
This book focuses on the rapidly growing research field of imperfect
competition, asymmetric information and other market imperfections in a
macroeconomic context. It brings together leading researchers from the
USA and Europe to examine the implications for macroeconomic policy
of imperfections in output, labour and financial markets. The contribu-
tions include state-of-the-art research at the frontier of the discipline, as
well as several general surveys and expository chapters which synthesize
the large literature. This is the first volume of previously unpublished re-
search papers to focus exclusively on this literature. It should be a valuable
resource for graduate students and researchers in macroeconomics.
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Preface

This book arose out of the seventeenth Summer Workshop held at
Warwick University on 12-30 July 1993, with the same title as this volume.
We had felt for some time that there was a need for a conference to bring
together some of the people involved in the study of various 'market
imperfections' and their implications for macroeconomics. We had become
aware of the rapidly burgeoning literature in the particular area of
imperfect competition and macroeconomics in the course of writing our
survey (Chapter 2 in this volume) over the period 1988-91. We wanted to
organize a conference that would explore this along with other topics:
financial market imperfections, bounded rationality, and menu costs, to
name but a few. The idea coalesced with some encouragement and
prodding from Marcus Miller, and our idea was generously funded by the
Economic and Social Research Council of the UK, and by the Human
Capital and Mobility Programme of the EU Commission.

The workshop was a great success, and we would like to thank all those
who came for making it so. All of the contributors to this volume attended
the workshop. The papers appearing here were either given at the work-
shop, or were 'commissioned' there specially for the volume, with the
exception of two reprints (Chapters 2 and 4) which are included because
they particularly complement the general theme. We would like to thank all
the authors for their discipline and goodwill in enabling us to send the final
manuscript off to the Press by July 1994, only twelve months after the
workshop.

The Warwick conference was to be the first of several exploring the
themes in this book. In January 1994, the CNRS and French Ministry of
Finance organized a conference on 'Recent Developments in the Macro-
economics of Imperfect Competition', and in July 1994 a conference funded
by the EU Human Capital and Mobility Programme (and others) was held
at Carlos III University, Madrid, on 'Alternative Approaches to Macro-
economies'. These three conferences together have served to create a
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momentum and sense of common purpose amongst economists from both
sides of the Atlantic working in these areas. We very much hope that this
volume captures some of the excitement and atmosphere of these confer-
ences (the proceedings of the Paris conference are to be published in a
special edition of the Annales d'Economie et de Statistique).

Lastly, we would like to thank the various people who have helped us,
both in organizing the workshop, and in putting together the book. At
Warwick these include Marcus Miller, the workshop chairman, and Mandy
Eaton, the invaluable secretary to many Warwick workshops; also the
Economics Department chairman Nick Crafts, organizing committee
member Jonathan Thomas, and members of the Economics Department
secretariat who helped out during the three-week event. At York Univer-
sity, Marta Aloi and Michele Santoni very efficiently prepared the index. At
Cambridge University Press we are very grateful to Patrick McCartan for
his help and encouragement along the path to publication.
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Introduction

Huw David Dixon and Neil Rankin

A landing on the non-Walrasian continent has been made. Whatever
further exploration may reveal, it has been a mind-expanding trip: we need

never go back to — = cc(D — S) and q = min (S, D)at
E.S. Phelps and S.G. Winter, in Phelps et al (1970, p.337)

There have always been many streams of thought in macroeconomics. In
this volume we have brought together what seem to us to be several
convergent streams which deserve the title The New Macroeconomics'.
This title is chosen to be consonant with the terms 'New I.O.' and 'New
International Trade Theory'. In each case, the adjective 'new' has referred
to the transformation of an existing area of economics by a shift of
approach, the introduction of new microeconomic theory. In the case of the
New I.O. in the early 1980s, this was the first field of economics to apply
(and develop) the then recent developments in game theory in the late
1970s. In the case of the New International Trade Theory, it was a shift
away from the Walrasian paradigm of price-taking agents in competitive
markets towards the Brave New World of imperfectly competitive firms in a
strategic environment. It is indeed a Brave New World, if only because it is
less familiar and more heterodox.

