence.
I then examined the resulting proposal to see how it would behave in
respect to cyclical fluctuations. It behaves surprisingly well . . .7
(Friedman 1948 [1953, p. 133]: italics mine). How well is this? **The
proposal may not succeed in reducing cyclical fluctuations to tolerable
proportions. . . . I do not see how it is possible to know now whether
this is the case™ (Friedman 1948 [1953, p. 156]).

The strategy, then, was to design a workable stabilization policy not
dependent in any way on detailed knowledge of business cycle dynam-
ics. The program would (I think on this there is no serious professional
disagreement) fully protect the economy against sustained inflation. It
would fullv insure against the kind of monetary collapse which was so
important a factor in the early stages of the Great Depression of the
1930s. It would entirely eliminate erratic monetary and fiscal shocks
as independent sources of instability. Surely these are modest claims
when compared with what can be accomplished via the application of
optimal control to purely hypothetical economies which provide a
complete description of business cycle dynamics. Yet as compared
with actual performance in both the distant and recent past, their
appeal is evident.

In my view, recent research has added little to strengthen Fried-
man'’s case, except in what might be called a negative way. Friedman’s
case was built largely on the presumption of ignorance of the nature
of business cycles. Many of us confused the methodological advances
in economic dynamics that took place in the 1950s and 1960s with the
substantive narrowing of this ignorance and conseguently with the
increasing feasibility of sophisticated, reactive countercyclical policy.
We have learned, I believe, that the list of economic propositions
sufficiently well grounded in theory and evidence to be useful in for-
mulating aggregative policy is no longer now than it was in 1948. This
situation is discouraging and also. I think, improvable, but in the
meantime we should be grateful that, in the face of our ignorance, we
can still do “‘surprisingly well.™

5 The Problem of Transition
From the point of view of those involved in economic management,
the position that policy should be dictated by a set of fixed rules seems
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at best a partial response to the question: What should be done. now?
To one with some responsibility for monetary policy in 1974, say. it
is not very helpful to observe that monetary growth ‘should have™
proceeded at a constant 4% rate for the 25 vears preceding. Moreover.
even if a move toward a policy of fixed rules were desired. it could be
done in innumerable ways. presumably with different consequences.
and a criterion based on long-run average performance offers no help
in choosing among them. What advice. then. do advocates of rules
have to offer with respect to the policy decisions before us right now?

This question does have a practical. men-of-affairs ring to it. but to
my ears. this ring is entirely false. It is a king-for-a-day question which
has no real-world counterpart in the decision problems actually faced
by economic advisors. In the current syvstem of discretionary economic
management. no one or no small group has the job of deciding what
to do right now and into the middle distance with respect to the main
aggregative decision variables. None of these managers is in a position
to influence the economy in any significant way toward a regime of
fixed. nonreactive policy rules. They are simply reacting. sometimes
well. sometimes badly. to current difficulties. with no more capability
of affecting policy five vears hence than of affecting what happened
five vears before.

Economists who pose this “What is to be done. todav?’" question
as though it were somehow the acid test of economic competence are
culture-bound (or institution-bound) to an extent they are probably
not aware of. They are accepting as ¢iven the entirely unproved hy-
pothesis that the fine-tuning exercise called for by the Employment
Act is a desirable and feasible one. In criticizing Friedman's 1948
proposal from this point of view. they are simply missing its main
point. It is not a recipe for making the Employment Act ““work™ but
rather a prediction that it cannor be made to work. and an outline of
an alternative set of policy arrangements.

If one does try to think in a politically serious way about possible
scenarios leading to a fixed-rule regime. one is led to assign the primary
roles to actors ourside the executive—central bank system of economic
management. An encouraging example is provided by the House Con-
current Resolution 133. requiring that the Federal Reserve Board an-
nounce monetary growth targets in advance and account for deviations
afterward.’ One can imagine this resolution hardening into legally
binding limits on monetary growth rates. A second example is politi-
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cally less advanced: movements for constitutional limits on the federal
budget deficit.#

In cases such as these, existing economic managers will not program
a transition in any formal way, though they could certainly help to
minimize disruption. But the inherent gradualism of the legislative and
constitutional processes will mean that any actual move toward fixed
rules will necessarily occur with ample advance warning and a great
deal of prior adjustment on the part of both government and the private
sector. Analytical elegance will clearly not be one of the virtues of
such a transition, but 1 see no reason to expect large economic dis-
ruption, at least by the sorry standards of the past decade, to be an
inevitable or even a likely consequence.

6 Concluding Remarks
As an advice-giving profession we are in way over our heads. The
Employment Act of 1946 placed heavy demands on the ability of
economists to guide executive authority granted very broad powers.
In the early postwar years, and even through the sixties, it appeared
that the framework provided by the Keynesian theory of income de-
termination was, intelligently applied, capable of meeting these de-
mands. As confidence has ebbed in our ability to use general monetary
and fiscal policy to carry out the aims of the Employment Act, profes-
sionals and nonprofessionals alike have turned to a wide variety of
complex, selective interventions in individual markets. Even to begin
to assess the likely consequences of these policies in anything like a
scientific way is clearly well beyond the current limits of our discipline.

One response to this situation is to attempt to deal with this ever
broadening range of management questions, working and hoping for
advances sufficiently dramatic to enable us to regain the intellectual
control we thought we had in the sixties. If, as I believe to be the
case, this will require scientific improvements of a fundamental or
basic nature, then this response is not likely to succeed. Basic re-
search, to be successful, requires some degree of control over the
questions to be asked and the results that can be delivered. Though
stimulated by practical demands, it is rarely carried out by those in an
active managerial role, even at one remove.

An alternative response is to attempt to make clear to our fellow
citizens the questions that currently available expertise can hope to
answer successfully, to base policy recommendations on the well-
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understood and empirically substantiated propositions of monetary
economics, discouragingly modest as these may be, and to make it as
clear as possible that the main task of monetary and fiscal policy is to
provide a stable, predictable environment for the private sector of the
economy.

Notes

1. Of course, Friedman's work in general has had an enormous impact on
many dimensions. I am here referring only to his recommendation that mon-
etary and fiscal policy be conducted according to fixed rules.

2. Rules 2 and 3 are paraphrases of those in Friedman 1948 (1953, pp. 136-
137). Rule 1 is from Friedman 1959, pp. 87-92, there presented as a desirable
but second-best alternative to the requirement of 1009 reserve banking ad-
vocated in Friedman 1948.

3. The substance of this resolution became an amendment to the Federal
Reserve Act in 1977. See Weintraub 1978.

4. For a proposed amendment to this effect, together with an economic and
political analysis, see Buchanan and Wagner 1977.
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Towards Full Employment and Price Stability is a report to the Or-
ganization for Economic Cooperation and Development (OECD) au-
thored by a committee of eight economists, under the chairmanship of
Paul McCracken. The Committee met nine times and utilized the
efforts of staff members of the OECD Secretariat. The Report contains
descriptive and evaluative material on the performance of the OECD
economies in the period since 1965, presented as background for a
variety of recommendations or guidelines for economic policy in these
countries over the decade we are now entering.

The structure of the OECD Report invites the reader to view it as
the transmission to “‘policymakers’™ of a professional or scientific
consensus. It begins with a 33-page Summary, self contained, and
surely the only part likely to be read by its primary audience. Each
paragraph in this summary references, by number, corresponding par-
agraphs of the 207 pages which follow, apparently intending to convey
the impression that the latter provide analytical support for the con-
clusions of the Summary. Next come nine pages of dissents by three
of the eight authors. Last come 75 pages of notes, mainly references
to the technical “‘literature.”” One’s overall impression is of a volu-
minous body of technical, scientific research being distilled for the
benefit of readers who, if they lack the technical sophistication re-

Reprinted from Policies for Employment, Prices, and Exchange Rates, vol. 11 of
Carnegie-Rochester Series on Public Policy, eds. Karl Brunner and Allan H. Meltzer,
Amsterdam: North-Holland Publishing Company, 1976, pp. 161-168, by
permission.
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quired to follow the reasoning, are at least able to understand the
recommendations and act on them.

The policy objectives emerging from the study are standard, if some-
what vague: to “‘return to reasonable rates of growth™ (p. 17), to
“‘minimize average unemployment over the [five-year| recovery period
as a whole™ (p. 18), while avoiding *“‘policies which will permit or
accommodate high rates of inflation™ (p. 18).

