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The paper describes an artificial economy in which firms in different
sectors make inventions at different times but innovate simulta-
neously to take advantage of high aggregate demand. In turn, high
demand results from simultaneous innovation in many sectors. The
economy exhibits multiple cyclical equilibria, with entrepreneurs’
expectations determining which equilibrium obtains. These equilib-
ria are Pareto ranked, and the most profitable equilibrium need not
be the most efficient. While an informed stabilization policy can
sometimes raise welfare, if large booms are necessary to cover fixed
costs of innovation, stabilization policy can stop all technological
progress.

I. Introduction

At least since Keynes (1936), economists have suspected that an au-
tonomous determinant of agents’ expectations can lead them to do
business in a way that makes these expectations come true. Several
recent studies confirmed this suspicion by exhibiting economies with
multiple self-fulfilling rational expectations equilibria. Most notably,
Azariadis (1981), Cass and Shell (1983), Grandmont (1983), and
Farmer and Woodford (1984), among others, investigate such
equilibria in overlapping generations models, while Diamond (1982)
and Diamond and Fudenberg (1982) study them in a model with
search-mediated trade. None of these studies, however, focuses on
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Keynes’s specific concern about the influence of the state of long-term
expectation, or business confidence, on businessmen’s plans to under-
take or postpone investment projects. A model addressing this con-
cern is presented in this paper.! In the model, entrepreneurs hold
partly arbitrary but commonly shared expectations about the future
path of the economy and independently choose a pattern of invest-
ment that fulfills these expectations. Expectations influence the cycli-
cal behavior of macroeconomic variables, the efficiency properties of
the economy, and, in some cases, long-run development as well.

Specifically, the theory describes the possibilities for both cyclical
and noncyclical implementation of innovations occurring despite the
steady arrival of inventions.? The model is one of a multisector econ-
omy, in which each sector receives ideas about cheaper means for
producing its output. Such inventions arrive to each sector at a con-
stant rate. When a firm in a sector invents a low-cost technology, it can
start using it at any time after the invention. Although the inventing
firm can profit from becoming the lowest-cost producer in its sector,
such profits are temporary. Soon after the firm implements its inven-
tion (“innovates”), imitators enter and eliminate all profits. For this
reason, the firm would like to get its profits when they are the highest,
which is during a general boom. Expectations about the date of ar-
rival of this boom determine whether the firm is willing to postpone
innovation until the boom comes.

! Several recent theoretical studies are related to the current discussion. Weitzman
(1982) and Solow (1985) discussed multiple Pareto-ranked equilibria in economies with
increasing returns; my work sheds doubt on the importance they attribute to the
increasing returns assumption. Rotemberg and Saloner (1984, 1985) study oligopolies
that intensify exogenously started booms through price wars or inventory buildups.
Their work shares with mine the “unsmoothing” character of private agents’ response
to macroeconomic fluctuations, though they do not model endogenous cycles. Finally,
Judd (1985) discusses a completely different mechanism that leads to innovation cycles.
In his model, there is an infinite supply of possible innovations, but when firms in-
troduce too many new products within a short time, they compete for the same con-
sumer resources and reduce profits from each particular product. Furthermore, when
imitation leads to price reductions for recently introduced products, consumers substi-
tute toward these products, making entry by yet newer products even less profitable. As
a result, after a period of innovation, entrepreneurs wait until the secular growth of the
economy renders further innovation profitable. Judd’s mechanism is almost the oppo-
site of mine: innovations in his model repel rather than attract other innovations.

2 Because of the essential role played by innovation in this paper, the theory of
business cycles it presents might (incorrectly) be thought to be Schumpeterian.
Schumpeter (1939) thought the innovation process to be essentially autonomous and
completely independent of market demand. His inventors create markets rather than
adapt to enter good markets. In contrast, Schmookler (1962, 1966) believed that inno-
vation occurs in markets in which demand is substantial and profits from innovation
can be great. My theory, then, is more Schmooklerian than Schumpeterian. Schmook-
ler, however, insisted that expectations are adaptive and that innovation takes place in
the markets in which demand has proven to be high. My work, in contrast, emphasizes
foresight as a determinant of the timing of innovation.
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If all firms owning inventions share the expectations about the
timing and size of the general boom, they can time their innovations
to make this boom a reality. When firms in different sectors all antici-
pate an imminent boom, they put in place the inventions they have
saved. By innovating simultaneously, firms give a boost to output and
fulfill the expectation of a boom. When, on the other hand, firms
expect a boom only in the distant future, they may choose to delay
implementation of inventions. When firms in different sectors post-
pone innovation, the economy stays in a slump. A firm in a given
sector affects the fortunes of firms in other sectors by distributing its
profits, which are then spent on output of firms in all sectors. In turn,
they benefit when profits from other sectors are spent on their own
products. By waiting to innovate, all firms contribute to the general
prosperity of a boom, which affords them profits that are worth wait-
ing for.

When expectations drive investment, the economy can fluctuate
without fluctuations in invention. Any of a number of cycles of differ-
ent durations can be an equilibrium, depending on agents’ anticipa-
tions about the length of the slump. The longer is the slump, the
bigger is the boom that follows it. One possible equilibrium outcome is
the immediate implementation of inventions, in which case output
grows without a cycle. When the economy does fluctuate, it falls be-
hind its productive potential as firms postpone innovation but catches
up in a boom. Productivity grows in spurts. An economy with these
features is described in Sections IT-III.