One of the main themes in the New Macroeconomics has been the shift
towards a macroeconomics based on microfoundations with market imper-
fections of one kind or another. As in International Trade Theory, this has
primarily led to a focus on imperfect competition itself, either in labour or
product markets (or both). However, the emphasis has also been on
integrating imperfections in financial and labour markets based on imper-
fect/asymmetric information in these markets. Most recently, there has
been a growing interest in the issue of bounded rationality in macroecon-
omics (see for example Sargent, 1993, for an excellent summary). Whilst we
would subsume all of the 'New Keynesian' literature under this umbrella,

1



2 Hun David Dixon and Neil Rankin

we have avoided the term here, and opted for a more general concept. The
reason for this is that we do not believe that the New Macroeconomics is
necessarily or inevitably 'Keynesian' in its flavour. Whilst the title of this
volume indicates that we might have a prior that market imperfections may
tend to lead to policy effectiveness, we certainly do not believe this to be a
general truth. The functioning of imperfect markets is of necessity more
diverse than 'perfect' markets, and hence can sustain a wide variety of
macroeconomic properties.

This volume aims to provide a snapshot of what to us are some of the
more interesting developments in the New Macroeconomics.1 There are
three sorts of studies in this volume. First, there are overviews and surveys
of the area. These are in part I: our own survey (chapter 2) focuses on the
key macroeconomic issues of the positive and welfare effects of monetary
and fiscal policy; Benassy's chapter 1 investigates whether imperfectly
competitive macromodels have properties of a more 'classical' or 'Keynes-
ian' nature; Dick Startz in chapter 3 provides a very lucid perspective on
imperfect competition and specifically 'New Keynesian' economics.
Secondly, there are three specially commissioned chapters written in
'handbook' style, concentrating on a clear exposition of the main ideas,
suitable for graduate students and non-specialists in the area. These are
Hillier and Worrall's chapter 12 on the macroeconomic implications of
financial market imperfections, Alan Sutherland's chapter 16 on the
macroeconomic implications of menu costs on the micro level, and Andrew
John's chapter 6 on externalities. Thirdly, there are ten original research
papers at the forefront of the discipline (chapters 4,5,7-11,13-15). We thus
hope that there is something in this volume for everyone, and that it will
provide a useful resource for those interested in new developments in
macroeconomics, from graduate students upwards.

The volume is divided into five parts. Part I contains the overviews and
perspectives on the general field. The subsequent parts collect together the
studies on specific market imperfections: goods market imperfections in
Part II, labour market imperfections in Part III, financial market imperfec-
tions in Part IV, and lastly the themes of bounded rationality and nominal
rigidities in Part V. In this Introduction, we will discuss the main ideas and a
little of their history and timing. We are not historians of economic
thought, but we believe that the discipline needs some historical perspec-
tive, and so provide a sketch of the ideas. This is very much a personal
perspective, and should not be taken as a definitive piece of scholarship.

Imperfect competition and macroeconomics: a brief history

Whilst the idea that imperfect competition might be important for macro-
economics is as old as macroeconomics (dating back to Kalecki), the
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formalization of this idea had to wait until the late 1970s.2 The microecon-
omics of a monetary Walrasian economy (by which we mean one in which
prices clear markets so that supply equals demand) was well developed in
the 1950s, most notably with Don Patinkin's Money, Interest and Prices,
which laid the foundation for the Neoclassical synthesis.3 Several writers
(notably Clower, 1965 and Leijonhufvud, 1968 and including to some
extent Patinkin himself) saw the foundations of macroeconomics as based
on something different from the Walrasian equilibrium model.

The first full formalization of this 'non-market-clearing' approach in a
macroeconomic context was Barro and Grossman (1971, 1976). They
formulated a simple general equilibrium model which kept the Walrasian
assumption of price-taking by firms and households, but assumed that
prices were exogenously given at non-market-clearing levels (the Walrasian
market-clearing outcome was a special case). It was Jean-Pascal Benassy's
Ph.D. thesis at Berkeley under Gerard Debreu (Benassy, 1973),4 which fully
integrated this non-market-clearing approach to macroeconomics with
traditional microeconomics. The advantage of this non-market-clearing
approach was that it enabled us to understand the phenomena of effective
demand, the multiplier and involuntary unemployment which were (and
are) seen by some as central to understanding macroeconomic phenomena.
This approach became known as the fix-price approach (after John Hicks'
distinction between fix and flex price models), and was popularized by
Edmond Malinvaud in his The Theory of Unemployment Reconsidered
(1977).

The obvious problem with the fix-price approach is that it treats prices as
exogenous. Apart from the analysis of the then centrally planned
economies,5 this assumption really only applies to a transitory state, a
'temporary equilibrium' (as is clear in Benassy's work). The key question
naturally arose of how you make prices endogenous. This is an issue for
Walrasian as well as fix-price models. Whilst it is straightforward to treat
prices as endogenous in a mathematical sense in a supply and demand
model, it is very difficult to model it as the outcome of an economic process.
Arrow (1959) pinpointed the problem in his paradox: the model of perfect
competition is based on the assumption that all agents act as price-takers,
yet it requires someone to make the prices, ensuring that prices adjust to
bring supply and demand into balance. The microfoundations of perfect
competition are an obscure and difficult subject.