How can this be accomplished? To keep on the ““correctly-judged
recovery track™ (p. 18) a “‘relatively active demand management pol-
icy may be needed™ (p. 19). This policy will involve “*publicly an-
nounced targets for the growth of monetary aggregates’™ (p. 18). a
fiscal policy geared to a budget target designed to avoid giving an
inflationary stimulus over the medium term’ (p. 18) together with “*a
prices and incomes policy’™™ (p. 18). It is likely that these tools will be
insufficient to keep us on the correctly-judged recovery track, in which
case ‘‘there may be no alternative to policies which involve more
detailed intervention’ (p. 19), such as ""quasi-selective action to influ-
ence broad categories of demand-business investment, housebuilding,
inventories, consumption, etc.”” (p. 23), ““additional employment in
the public sector’ (p. 23), “‘temporary subsidies to cover part of the
cost of taking on new employees’ (p. 29), or ‘‘vigorous steps to
facilitate sectoral adjustment™ (p. 29). “*“More vigorous energy policies
are required’” (p. 30). The authors also “‘agree on the desirability of
building up security stocks of cereals™ (p. 30). "*Exchange rate policy
may also have a useful role to play’ (p. 18). This should be directed
at achieving the ‘*desired blend of flexibility and viscosity’ (p. 32).
Though the authors “‘are against going back to a formal pegging of
exchange rates™ (p. 31), “only time will tell how much collective
management will be needed™” (p. 32).

There does not, unfortunately, exist an ““easy and simple formula™
(p. 32) to assist those governments which are willing to take on the
manipulation of the hundreds, perhaps thousands, of control variables
which are implicit in these recommendations. **The right mix of poli-
cies will vary between countries™ (p. 18). ‘*Policy should be cautious™
(p. 19). It should be “*pursued in a pragmatic and moderately flexible
way'’ (p. 20). Timing is crucial, so ““governments should be ready to
act reasonably promptly™ (p. 19). Little wonder that **policy makers™
are advised to “‘communicate and consult with one another as a matter
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of intelligent self-interest™ (p. 30). One only wonders where they will
find the time.

A curious feature of the Report, not reflected in these citations, is
the fact that much of this advice is delivered in a tone of sad resig-
nation. The term ‘market’ is used frequently, and though it is not
made entirely clear why, it appears that the authors view free markets
with a good deal of warmth, or perhaps nostalgia. Thus. they are
aware of “‘all the difficulties and dangers™ (p. 19) involved in “*more
detailed intervention in the process of price and income determina-
tion”" (p. 27). Alas, “‘there may be no alternative.”” They believe that
it is essential that full use be made of the market mechanism™ (p.
30). (This followed "more vigorous energy policies are required '[!])
They favor “"determined government efforts™” promoting "better func-
tioning of markets™" (p. 28). " This calls in some areas for the removal
of obstacles to a freer play of market forces. in others for action by
the authorities to supplement market signals’ (p. 28). "*Capital markets
are generally innovative and competitive' " but, of course, “"regulations
[are] necessary to protect borrowers and lenders™ (p. 29). Apparently,
the "better functioning of markets™ is also to be “‘pursued in a prag-
matic and moderately flexible way."

The method of selective citation has its limitations. but I know of
no other way to convey the Report’s undisciplined eclecticism. It
meanders through the long list of issues which have been defined in
popular debate as “policy problems. " accepting all as equally suited
to treatment by government action and equally amenable to economic
expertise. offering ambiguous and unsupported opinion on each. No-
where can one discern a consistent set of economic principles under-
lying either the choice of questions to be addressed or the policy
stances which are recommended.

As an economist, [ find this alarming. but not because | believe the
Report will in any direct way contribute to a worsening in economic
policy in the OECD countries. On the contrary, the Report is so nearly
vacuous that it will be difficult to tell which governments are attempt-
ing to follow its guidance and which are not. It is alarming because of
the vision of economics it presents, to the public and to us: an eco-
nomics limited to the writing of safely ambiguous lines for insertion in
the speeches of treasury officials and central bankers. It is opportun-
ism posing as pragmatism.
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What is the explanation for this? This seems to me a serious ques-
tion, for the Committee includes, in addition to its chairman. some
very distinguished economists. Indeed, two of these, Professors
Giersch and Komiya, commented very unhappily on the Report’s
vagueness in their individual comments. In attempting to find an an-
swer, I found it helpful to reexamine an earlier attempt to articulate
to a general audience the main themes of Keynesian macroeconomic
policy: Walter Heller's 1966 Godkin Lectures, published as New Di-
mensions in Political Economy.

Heller wrote with an authority which differs so sharply from any-
thing in the main text of this OECD Report that almost any paragraph,
inserted into the Report, would stand out as if printed in red ink. His
lectures convey an infectious sense of the power of economic ideas to
effect fundamental changes in the way noneconomists think about
economic policy. Moreover, Heller was explicit as to the source of
this authority: His lectures were built on the ““bedrock.” as he called
it, of Keynesian macroeconomic theory. This theory and its wide
acceptance permitted him to write ~of the increasing power and reli-
ability of the tools that economists bring to their trade: a growing
consensus on the analytical core of economics: lessons of performance
well done that will not easily be undone™ (p. 14). It is a sad but
accurate reflection on the decade since, that Part I of the OECD
Report is titled: **“What Went Wrong? ™

What went wrong, in brief, is that Keynesian macroeconomic theory
failed. Only when one reads the OECD Report as a response to this
failure, do the causes of its deficiencies begin to become understand-
able and alternative responses suggest themselves. Before developing
this theme, however, 1 want to clarify what I mean by the assertion
that **Keynesian macroeconomic theory failed.™

It is not uncommon to see the modifier "Keynesian™ used to mean
““consistent with the observed behavior of economic time series.”
Brevity aside, it is difficult to see the advantages of this usage. but
certainly if this is what is meant by Keynesian theory. then one cannot
say it has “‘failed.”” Similarly, it seems certain that Keynes's thought
will continue to stimulate economic theorists in various and unpre-
dictable ways for the foreseeable future, so much so that many econ-
omists will think of themselves as "*Keynesians.”” In advance of seeing
these developments, one cannot presume to pronounce them failed. I
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am here using the term **Keynesian’’ much more narrowly, to refer to
the multiplier calculations which all of us understood Heller to be
discussing and applying, together with the underlying if less precisely
specified theory which provided guidance as to the range of circum-
stances under which these calculations might be expected to yield
accurate answers.

Briefly, the idea was to begin with a target rate of unemployment
(around 4 percent in the U.S.) for, say, the coming year, and use
Okun’s law to find the level of real GNP consistent with this target.
Standard multipliers together with short-term forecasts of private
spending behavior then yield estimates of fiscal policies which will
attain the target. Now it is easy to dismiss these as "‘easy and simple
formulas,”” but they are more appropriately described as meaningful
and operational. Their advantage over a concept like ‘‘the correctly
judged recovery track™’ is that they provide quantitative guidance and
have the property that if two different economists are asked to work
out the details, both will arrive at about the same answer.

In applying these formulas, several important qualifications were
understood. First, the stimulus or restraint of a particular fiscal policy
could be offset by interest rate movements. An interest-stabilizing
monetary policy would need to accompany the fiscal policy selected
and, in view of the difficulty in forecasting other forces acting on
interest rates, this policy could not be specified in advance. Second,
it was understood that if the unemployment target used to initiate
these calculations were too low, stimulus would result in inflation,
either in addition to or even instead of, a real output response. All of
this is well developed in Heller’s book, and, of course, in many other
places.

[ want to use the term ‘*Keynesian theory™ narrowly, focusing on
the quantitative formulas which were actually used to generate policy
advice, so as to be as clear as possible as to what I mean by failure.
The theory failed in the sense that it produced quantitative answers
that turned out to be wrong. Its central premises that monetary policy
could stabilize interest rates and that inflation could be ignored at high
rates of unemployment turn out to be sufficiently bad approximations
to reality that the multipliers whose application rested on them are,
quite simply, useless. This conclusion is not, I think, especially con-
troversial and it is certainly not original. But it must be insisted on, as
it is both important and difficult for us macroeconomists not to confuse
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the operational theory we would like to have with the theory we
actually do have. In 1966, it seemed to many that we had one theory
which could quantitatively link fiscal policy to economic performance
with sufficient accuracy that it could be responsibly applied to poli-
cymaking. In 1977, we know we have none.