The possibility of a cyclical equilibrium sheds doubt on a frequently
articulated view that a market economy smooths exogenous shocks.
Inventions here can be interpreted as shocks hitting the economy,
which are essentially identical each period. But these shocks can be
“saved.” If they are, the stock of technological knowledge grows
steadily but is embodied into technology periodically. The economy
follows a cyclical path when a much smoother path is available.

When expectations are autonomous, the economy can end up in
any of its several perfect-foresight stationary cyclical equilibria. These
equilibria are Pareto ranked, so the economy can settle into a very bad
equilibrium. But expectations need not be truly autonomous; they
may reflect agents’ preferences over equilibria. For example, some
equilibria may generate higher profits for all firms whose actions
affect the equilibrium path. If the myriad of firms in the economy
could coordinate on production plans supporting this equilibrium, it
is arguably the natural outcome to expect. The question then arises
whether the most profitable equilibrium is the one preferred by con-
sumers. Section V shows that if innovation does not require fixed
costs, the acyclical equilibrium is both the most profitable and the
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most efficient. In contrast, Section VI supplies an example in which,
with contemporaneously incurred fixed costs, the most profitable
equilibrium is cyclical, but the most efficient one is acyclical. The
example raises the possibility of a disagreement between workers and
firm owners over the preferred path of the economy.

In the model discussed in Sections 11-VI, long-term development
of the economy is independent of which equilibrium obtains. In the
long run, all good ideas are put to use, with or without business cycles.
Since cycles are inefficient, a countercyclical fiscal policy that could
steer the economy to the steady growth equilibrium would be desir-
able. An example of such a policy, presented in Section VII, is a
progressive tax system (or a tax surcharge during booms) that reduces
the profitability of innovation during booms and thus eliminates cy-
cles and raises welfare.

In general, however, long-term development might rely on the
cycle, and an ignorant countercyclical policy might be harmful. For
example, if each innovator must incur a fixed cost in the period prior
to innovation (e.g., he must build a plant), large sales during booms
may be necessary to enable the entrepreneur to cover his fixed costs.
Innovations introduced during slumps may lose money, and even
steady growth equilibria may fail to sustain innovation because of an
insufficient level of aggregate demand. In this case, only a cyclical
equilibrium is compatible with implementation of inventions. In an
alternative equilibrium (called “stone-age”), firms never expect a
boom and do not innovate at all.

If the government understands that long-term growth can be sus-
tained only with fluctuations, it will forgo stabilization policy. An at-
tempt to eliminate the cycle with aggregate demand management at
best will be wasteful and at worst will steer the economy into the stone-
age equilibrium. The success of countercyclical policy should be
Judged in the light of the possibility that an ignorant policy can entail
substantial welfare losses if it blocks technological progress.

While focusing on the role of expectations and on coordination, I
depart significantly from a down-to-earth theory of investment. Capi-
tal in the model is a stock of knowledge embodied into a technology
that uses no durable assets. Investment constitutes taking available
ideas that are not being used and adding them to the stock of utilized
knowledge. The cycles are implementation cycles rather than cycles in
physical investment. Knowledge, however, is a very imperfect proxy
for a physical asset since it does not offer the same opportunities for
physical smoothing of consumption. Section VIII discusses the conse-
quences of introducing capital into the model and considers addi-
tional assumptions that must be made to preserve the results. It also
discusses additional extensions and presents conclusions.
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II. Setup of the Model
A. The Consumer

The household side of the economy consists of one representative
consumer, who lives for an infinite number of discrete periods. The
consumer’s preferences are defined each period over a list of N
goods, which is constant over time. The lifetime utility function is
given by
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where N = 1/N and x;; is consumption of good j in period t.

I use Cobb-Douglas preferences within a period to abstract from
substitution between different goods.” In a model addressing mac-
roeconomic questions, equilibrium in each sector should be deter-
mined by aggregate demand and not by prices in other sectors, a
property guaranteed by Cobb-Douglas preferences. The infinitely
lived consumer formulation assures that the results are not driven by
the restricted market participation property of overlapping genera-
tions models. All the results I present also hold in a finite-horizon
economy.

Assume that in period ¢ each good j is sold at the price p,; on a
separate market and that the consumer’s income is y,. If the interest
rate paid at time ¢ is denoted by r,_ |, the consumer’s budget constraint
is
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where D, = (1 + r) ... (1 + r)and Dy, = 1.

The assumption of one lifetime budget constraint for the represen-
tative consumer relies on perfect capital markets. In particular, it
means that an entrepreneur can borrow against the profits (known
with certainty) that will be earned from his yet unmade invention. We
can think of inventors selling the claims to profits from future inven-
tions in a competitive stock market so that all these claims are traded
from the start. The model thus allows for consumers with heteroge-
neous wealth levels (specifically, inventors and noninventors) and for
capital market transactions between them. Once these transactions

? Cycles of the type I discuss will be easier to sustain, the less substitutability there is
between different goods.