One obvious solution to the problem of how to make prices endogenous
is to introduce price-setting6 agents into the macroeconomic system.
Essentially, this means introducing an alternative equilibrium concept to
the common Walrasian one. There had been some attempt to do this in a
microeconomic general equilibrium setting (most importantly Negishi,
1961; Arrow and Hahn, 1971, pp. 151-68; Marshak and Selten, 1974).
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However, the integration of price-setting into a macroeconomic setting
occurred in the mid-1970s with a series of studies (Benassy, 1976, 1978;
Grandmont and Laroque, 1976; Negishi, 1978, 1979). All of these studies
adopted the 'subjective demand curve' approach. In essence, the firm had a
conjectured demand curve, which was tied down only by the 'Bushaw-
Clower condition' that it passed through the actual price-quantity pair.
This literature never prospered: the dynamics of the models rested on the
way firms updated their subjective demand curves, and hence were to some
extent arbitrary. Hahn (1978) tried to tie down the subjective conjectures by
some notion of 'rationality', but his solution produced a multiplicity of
equilibria, and was shown to rest crucially on an arbitrary property of non-
differentiability in conjectures (see the comment by Gale, 1978).

The breakthrough that was to pave the way for subsequent work was
Oliver Hart's study (1982), which was first circulated in an earlier version
(1980). In this, Hart introduced and made operational the notion of an
objective demand curve in a general equilibrium setting (see Hart, (1985b)
for a full discussion). The basic idea was to define the demand curve facing
the agents (in Hart's case Cournot oligopolists and quantity-setting unions)
in terms of the actual consumer demand under certain well specified
assumptions about what was constant as agents varied their quantities (e.g.
consumer incomes, prices in other markets). The term 'objective' is perhaps
a little extreme, as there is an essential arbitrariness in the assumptions
made to derive the demand curve. However, the degree of arbitrariness
seemed much smaller than with subjective demand curves, and the concept
very rapidly caught on.

Introducing imperfect competition into the macroeconomic model had
powerful implications. Just as monopoly or trade unions restrict output
and employment in microeconomic models, so they might in the macrocon-
text. However, one of the most important differences is in welfare analysis:
imperfectly competitive equilibria are of their nature usually socially
inefficient. Hence the monopolist will set its price in excess of marginal cost,
and the union will restrict employment in order to raise wages above the
(marginal) disutility of labour. This inefficiency stands in stark contrast to
the Walrasian equilibrium, which is in general Pareto optimal (from the
First Fundamental Theorem of Welfare Economics). This inefficiency can
take the form of involuntary unemployment. Furthermore, the social
inefficiency of equilibrium gives rise to the exciting possibility that if
monetary or fiscal policy is able to raise output and employment, it may
give rise to an increase in welfare. Some of these possibilities were realized in
Oliver Hart's study, which thus had as part of its title '.. .with Keynesian
Features', the Keynesian Features being a multiplier and involuntary
unemployment.
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The development after Hart's study was rapid. There are several different
strands of analysis. We shall deal with them in turn (we do not mean to
suggest any priority by our order). The first strand concerned monopolistic
competition and menu costs - the so-called PAYM model after Parkin
(1986), Akerlof and Yellen (1985a), and Mankiw (1985). In essence, these
models used menu costs/bounded rationality to provide some nominal
price (wage) rigidity using the fact that a price- (wage)-setting firm would
set prices (wages) at an optimal level.7 The second set of studies was
concerned with the issue of the effect of imperfect competition on the size of
the fiscal multiplier in an economy with a competitive labour market
(Dixon, 1987; Mankiw, 1988; Startz, 19898). These models all came up with
the profit-multiplier relationship, that is the notion that imperfect compe-
tition in the output market leads to a higher multiplier because imperfect
competition leads to higher profit margins, profits increase with output,
and hence a feedback multiplier occurs. These results are, however, very
sensitive to assumptions about technology and preferences (see Dixon and
Lawler, 1993), and open to different interpretations (Dixon describes this
multiplier as Walrasian since welfare is decreasing with output, whilst
Mankiw and Startz interpret it as Keynesian).