Yet in reading the OECD Report, the untrained reader would get
exactly the opposite impression. Whereas Walter Heller claimed only
to have a theory which could provide rough guides for full employment
fiscal policy, the OECD authors appear to be in possession of a much
more powerful theory, capable of dealing not merely with full employ-
ment and price stability, but with energy, agricultural inventories,
exchange rates, securities regulation, and a host of other “*problems,”
all of which they see as interrelated. How is it that the failure of the
model on which the economic activism of the sixties was based can
lead macroeconomists to offer advice on a much wider range of issues?
The answer, I think, requires an understanding of the “*conservative™
role of Keynesian activism.

Whatever may be the intellectual roots of the general public approval
of widespread government economic intervention, or “‘activism,’” it is
clear that they antedate by far the introduction of Keynesian econom-
ics in the sense which I have sketched above. The role of Keynesian
theory was to rationalize this activism, where I mean "‘rationalize™
not in the sense of ‘‘apologize for,”” but rather in the sense of "“bring
order to’” or “‘bring under rational control.”” The politically serious
opponents of the application of Keynesian doctrine in the U.S., in the
1960s, were not advocates of fixed monetary growth rules and laissez
faire: they were *‘structuralists’’ concerned about ““automation,”” and
they entered the debate armed with long lists of specific interventions
in particular product and labor markets. The intended role of Keynes-
ian theory was not to introduce activist policy, but to provide an
alternative to a miscellany of incoherent and ineffective interventions.
Heller looked forward to the time when, “"if we manage to solve
tolerably well the macroeconomic problem of keeping the economy
moving along the path of its noninflationary potential, both President
and public will have no choice but to learn their microeconomic les-
sons’’ (p. 49).

And if we do not solve this problem tolerably well? Heller did not
say it, but the OECD Report does, with unmistakable clarity: Then
we shall have to put off this lesson in microeconomics, accept the
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problem definitions offered us by Presidents and publics, and in the
meantime do our best to persuade both that their confidence in us was
not misplaced. The OECD Report represents not an extension and
advance over the “‘easy and simple formulas™ of the operational form
of Keynesian economics, but rather a reversion to the unprincipled
activism which Keynesian theory seemed to promise, for a brief pe-
riod, to channel in a socially productive direction.

The OECD Report serves as a sobering lesson to economists who
believed that when Keynesianism stumbled influence would somehow
be passed to ‘‘monetarism.’’ Indeed, some of the Report’s oddest
features result from the authors’ attempts to digest recent monetarist
criticism, to utilize it in support of a new, more sophisticated activism.
The Report contains many monetarist sounding phrases, many refer-
ences to ‘‘expectations,’’ and insists (incredibly, given its “‘advice’’)
that it opposes ‘‘fine tuning’’ in favor of more predictability in gov-
ernment policy. The idea seems to be that one can somehow synthe-
size Keynesian and monetarist views into a new framework as
operational as that within which Heller operated. The fact is, however,
that no one has worked such a synthesis out, and this fact shows, in
lines like: “*Governments can and should help to promote healthier
expectations” (p. 19). The modern activist demand manager is in the
position of a motorist lost in Illinois but possessing only a roadmap of
Pennsylvania. It is no help to say: “*Well, we must just modify our
map to fit Illinois.” The sentiment is attractively upbeat and ‘‘con-
structive,”’ but it makes no sense.

The failure of this attempted synthesis to yield a coherent policy
program is not, I believe, a reflection on the analytical abilities of the
McCracken Committee but of the intractability of the problem itself.
Professor Komiya puts this (and much else) clearly in his individual
comments: **Dynamic optimisation in an uncertain world requires con-
stant adjustment of the trajectory, as with rockets and satellites’ (pp.
250-251). **For example, a statement such as ‘the general case for
“feeling one’s way’’ along gingerly is rather compelling’ is not ac-
ceptable to me. I believe it is most important that the medium-term
targets themselves be revised frequently, taking into consideration
latest developments which are to some extent different from what was
predicted earlier’ (p. 251).

The predictability obtained by the **public announcements of targets
for the rate of growth of the money supply’” (p. 20), desirable from a



269 On a Report
to the OECD

monetarist point of view, is both immaterial and undesirable from a
Keynesian point of view. From a modern Keynesian viewpoint, target
unemployment rates, interest rates, and inflation rates can be main-
tained (and hence made predictable) by constant adjustment of policy
instruments to new shocks. Of course, this means that the policy
instruments themselves will be unpredictable, but what difference does
this make to anyone? The clarity of Komiya's remarks stems from the
fact that he is working within an internally consistent (Keynesian)
framework, and is willing to accept the policy implications which
follow from it.

From a monetarist point of view, price stability and predictability
are important, and are approximately attainable under a well-chosen
and predictable monetary growth rule. On this view, unemployment
and interest rates are unpredictable, and this is accepted as a fact of
economic life, curable only at a prohibitive cost. These two views of
the world are mutually incompatible, and lead, therefore, to quite
different recommendations for policy. The McCracken Committee has
tried to compile a program by taking some objectives which are desir-
able and attainable under a Keynesian view and advocating Keynesian
policies to attain them. It has taken a few others which monetarists
claim to know how to achieve, and advocated monetarist policies to
do so. The hope, I suppose, was to please everyone, but the inevitable
result was a report full of contradiction, partially but not fully hidden
by ambiguous language.

It seems certain that economic policy in the OECD countries in the
coming ten years will involve a wide variety of government interven-
tions in particular sectors and industries. The particular interventions
which emerge will, looked at in the right way, presumably exhibit
some pattern. (For a social scientist, this much must be taken as an
article of faith.) The chances that it will be economic theory which
provides coherence to these policies must be judged, however, to be
near zero. In these circumstances, the McCracken Committee is at-
tempting to create the appearance that economic advisors are techni-
cally in control of developments, guiding them in a spirit of flexibility
and pragmatism. supported by the technical research efforts of an
entire profession.

Yet is it in the interest of economics that these political develop-
ments be viewed as being supported by a consensus of professional
opinion? The main reason to answer in the negative, stressed in this
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1 Introduction

One of the functions of theoretical economics is to provide fully artic-
ulated, artificial economic systems that can serve as laboratories in
which policies that would be prohibitively expensive to experiment
with in actual economies can be tested out at much lower cost. To
serve this function well, it is essential that the artificial “*model™
economy be distinguished as sharply as possible in discussion from
actual economies. Insofar as there is confusion between statements of
opinion as to the way we believe actual economies would react to
particular policies and statements of verifiable fact as to how the model
will react, the theory is not being effectively used to help us to see
which opinions about the behavior of actual economies are accurate
and which are not. This is the sense in which insistence on the “‘re-
alism’’ of an economic model subverts its potential usefulness in think-
ing about reality. Any model that is well enough articulated to give
clear answers to the questions we put to it will necessarily be artificial,
abstract, patently ‘unreal.”

Reprinted from Journal of Money, Credit, and Banking 12 (November 1980, Part 2)
by permission. Copyright 1980 American Enterprise Institute for Public Policy
Research.

This paper was prepared for the American Enterprise Institute Seminar on Ra-
tional Expectations, held on February 1, 1980, in Washington, D.C. Many of the
ideas in it were developed under the stimulus of Don Patinkin’s course on the
History of Monetary Thought, taught at the University of Chicago, winter 1979.
Allan Drazen, Sherwin Rosen, and Nasser Saidi provided very helpful criticism of
an earlier draft. A version of this paper entitled *’Economic Policy and the Business
Cycle” was presented at The Ohio State University as the Money, Credit, and
Banking Lecture, on May 8, 1980.
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understand or explain. To the journalist, each year brings unprece-
dented new phenomena, calling for unprecedented new theories
(where “‘theory’™ amounts to a description of the new phenomena
together with the assertion that they are new). Since there is an ob-
vious sense in which this view carries some truth, I will not attempt
to refute it. 1 have argued elsewhere [23] that it is in our interest to
take exactly the opposite viewpoint in the study of business cycles, or
as close to an opposite view as we can get by with, and will maintain
this attitude below. The Great Depression. however. remains a for-
midable barrier to a completely unbending application of the view that
business cycles are all alike.

There 1s. of course. a third source of developments in our under-
standing of business cycles: the activities of economists specializing
in the field. Making the connections between the technical innovations
discovered by our colleagues and the difficult questions thrown at us
by the real world is no easy task. and I do not wish to minimize the
importance of these efforts. Yet I do think that both amateur and
professional historians have tended to go too far in attempting to
understand developments in monetary economics in terms entirely
internal to the subdiscipline. and that some leaning in the other direc-
tion may therefore be useful.

In the next section of the paper. I will review what seem to me the
main features of the Keynesian Revolution from the view set out
above. There is. I know, a growing feeling that such skeleton rattling
is becoming tiresome and old hat. Yet the advancement of theoretical
constructs from this era as though they were facts to be explained
continues to be a standard mode of debate in macroeconomics, sug-
gesting the existence of still more deeply buried bones. The remainder
of the paper will be an attempt to diagnose more recent developments,
and perhaps even to extrapolate a little way into the future.

2 Business Cycle Theory through Keynes

Business cycle theory (as distinct from monetary economics) is mainly
a twentieth century product. For the most part, the major nineteenth
century economists set short-term fluctuations to one side in order to
focus attention on other issues. The general underlying idea (one might
call it a “‘natural rate hypothesis’’) must have been that one could
understand the main determinants of the average levels and rates of
growth in economic activity without understanding the fluctuations.
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two of my purposes, is John Maynard Keynes's Treatise on Money
[16]. Comparison of this work with the General Theory [17] is useful
both in illustrating the way that limits on our technical ability to
construct explicit theory limit our ability to think productively about
phenomena, and in illustrating the extent to which thinking in mone-
tary economics is subject to outside or “‘real world™" shocks.

The Treatise is sometimes described (and was even by Keynes?) as
a kind of initial, clumsy groping toward the ideas presented in the
General Theory. 1 suppose there must be some psychological truth to
this view, but emphasizing this aspect of the 7Treatise leads to a very
strained reading of what seems to me a fairly straightforward example
of pre-Depression thinking on business cycles. The main objective of
the book is to try to understand fluctuations in economic activity about
a secular trend in which real magnitudes are determined by the real
considerations of neoclassical value theory and in which nominal
prices are governed by the quantity theory of money. Keynes was
convinced, correctly I believe, that attempting to discuss fluctuations
in terms of fluctuations in velocity would not be productive and sought
instead a point of view that stressed changes in the composition of
expenditures over the cycle. He then showed that this point of view
could be reconciled with a quantity-theoretic view of longer-term
changes.

The accounting system, or set of notational conventions, embedded
in his "*fundamental equations’ was designed to facilitate this recon-
ciliation, and served this function well enough. Beyond this, however,
Keynes's apparatus could not go. He states an identity and discusses
it: then he moves a term from the left to the right and discusses the
result of that operation: he defines a new variable in terms of previ-
ously defined ones and discusses that; then he talks about the identity
restated in terms of this new variable; and so on and on. The problem
is not that the underlying ideas are trivial, though the algebra certainly
is. On the contrary, the book deals in an intelligent way with the
fundamental problems business cycles raise. The difficulty is that
Keynes has no apparatus for dealing with these problems. Though he
discusses them verbally about as well as his contemporaries, neither
he nor anyone else was well enough equipped technically to move the
discussion to a sharper or more productive level.

The onset of the Great Depression did nothing to improve Keynes's
equipment for understanding the business cycle, viewed as a recurrent
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sequence of booms and depressions. Instead, it permitted him to
reformulate the problem itself as one of accounting for the level of
output and employment at a point in time, as opposed to one of ac-
counting for a particular pattern repeated in the time series. So refor-
mulated, the problem could productively be studied simply by
discarding an equation of static equilibirum theory (the labor supply
curve) in contrast to the much more difficult task, undertaken in the
Treatise, of supplementing this static theory with suitable short-run
dynamics. This simpler problem was one on which progress could be
made at the Marshallian level of analysis on which Keynes was a
master.?

In reading the General Theory in this way, I am of course simply
following the classic exegesis of John Hicks [14] (as well as Hicks's
initial view of the General Theory as “‘slump economics’’) and Franco
Modigliani’s [29] pioneering step toward a “‘neoclassical synthesis.™
There is, certainly, much of interest in the General Theory that is not
captured either in Hicks's diagram or Modigliani's equation system,
a fact that led Axel Leijonhufvud (and others, perhaps even Hicks and
Modigliani) to view the "‘Keynesian economics,”” which was later
based mainly on these early interpretations, as a kind of vulgarization
of the General Theory. While there is some truth, forcefully developed
in Leijjonhufvud’s monograph [18], in this view. it misses what I
believe to be the more essential truth, stressed in my introduction,
that progress in economic thinking means getting better and better
abstract, analogue economic models, not better verbal observations
about the world.

The General Theory is, to be sure, a mine of acute and well-phrased
remarks about the trials of conducting one’s affairs in an uncertain
world. Perhaps there are some, though I would not like to have the
task of documenting this, that are both central to business cycle be-
havior and not prefigured in, say, Mitchell [28], or even a century
before in Henry Thornton’s writings. Certainly the likely. central role
of profit expectations and investment behavior was stressed by vir-
tually every economist who devoted more than superficial thought to
business cycles. Economists who find Keynes's style congenial will
continue to use his writings as Dennis Robertson did Lewis Carroll’s,
but surely there is more to the cumulative nature of economics than
this!
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To extract from the General Theorv a simple graphical method for
thinking about national income determination 1s not. [ believe. to
vulgarize its contribution. Vulganty in economics would more appro-
priately be defined as criticizing or caricaturing an abstract (and hence
potentially useful) model because it leaves something out

3 The Neoclassical Synthesis

The General Theory was, if the argument of the preceding section 1s
accurate. more successful than the Trearise not because of theoretical
advances within monetary economics but pecause the event of the
Great Depression permitted Keynes 10 restate the problem posed by
the business ¢vcle into a form such that the theoretical methods at his
disposal admitted genuine progress. It was a fortunate historical ac-
cident that at about the same time. and for reasons unrelated to con-
temporaneous economic events. technical advances in statistucal and
economic theory occurred which transformed "Keynesian econom-
ics’” into something very different from. and much more fruitful than.
anything Keynes himself had foreseen.

One of these advances. which one mav date from the work of
Tinbergen [47] or perhaps from Slutsky [44]. was the idea that one
might describe 4n economy as a system of stochastcally disturbed
difference equations. the parameters of which could be esumated from
actual time series. Indeed. in describing @ “"business cyvcle theory ' as
a “fully articulated imitation economy. [ have presupposed the ob-
jective of these early econometricians to have by now become common
property. The rapid progress of the econometric models toward some-
thing that appeared close to imitative perfection was. I have argued
elsewhere [22]. illusorv. Sargent and I [26] have subsequently argued
in some detail that useful analogue systems will not be found among
variations within the class of these pioneering econometric models.
The issues touched on in these earlier papers still seem 10 me at the
center of the question of what we can hope for from & theory of
business cvcles, but there is no reason to take them up again here.

The second of these advances. like the first. has roots the disentan-
gling of which would challenge an objective scholar’s career. Instead.
[ will take a subjective course. identifying this development with Paul
Samuelson’s Foundations of Economic Analysis [36] and advising the
more serious historian to pursue the copiousweferences in that text.



278 Methods and Problems
in Business Cycle
Theory

In so doing, I follow Don Patinkin’s practice in his Money, Interest,
and Prices [32], perhaps the most refined and influential version of
what 1 mean by the term ‘‘neoclassical synthesis.”” Samuelson ad-
vanced, in the first place, the main ingredients for a mathematically
explicit theory of general equilibrium: an artificial system in which
households and firms jointly solve explicit, ‘‘static,”” maximum prob-
lems, taking prices as parametrically given. He took for granted that
such equilibria were nonvacuous in the mathematical sense, a suppo-
sition that was later confirmed under fairly broad conditions. Such
equilibria can be shown to be equivalent to Pareto-optimal resource
allocations.