The menu cost and multiplier studies had concentrated on imperfect
competition in output markets only. It was Snower (1983), d'Aspremont et
al. (1984), Benassy (1987), Blanchard and Kiyotaki (1987)9 and Dixon
(1988) who developed the implications of imperfect competition in a
unionizedeconomy. In this setting, there is explicitly involuntary unemploy-
ment, and output increases can in principle generate welfare increases due
to this. However, all of the studies with competitive or unionized labour
markets agree that monetary policy is neutral (see Benassy, 1987 for the
most general statement here) without some feature overriding the underly-
ing homogeneity of demand equations.

In parallel with the preceding developments, and largely separate from it,
was Hall's work on imperfect competition in response to the Real Business
Cycle (RBC) movement. Hall (1986, 1988) pointed out that fluctuations in
the 'Solow residual' are not exclusively attributable to productivity once
price exceeds marginal cost, thus weakening a key part of the empirical case
in favour of RBC theory (the mainstream RBC literature was exclusively
Walrasian in its assumptions - see Plosser, 1989, for a survey). However, it
is only recently that imperfect competition has become common in RBC
models (for example, Rotemberg and Woodford 1992; Horstein, 1993).

This is as far as we will go: the scene is set for our survey below to go into
the details of some of these and subsequent developments in imperfect
competition. The chapters in Part II of the volume, and Omar Licandro's
chapter 7 in Part III are examples of the current state of play in this area.
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Contract theory

The response of mainstream Keynesian macroeconomists to the New
Classical Policy Ineffectiveness propositions of the mid-1970s was the
theory of overlapping wage contracts. Gray (1976), Fischer (1977), Taylor
(1979) and others put forward variants of this story. However, their models
lacked serious microfoundations, and did not offer rigorous explanations
of the form of contract, or how its level was arrived at. A second type of
literature on contracts which developed slightly earlier was the 'implicit
contract' approach initiated by Baily (1974) and Azariadis (1975). Implicit
contract models aimed to explain the rigidity of real wages and hence the
existence of an equilibrium level of unemployment. The argument was
based on the assumption that workers are more risk-averse than firms, and
so optimal risk sharing dictates that the firm insures the workers by keeping
wages fixed over the business cycle. The difficulty with this from the
macroeconomists' perspective was that unless there is some restriction on
the form of contract or asymmetric information (on the latter, see Gross-
man and Hart, 1981), the employment level is first best, notwithstanding
any wage rigidity. Furthermore, all of the early implicit contract models
were microeconomic and essentially partial equilibrium.

Much work has been done on the theory of contracts since the initial
studies, and the notion of implicit or explicit contracts is central to several
chapters in this volume. Chapters 4 and 9 by Cooper and by Schultz make
use of 'efficient' contracts in the labour market, and in Schultz's case the
analysis rests on the characterization of self-enforcing contracts. Acemoglu
(chapter 13) looks at the role of contracts in creating nominal rigidities, by
considering agents' choices between nominal and real contracts motivated
by the desire to hedge against price fluctuations. Contracts in finance
markets (debt contracts) also lie behind the theories of the business cycle
surveyed in Hillier and Worrall's chapter 12.

Efficiency wages
The theory of efficiency wages has its origins in the analysis of labour
markets in Less Developed Countries (see, for example, Leibenstein, 1957;
Stiglitz, 1976). The efficiency wage model belongs to the general class of
monopsony labour market models, and provides an equilibrium derived
under the assumption that firms set wages under conditions of asymmetric
information, turnover costs and so on. The first application of the theory of
efficiency wages to a macroeconomic context in developed countries came
later: Solow (1979), Weiss (1980), Shapiro and Stiglitz (1984). The common
thread of all of the efficiency wage stories is that the firm may choose to set a
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wage which results in unemployment (a queue for employment). The basic
intuition for this is that there is a positive relationship between the wage
offered and the 'quality' of labour (this 'quality' can be productivity, effort,
or propensity to quit). Offering a lower wage may therefore lead to a lower
'quality', and this may mean that despite queues for jobs ('involuntary
unemployment'), firms may not wish to lower the wage (and hence the
quality) paid to workers.

The difference between this literature and the standard 'imperfect
competition' work is that it has tended to focus almost entirely on the
labour market and adopted a partial equilibrium framework. For a
treatment that integrates efficiency wages with the temporary equilibrium
approach, see Picard (1993, chs. 6-8), and for the explicit implications of
efficiency wages for the business cycle see Danthine and Donaldson (1990)
and Strand (1992a). Chapter 8 by Gilles Saint-Paul extends this literature
by showing how an efficiency wage mechanism can affect not only the level
and variability of unemployment, but also account for its persistence. Jon
Strand's chapter 10 explores the issue of the timing of environmental policy
intervention in the business cycle. Efficiency wage theory remains one of the
main theories of unemployment, and its full potential in an explicitly
general equilibrium macroeconomic framework is yet to be realized.