I refer to this theory as ‘‘static’” following Samuelson, despite the
ambiguity involved in specifying an empirical counterpart to this mod-
ifier. The underlying idea seems to be taken from physics, as referring
to a system “‘at rest.”’ In economics, I suppose such a static general
equilibrium corresponds to a prediction as to how an economy would
behave should external shocks remain fixed over a long period, so that
households and firms would adjust to facing the same set of prices
over and over again and attune their behavior accordingly. It is not
difficult to think of modifying this idea of *‘rest’’ to accommodate slow
and fairly predictable secular changes, and this accommodation will
be taken for granted in what follows, as it seems to have been in the
monetary economics literature.

Now economies experiencing recurrent business cycles are quite
evidently not ‘‘at rest’’ so that static general equilibrium theory,
though a genuine model in the sense of being explicit and complete,
is not a good imitation of reality for the purpose of understanding
these events. To deal with this disparity, the Foundations offered a
solution too (though there advanced, it seems to me, as an answer to
an entirely different kind of question*). Samuelson proposed a dynamic
model of price adjustment in which the rates of change of prices
offered in each market were related to the level of “*excess demands™
in all markets. Whatever the history or underlying objectives of this
model of price dynamics (and, implicitly, of quantity dynamics) this
theory introduced sufficient additional (to those needed to describe
tastes and technology) parameters to the equilibrium system so that,
given an initial shock to the system, a wide variety of paths were
consistent with its eventual return to equilibrium.

X
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This introduction of additional (to those used to describe preferences
and technology) free parameters held out the promise that one could
construct a theoretical system the stationary point of which was a
general equilibrium in the neoclassical sense but whose movements,
out of equilibrium, might replicate the “*Keynesian™ behavior captured
so well by the econometric models. Spelling out these connections
became the main program of theoretical research in macroeconomics
from the 1940s through the 1960s. The task seemed to involve some-
how motivating the introduction of ‘“money’" and other financial ele-
ments into “‘real’” general equilibrium theory, modifying the purely
theoretical system in the direction of the applied econometric theory,
and simultaneously reworking the structural equations of the econo-
metric models so as to clarify their theoretical underpinnings. The
objective of the enterprise was widely agreed to be “‘unification’ of
the two types of theories into which Keynesian ideas were translated
in the 1930s and 1940s.

Reviewing the vast amount of useful economics that came out of
this attempt at unification would be much too ambitious a task for this
paper. Instead, I will make a few general remarks on the attitudes
toward stabilization policy that were fostered by the neoclassical syn-
thesis. First, since the synthesis was formed by the addition of free
parameters to a static general equilibrium system, the general class of
models it suggested admitted a wide variety of possibilities for business
cycle behavior. Thus it seemed a framework open enough to contain
virtually any point of view toward policy as a special case, an attractive
feature to the nondogmatic. I suspect this is one reason why those
economists, like Milton Friedman, who made no use of this framework
were treated with some impatience by its proponents. Why could he
not simply specify which particular parameter values corresponded to
the case /e believed to fit the facts, let others do likewise, and then
the matter could be handed over to the econometricians for a definitive
resolution?

Second, since fluctuations about the system’s equilibrium repre-
sented disequilibrium behavior, standard welfare propositions could
be applied only to the average behavior of the system, and not to
fluctuations about the average. This left one free to apply other criteria
in evaluating stabilization policies: “*gaps’’ instead of ““triangles.”” as
James Tobin [50] puts it. The general idea was to use policy tools to
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keep the actual path of the system “"close’ in one sense or another to
its equilibrium path. Proponents of various stabilization policies were
thus free of the burden under which the ordinarv welfare economist
labors—of ““justifying’” intervention by some specific “*market failure™
and tailoring the nature of the intervention to the nature of the failure.
Under the neoclassical synthesis. the business cvcle was defined to be
market failure. and anyv policy that promised to move the svstem
toward “full employment equilibrium™ was viewed as an
improvement.

So widely endorsed was the general idea of the neoclassical synthe-
sis described above that its central constructs have become a common
shorthand for describing "“the facts.” Now when the success. actual
and potential. of this synthesis is once again at issue. these constructs
no longer facilitate discussion, but rather get in the way. Two examples
will illustrate what I mean.

The first is from James Tobin [50]. who in summarizing what he
calls ““the central propositions of the General Theory™™ begins with:
In modern industrial capitalist societies. prices and wages respond
slowly to excess demand or supply. especially slowly to excess supply.
Over a long short run. ups and downs of demand register in output:
theyv are far from completely absorbed in prices.”” He goes on to cite
evidence for this proposition from British economic behavior in the
1920s and the U.S. Great Depression.

What I take Tobin to mean by this complex proposition is something
like the following. /f one were to try to interpret the British experience
of the 1920s. America’s of the 1930s. and business cvcles generally.
in terms of a static general equilibrium (allowing for secular trend) and
dvnamic adjustment in prices of the sort described by Samuelson. then
we would need to postulate ““slow’ (sayv. half-life of many quarters)
coefficients describing wage and price responses 1o excess supplv.
Qualified in this way. the statement seems t0o me a true one. Yet
qualified in this way. Tobin's argument cannot shed light on the de-
sirability of attempting to account for business cycles within the frame-
work provided by the neoclassical synthesis as opposed to using some
other framework. which is the intended subject of his paper.

In a similar vein. Franco Modigliani [30] characterizes Thomas
Sargent’s [38] econometric model of the U.S. as one in which em-
plovment declines can be accounted for only by ""severe attack([s] of
contagious laziness.”” He goes on to say that ""equally serious objec-
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tions apply to Friedman's modeling of the commodity market as a
perfectly competitive one . . . and to his treatment of labor as a
homogeneous commodity traded in an auction market, so that, at the
going wage there is never any excess demand by firms or excess
supply by workers.™

As in Tobin in [50], Modigliani is here thinking of a competitive
equilibrium in the static sense of the neoclassical synthesis, so that an
equilibrium decrease in employment would necessarily have to arise
either from a spontancous technology or taste shift (‘*an attack of
laziness'’) and so that a model in which labor markets are continuously
cleared is patently in contradiction with observed employment and
unemployment fluctuations. Later on, he refers to the ‘“substantial
agreement that in the United States the Hicksian mechanism [his
overly modest term for what 1 am here calling the neoclassical syn-
thesis] is fairly effective in limiting the effect of shocks and that the
response of wages and prices to excess demand and supply will also
work gradually toward eliminating largely, if not totally, any effect on
employment.”” “*These inferences are supported by simulations with
econometric models like the MPS.™

Now both Modigliani and Tobin are, in the papers from which I
have quoted, explicitly defending (via the time-honored tactic of coun-
terattack) their preferred framework for studying business cycles
against ‘*'monetarist’’ or ‘‘rational expectations’ alternatives. Yet both
take the correctness of the framework they defend as given and use
it as a point of departure in criticizing alternatives. The failure of a
simulation of Sargent’s econometric model to reproduce the results of
simulations of the MPS model is viewed as evidence that Sargent’s
model does not **fit the facts!™ It seems clear that debate at this level
cannot advance matters.

4 Recapitulation and Assessment

It will be useful at this stage to attempt a summary of the theses
advanced in the sections above. I began by sketching a view of an
economic theory (by which I mean a theory that purports to account
for specific observed and as yet unobserved aspects of behavior) as a
mechanical, analogue economy. It follows from this view that devel-
opments in a particular substantive field, such as the study of business
cycles, will be influenced strongly by technical developments in our
ability to construct explicit model economies, and by real world de-
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velopments that alter our view as to the questions we think such
models can and ought to be able to help us to answer.

Viewed from this perspective, the main features of the Keynesian
Revolution and the neoclassical synthesis into which it evolved in the
United States seemed to be the following. They include. in the first
instance, the onset of the Great Depression and the consequent shift
of attention from explaining a recurrent pattern of ups and downs to
explaining an economy apparently stuck in an interminable down.
Keynes's General Theory is then seen as, first. a recognition of the
importance of this change of circumstances. and second. at least as
read by Hicks. Modigliani. and others. as the proposal for a simple
aggregative account of output and employment determination at a
point in time. Developments in British Keynesian macroeconomics
since the [930s give. I think. a reasonably accurate view of what
would have become of the revolution had these elements and no others
been involved.

In the United States and on the continent, two other elements were
involved in essential ways, both of a technical character. One was the
development of explicit stochastic descriptions of economic systems.
The other was the development of a static general equilibrium theory
together with an associated theory of disequilibrium price dynamics.
These elements were rapidly combined to provide rigor and clarity to
Keynes's account of short-term equilibrium determination. and to add
to this theory explicit dynamic elements, which permitted it to fit
actual time series in a fairly literal way. Moreover. they held out a
definite promise for additional 'unification.” a task that occupied
some of the profession’s best talent for three decades.

Toward the close of the 1960s. this orderly progress toward unity
was disturbed by two theoretical developments. One of these, Milton
Friedman's presidential adddress to the American Economic Associ-
ation [8]. was written from the ““monetarist’” viewpoint which had
continued to pursue the study of business cycles along the line initiated
by Mitchell. The other. Edmund Phelps’s [33] and the subsequent
“"Phelps volume™ [34] seemed initially an attempt to complete the
unity promised by the neoclassical synthesis through discovery of a
microeconomic foundation to the labor market and product pricing
side of the standard models. However differently motivated. the pa-
pers of Friedman and Phelps both carried the clear implication that
excess demand’’ was neither necessary nor sufficient for price or
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wage inflation, and that any average inflation rate was consistent the-
oretically with any level of unemployment. This conclusion, arrived
at via impeccable neoclassical reasoning, conflicted with the prediction
of a real output-inflation trade-off, which was at the center of all
models based on the neoclassical synthesis.

In attempts to formalize the Friedman-Phelps natural rate hypoth-
esis, it was soon discovered that then-conventional ways of modeling
expectations-formation were both central to the issues involved and
fundamentally defective. John Muth's [31] hypothesis of rational ex-
pectations, formulated originally to deal with an entirely different set
of substantive questions, turned out to be a natural way to formalize
the Friedman-Phelps arguments. Subsequent research in macroeco-
nomics has revealed the sweeping implications of this hypothesis, and
the extent to which it proves subversive of the main positive and
policy presumptions underlying the neoclassical synthesis.

At the present time, these developments retain enough novelty to
make them difficult to assess with detachment. Yet | believe it is
possible, indeed necessary, to attempt to understand them in terms
similar to those I have used in trying to understand earlier develop-
ments in monetary economics and business cycle theory. If it was in
fact the conjunction of real world shifts in the questions to which
people wanted answers together with technical improvements in eco-
nomic theory which led to the major rethinking of business cycle
theory that I have been here calling the neoclassical synthesis. then
it is not unlikely that more recent developments can be similarly
attributed to forces to these two categories.

The real world event from the recent past which first comes to mind
is the combination of inflation with higher than average unemployment
that characterized the 1970s. While consistent with the Friedman-
Phelps logic, these events were badly misforecast with 1960s vintage
econometric models. To what extent this forecast error should be
interpreted as a ‘‘fatal’’ error in models based on the neoclassical
synthesis or simply as one suggesting some modifications is not so
easy to determine.’ The idea that virtually all of this period was
characterized by “‘excess supply’” and hence that virtually ali of the
inflation must be attributable to **supply shocks™™ does not seem to be
worth taking seriously and I have yet to see a quantitative case for
this position made. (This is, of course, not to say that there have not
been serious supply shocks over the decade.) On the other hand, some
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recent models stressing the role of contractually fixed nominal prices
permit prices to respond to secular or “‘anticipated’’ demand without
“‘excess demand’’ necessarily ever emerging, while retaining a **short-
term’’ role for “‘excess demands’’ and supplies.® Perhaps these may
be interpreted as an attempt to reconcile the experiences of the 1970s
with some key features of the neoclassical synthesis. In short, events
of the 1970s have been provocative, but perhaps not decisive.

A less spectacular but perhaps ultimately more influential feature of
post-World War II time series has been the return to a pattern of
recurrent, roughly similar “*cycles™ in Mitchell’s sense. If the magni-
tude of the Great Depression dealt a serious blow to the idea of the
business cycle as a repeated occurrence of the ‘‘same’’ event, the
postwar experience has to some degree restored respectability to this
idea. If the Depression continues, in some respects, to defy explana-
tion by existing economic analysis (as I believe it does). perhaps it is
gradually succumbing to the Law of Large Numbers.

These new observations have been influential (as new observations
should be to empirical researchers), but it seems to me the main
outside influences have been. and will continue to be, changes in
available theoretical methods. In business cycle theory, it appears not
to be the problem that changes but rather the way we look at it. Of
changes in methods, certainly the most central have been postwar
developments in general equilibrium theory.

5 Postwar General Equilibrium Theory

The general equilibrium theory which Modigliani, Patinkin, and others
hoped to integrate with an operational business cycle theory did not
remain frozen in the form it had assumed in the 1930s and 1940s.
Indeed, much of what has since developed was sketched out in some
detail by John Hicks, in Value and Capital [15]. There Hicks proposed
reinterpreting the maximum problems solved by firms and households
as involving choices over sequences of dated goods. with choices of
specific future goods interpreted as plans and with their prices inter-
preted as price expectations. Hicks noted that if future goods were
viewed as contracted for in advance, the prices of future goods would
simply be known numbers, and general equilibrium in a dynamic econ-
omy, so modeled, would be equivalent formally to equilibrium in a
“static’” model. Hicks believed that the presence of uncertainty in real
situations rendered a model stressing forward contracts inapplicable
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in most dynamic situations of real interest, and so put most of his
emphasis on a discussion of a sequence of “'spot’ equilibria.

Kenneth Arrow [2] and Gerard Debreu [5] observed that uncertainty
could be incorporated into “static’’ general equilibrium theory by
exactly the same device that Hicks proposed to incorporate the pas-
sage of time: namely by indexing goods both by the date on which
they are to be exchanged and by the (perhaps stochastically selected)
“state of nature” contingent on which the exchange is to occur. Like
Hicks's. the innovation was not initially an extension of general equi-
librium theory in a mathematical sense. but rather the observation that
the range of applicability of this body of theory could be vastly broad-
ened by some ingenuity in specifving what is meant by a commodity.

One way to interpret a ~“contingent claim™ equilibrium is as a de-
scription of an economy in which all state-contingent prices are deter-
mined in advance, in the clearing of a single grand futures market. On
this interpretation, individual traders may assess the probabilities of
the occurrence of future states of nature. but with prices determined
in advance. the issue of price expectations does not arise. Alterna-
tively. one may sometimes (though certainly not always) think of a
contingent-claim equilibrium as being determined via a sequence of
“spot’ markets. in which current prices are set given certain expec-
tations about future prices. On this second interpretation. one needs
a principle to reconcile the price distributions implied by the market
equilibrium with the distributions used by agents to form their own
views of the future. John Muth [31] noted that the general principle of
the absence of rents in competitive equilibrium carried the particular
implication that these distributions could not differ in a systematic
way. His term for this latter hypothesis was rationa! expectations.”’

As originally proposed by Arrow and Debreu. this contingent-claim
interpretation of a competitive equilibrium model took all information
to be simultaneously and freely available to all traders. and many
important results (e.g.. the extension of the main theorems of welfare
economics to uncertain environments) are crucially dependent on this
assumption. It was soon recognized by many researchers that the idea
of viewing a commodity as a function of stochastically determined
shocks is an invaluable one also in situations in which information
differs in various ways among traders. Indeed. it is this idea that
permits one to use economic theory to make precise what one means
by information, and to determine how it is valued economically.
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When originally proposed, the contingent-claim formulation tended
to be viewed as highly esoteric and remote from practice, no doubt
because it arose at the most abstract end of the discipline. However,
this formulation rapidly and easily absorbed and clarified a variety of
special results in the economics of uncertainty, and facilitated their
unification and extension. It is now in standard use in virtually every
applied field of economics. It is also in use, though I would not as yet
say ‘‘standard,”” in business cycle theory.

Would it not be surprising if this were not so? The idea that spec-
ulative elements play a key role in business cycles, that these events
seem to involve agents reacting to imperfect signals in a way which,
after the fact, appears inappropriate, has (as I remarked in section 3)
been a commonplace in the verbal tradition of business cycle theory
at least since Mitchell [28]. Now for the first time we have at our
disposal methods for constructing artificial model economic systems
in which these elements play a well-defined role. It is now entirely
practical to view price and quantity paths that follow complicated
stochastic processes as equilibrium “"points’” in an appropriately spec-
ified space. This is a development that will make a difference in the
way we think.

To ask why the monetary theorists of the 1940s did not make use
of the contingent-claim view of equilibrium is, it seems to me, like
asking why Hannibal did not use tanks against the Romans instead of
elephants. There is no reason to view our ability to think as being any
less limited by available technology than is our ability to act (if, indeed,
this distinction can be defended). The historical reason for modeling
price dynamics as responses to static excess demands goes no deeper
than the observation that the theorists of that time did not know any
other way to do it. It is, of course. conceivable that theorists in full
command of newer methods will nonetheless conclude that there are
sound reasons for continuing to use the older technology for some
purposes (just as there are some purposes for which we continue to
prefer elephants to tanks). This seems to me most unlikely if the
purpose is to understand business cycles. That a powerful model-
building apparatus specifically designed to help us deal with problems
involving choice under uncertainty should simply be passed over in
favor of an older apparatus which is (for the most part) incapable of
taking these problems into account,® would, should it occur, certainly
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refute rather decisively the point of view toward the development of
economic thought that I have advanced in this paper.

6 Future Developments

Even if one is persuaded, as am [, that the theoretical advances
sketched in the last section will have a major impact on our thinking
about business cycles, it is obviously impossible to forecast with any
accuracy the form this impact will take. What is already clear, how-
ever. is that certain characteristics of earlier theories, adopted origi-
nally (I have argued) for convenience, are no longer analytically
necessary. In particular, it is possible to construct systems in com-
petitive equilibrium, in a contingent-claim sense, which exhibit a vast
variety of dynamic behavior. The idea that an economic system in
equilibrium is in any sense “at rest’” is simply an anachronism.

For a modern theoretical economist, surely the most natural way to
read the original Friedman and Phelps articles 1s as attempts to con-
jecture some of the properties that a successful general-equilibrium
model of business cycles will be likely to possess. Indeed, Friedman
refers to the natural rate of unemployment as ““the level that would be
ground out by the Walrasian system of general equilibrium equations.
provided there is imbedded in them the actual structural characteristics
of the labor and commodity markets™™ though he is not able to put
such a system down on paper. In his introduction to [34]. Phelps
sketches a specific general equilibrium system in some detail. Much
of the research that has been done since may be interpreted as efforts
to cast these ideas more explicitly into the contingent-claim
framework.

In recent years, a number of economists have werked to develop
what I prefer to call equilibriim models of business cycles.” These are
models that utilize the contingent claim point of view described in the
last section in an essential way, and in which prices and quantities are
taken to be always in equilibrium. In these models. the concepts of
excess demands and supplies play no observational role and are iden-
tified with no observed magnitudes. In contrast to the static equilib-
rium models available in the 1940s, equilibrium models of this new
class seem to do about as well in fitting time series as do models based
on the neoclassical synthesis.

Now it is clear that these new equilibrium models can, in principle.
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be "synthesized’’ with a Samuelson-like model of disequilibrium price
adjustment just as could the older equilibrium models.!'® This must be
true of any equilibrium model. Moreover, since a synthesis of this
kind involves the addition to the model of free parameters, the syn-
thesized version cannot fit facts worse than the original equilibrium
version on which it is based. One seems to be led, then, not to
equilibrium models as a class, but to a vastly larger class of synthesized
disequilibrium models. Now I am attracted to the view that it is useful,
in a general way, to be hostile toward theorists bearing free parame-
ters, so that I am sympathetic to the idea of simply capitalizing this
opinion and calling it a Principle. In evaluating economic theories that
claim to be useful in guiding policy in the way sketched in my intro-
ductory section, however, there are important substantive considera-
tions supporting such an attitude of hostility, which seem to me to put
it on a sounder basis that can be afforded by a general prejudice in
favor of parsimony. I will try to spell these considerations out.

Our task as I see it (to restate my introduction somewhat more
bluntly and operationally) is to write a FORTRAN program that will
accept specific economic policy rules as “‘input’” and will generate as
“output’ statistics describing the operating characteristics of time
series we care about, which are predicted to result from these policies.
For example, one would like to know what average rate of unemploy-
ment would have prevailed since World War Il in the United States
had MI grown at 4 percent per year during this period, other policies
being as they were. (One would like to know the answers to a lot of
other questions, too, but this came to mind first, and gives a concrete
idea of where this argument is headed.) It must be taken for granted,
it seems clear, that simply attempting various policies that may be
proposed on actual economies and watching the outcome must not be
taken as a serious solution method: Social Experiments on the grand
scale may be instructive and admirable, but they are best admired at
a distance. The idea. if the marginal social product of economics is
positive, must be to gain some confidence that the component parts of
the program are in some sense reliable prior to running it at the
expense of our neighbors.

How is confidence of this sort earned? This is a question on the
answer to which economists are fairly well agreed, yet I cannot recall
where I have seen the nature of this agreement articulated. The central
idea is that individual responses can be documented relatively cheaply,
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occasionally by direct experimentation, but more commonly by means
of the vast number of well-documented instances of individual reac-
tions to well-specified environmental changes made available “‘natu-
rally” via censuses, panels, other surveys, and the (inappropriately
maligned as ‘‘casual empiricism’’) method of keeping one’s eyes open.
Without such means of documenting patterns of behavior, it seems
clear that the FORTRAN program proposed above cannot be written.
Suppose, on the contrary, that such means are available, or that we
have some ability to predict how individual behavior will respond to
specified changes. How, if at all, can such knowledge be translated
into knowledge of the way an entire society is likely to react to changes
in its environment?

To be more concrete, consider the question: How will a monkey
that has not been fed for a day react to a banana tossed into its cage?
I take it we have sufficient previously established knowledge about
the behavior of monkeys to make this prediction with some confi-
dence. Now alter the question to: How will five monkeys that have
not been fed for a day react to one banana thrown into their cage?
This is an entirely different question, on which the knowledge of
preferences (each monkey wants as much of the banana as he can get)
and technology (banana consumption in total cannot exceed unity)
gives us scarcely a beginning. We clearly need to know something
about the way a group of monkeys interacts, in addition to their
individual preferences, in order to have any hope of progress on this
complicated question.

People interested in the way groups of monkeys solve problems of
allocating scarce resources satisfy their curiosity by assembling groups
of monkeys and tossing them scarce resources. I have taken it as
given that we economists cannot proceed in this way, yet the allocation
of scarce resources is something we are admired for being experts at.
Economics is sometimes characterized as the working out of the im-
plications of the idea that individuals pursue their self-interest, yet we
have just observed how empty an idea this is, applied in isolation to
even the most trivial animal experiment. Can we imagine that it gains
power in some mysterious way when applied to human societies with
millions of participants?

The ingredient omitted so far is, of course, competition. Let us take
our banana, cut it into five pieces, give each of the five monkeys one
piece, and impose on them the rule they may interact only by exchang-
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ing banana pieces for minutes of backscratching, at some fixed rate.
(I confess to having no idea how this imposition might be effected in
practice.) Now in this situation, and given sufficient information as to
how individual monkeys are willing to trade-off backscratching and
banana eating, we can predict the outcome of this interaction (equilib-
rium price and quantities exchanged), at least given sufficient com-
putational ability. Notice that, having specified the rules by which
interaction occurs in detail, and in a way that introduces no free
parameters, the ability to predict individual behavior is nonexperi-
mentally transformed into the ability to predict group behavior.'!

I have emphasized that it is the hypothesis of competitive equilib-
rium which permits group behavior to be predicted from knowledge of
individual preferences and technology without the addition of any free
parameters. This needs further illustration, in contexts closer to our
interests than animal experiments. Employment and nominal wages
are, in an immediate sense, determined by some very complicated
labor market interactions involving employees and employers. It is
possible, we know, to mimic the aggregate outcome of this interaction
fairly well in a competitive equilibrium way, in which wages and
manhours are generated by the interaction of “‘representative’” house-
holds and firms.!? The parameters in this model describe either house-
holds’ willingness to substitute goods and leisure contemporaneously
and intertemporally or the technology available to firms.

It is also possible, in the manner of the neoclassical synthesis, to fit
a quite different model—a Phillips curve—to these same aggregate
outcomes. Here one also uses a parametric description (different, of
course, in this case) of preferences and technology and, in addition,
a parameter describing the speed with which an ‘“‘auctioneer’” adjusts
the nominal wage to excess demands and supplies. Now the introduc-
tion of a fictional auctioneer is not a defect of this second way of
looking at things, relative to the first. All models are fictions according
to the viewpoint I am taking, and in any case, an auctioneer is pre-
supposed in the first model too, but one operating so rapidly that he
is not noticed. Nor can it be a disadvantage of this second way of
modeling wage and employment determination that it cannot fit data
as well as the first: the addition of a free parameter cannot hurt in this
sense.

The disadvantage of the second model is this: there is no way to
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obtain information on the rate at which the wage is adjusted, this
added parameter, except by observing the entire system in operation.
If this parameter changes in reaction to changes elsewhere in the
system (as we know that in fact it does), there is no way to predict the
nature of these responses short of experimenting with the system as
a whole. Yet it is precisely the attempt to avoid having to do this that
leads us to use economic theory in the first place.

In the case of the equilibrium account of wage and employment
determination, parameters describing the degree of intertemporal sub-
stitutability do the job (in an empirical sense) of the parameter de-
scribing auctioneer behavior in the Phillips curve model. On these
parameters, we have a wealth of inexpensively available data from
census cohort information, from panel data describing the reactions of
individual households to a variety of changing market conditions, and
so forth. In principle (and perhaps before too long, in practice, for
there is a good deal of very promising research going on on just this
topic'?) these crucial parameters can be estimated independently from
individual as well as aggregate data. If so, we will know what the
aggregate parameters mean, we will understand them in a sense that
disequilibrium adjustment parameters will never be understood. This
is exactly why we care about the ‘"microeconomic foundations™ of
aggregate theories.'*

Researchers familiar with current work alluded to in the preceding
paragraph will appreciate the extent to which it describes hopes for
the future, not past accomplishments. These hopes might, without
strain, be described as hopes for a kind of unification, not dissimilar
in spirit from the hope for unification which informed the neoclassical
synthesis. What [ have tried to do above is to stress the empirical (as
opposed to the aesthetic) character of these hopes, to try to understand
how such quantitative evidence about behavior as we may reasonably
expect to obtain in society as it now exists might conceivably be
transformed into quantitative information about the behavior of imag-
ined societies, different in important ways from any which have ever
existed. This may seem an intimidatingly ambitious way to state the
goal of an applied subfield of a marginally respectable science, but is
there a less ambitious way of describing the goal of business cycle
theory?
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7 Concluding Remarks

This paper has been an attempt to understand and clarify the nature
and origins of some recent developments in business cycle theory. In
taking an historical point of view, it may be that I have inadvertently
adopted the Marxist tactic of describing what I would like to have
happen as something that History has already ordained. I have, cer-
tainly, emphasized what seems to me the decisive importance of im-
provements in the analytical equipment we have at our disposal, but
with the intent of stressing the expansion of our opportunities these
improvements offer, not particular directions they dictate. For this
reason, | have tried to avoid claiming too much for the particular
examples of equilibrium models that now exist. There is no point in
letting tentative and, I hope, promising first steps harden into positions
that must be defended at all cost.

If an historical approach cannot guarantee an ability to foresee the
future, it does seem to me to aid in distinguishing those elements in
past thinking that remain useful from those that do not. The neoclas-
sical synthesis arose, as does all useful economics, from a compromise
between what we would like to have known and what the methods at
our disposal seemed to make it possible to know. Nothing could be
more detrimental to the productive use of methods more recently
developed than to view the categories and constructs that were pro-
duced by this compromise as constraints on the way we think about
business cycles today.

Notes

1. I do not know the background of this view of theory as physical analogue,
nor do I have a clear idea as to how widely shared it is among economists. An
immediate ancestor of my condensed statement is [43].

2. In the preface to the General Theory, pp. Vi-Vii.

3. Again, from the preface to the General Theory, p. viii: *"The difficulty lies,
not in the new ideas, but in escaping from the old ones.”” But it would take
more work, I know, than locating a single quotation to convince a sceptic on
this point.

4. Samuelson's correspondence principle proposed the use of his stability
theory as a criterion to aid in deciding which stationary equilibrium points
might actually be observed, and which not: **How many times has the reader
seen an egg standing on its end?’’ Here the idea is clearly to decide which
static egg-equilibria are empirically interesting, not to offer an empirically
useful dynamic model of rolling or wobbling eggs. Indeed, Gordon and
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Hynes’s [10] criticism of the use of Samuelsonian disequilibrium price dynam-
ics as a description of observed price paths received central support from [37].
S. An argument for fatality is in [26].

6. See [7, 35, 45]. One way to interpret these models is as attempts to modify
the price dynamics of the neoclassical synthesis so as to permit monetary
expansion to share at least some of the blame for the 1970s inflation with
OPEC, etc. (and for inflation in Argentina, Chile, and innumerable other
examples in which high inflation has been associated with subtrend real output
and employment). Another way is discussed in note 14.

7. Muth formulated the hypothesis of rational expectations using the Simon
[42]-Theil [46] idea of certainty-equivalence though his introductory discussion
makes it clear that the idea is applicable in situations where certainty-equiv-
alence may not be. Its basic logic is not difficult to restate within the Arrow-
Debreu contingent claim framework: see [24] for one example.

8. 1 do not mean to suggest that considerations of choice under uncertainty
played no role in the neoclassical synthesis. Both portfolio theory and inven-
tory theory were used. for example, to motivate particular hypotheses about
demands for money and other assets [4, 48, 49]. Nevertheless, the concept of
market equilibrium used was that of static, deterministic general equilibrium
theory.

9. Some early examples are [20, 21, 41, 38, 3]. Of these, only [20] utilizes the
contingent-claim general equilibrium formalism throughout. The others use
linear approximations, motivated informally by reference to the contingent-
claim models. It seems clear that econometrically operational models will
necessarily have to rely on liberal use of approximate, linear methods.

10. 1 have in mind the line of research described by Malinvaud in [27] and
recently surveyed by Drazen in [6].

The lesson that two models may be ““close’" in the sense of fitting the same
data about equally well yet have radically different implications for policy was
brought home forcefully in [41] and elaborated in a more general way in [39].

I1. This is a case for the use of explicit game theory in general. not for the
use of competitive theory in particular. The case for the use of competitive
theory in modeling business cycles would, if 1 were to develop it here, be
based entirely on convenience, or on the limits imposed on us by available
technology for working out the implications of other equilibrium definitions.

This qualification to the text must also qualify the claim that equilibrium
theory requires the introduction of no free parameters other than those used
to describe individual tastes and technology. That is to say. insofar as there
is considerable latitutde as to which equilibrium concept is being used, one
can think of selecting one of them as the fixing of a “free parameter.” This
does not seem to me a serious issue in practice at the present time. but one
can imagine it becoming so through further development in theories of non-
competitive games.

This observation that noncompetitive games may someday prove to be of
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use in business cycle theory, which seems difficult to quarrel with, is some-
times used to rationalize wholly arbitrary models unrelated to any well defined
game. | hope it is clear that this note is not intended as a defense of this
practice.

12. See [25] though parts of this study need updating. A modern replication
of this study would utilize ideas in [40, 12].

13. For example. [9. 13. 19, 1]. I hasten to add that these and related studies
were not motivated or intended as support or confirmation of Rapping's and
my results. nor is at all clear at this stage that they are leading to estimates
consistent with ours. My point i1s simply that equilibrium aggregate models
carry implications for a variety of other kinds of data. raising the possibility
of independent confirmation (and contradiction) of estimates from aggregative
time series.

14. Do the models cited in note 6 constitute a third class. intermediate to those
just discussed? I do not believe so. If contract length in these papers is viewed
simply as a free parameter (as note 6 interprets them) then this parameter is
as unintelligible (in the sense of this paragraph) as that describing the rapidity
of an auctioneer's adjustment. If. on the other hand. contract length is viewed
as emerging from a decision problem solved by agents then these models. so
elaborated. would be equilibrium models (with a different commodity space
than those discussed above) and would not necessarily serve to reinforce the
point of view toward policy taken by the neoclassical synthesis.

Whether this observation should be taken as severe criticism of contract-
based models depends. of course. on one’s views as to the likelihood of our
being able to account for business cycles using no free adjustment parameters.
Certainly this question must be regarded as open at present. and however it
may be resolved. it must surely be the case that models with one or two free
adjustment parameters represent analvtical progress over models with dozens.
or hundreds. of them.
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