Credit market imperfections

That financial factors such as bankruptcies and indebtedness play a major
role in economic fluctuations is a truism amongst non-economists. How-
ever, it was not until the 1980s that satisfactory formal models were
developed to explore these factors (as opposed to the merely 'monetary'
models). This is not to belittle the important contributions of many
economists earlier in the century, most notably Irving Fisher (1933) and his
work on debt deflation, but such work was not central to mainstream
economics.10 Indeed, much of the formal finance literature stressed the
irrelevance of financial factors for real decisions such as investment: most
notably the Modigliani-Miller Theorem (1958). The rapid development of
the literature on asymmetric information in the 1980s opened up this field,
as in the case of efficiency wages.

If lenders cannot costlessly observe the relevant characteristics of
borrowers, banks might choose to set an interest rate which results in an
excess demand for credit (Stiglitz and Weiss, 1981). This of course has an
explicitly monetary flavour, and can be given a directly macroeconomic
context: see, for example, Greenwald and Stiglitz (1993), Stiglitz (1992). In
these circumstances the borrower's net worth becomes a key determinant of
net investment and hence future net worth. This provides a key mechanism
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for the propagation of shocks through time. The non-linearities created by
asymmetric information also make multiple equilibria and cycles likely, so
that fluctuations can be self-sustaining.

Coordination failures

The concept of coordination failures is in some ways an old one: it is clearly
present in Leijonhufvud's reappraisal of Keynes, for example (Leijonhuf-
vud, 1968). However, the concept was first formalized by Cooper and John
(1988),11 using the concept of strategic complementarity developed by
Bulow et al. (1985). The basic idea is simple: if the activities of agents are
strategic complements, then the individual level of activity is an increasing
function of the aggregate level of activity. If we add to this the feature of a
'spillover' or 'externality' (we will not enter the debate about how these
words should be used!), then multiple Pareto-ranked equilibria are
possible.12 Although this idea was formalized in the late 1980s, it has proven
a powerful tool for understanding previous work: in particular, the multiple
equilibria in Diamond's coconut model of search (Diamond, 1982).13

Andrew John's chapter 6 provides a very useful classification of types of
externalities and the similarities and differences between externalities in
models of imperfect competition and search models. d'Aspremont et al. in
chapter 5 also explore the issue of coordination failure in the context of an
overlapping-generations model of imperfect competition.

New Classical and New Keynesian economics

All of the strands we have identified above have been designated 'New
Keynesian' by Greg Mankiw and David Romer (1991). The adjective 'New
Keynesian' has in fact had a variety of interpretations (see Gordon, 1990;
Ball et al., 1988; Frank, 1986). Just as the New Classical school is based in a
few US economics departments, so the 'New Keynesians' are based in a few
departments, mostly on the east coast (Massachusetts in particular).
However, as should be clear from the foregoing analysis, the 'Keynesian'
concerns have been continuous in Europe and elsewhere, due to the lesser
dominance of New Classical thought. In particular, due to obvious
empirical and institutional differences, the study of imperfect competition
(particularly in labour markets) has always had a higher prominence in
European countries: the assumption of perfect competition seems more
unpalatable and irrelevant. Just as in the 1970s Benassy described his own
work on temporary fix-price equilibria as 'neo-Keynesian', since it was
bringing new microeconomic theory to traditional Keynesian concerns, the
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term 'New Keynesian' is a useful catch-all term for some of the develop-
ments we have discussed above.

Of course, the developments we are considering were occurring alongside
the RBC phase of the New Classical school.14 This shared the desire for
microeconomic foundations, but found them in the intertemporal micro-
economics of perfect competition: the macroeconomics of perfect markets.
It is worth noting that the New Classical School has been primarily a US
phenomenon, and a fresh-water one at that. Whilst it certainly caught on as
the macroeconomic aspect of the free market ideology of some major
governmental and international bodies, it was never popular amongst
active academic researchers in Europe.

There was a clear contradistinction between New Classical and New
Keynesian analysis in the 1980s. First, they used different microeconomic
theories. The New Classical school put the emphasis on the competitive, the
intertemporal and the more dynamic; the New Keynesian put the emphasis
on the imperfectly competitive and more static. Second, they came up with
different views about the working of the market: the New Classical
economists saw fluctuations as efficient, resulting from the optimal res-
ponse of consumers and firms to taste and technology shocks; the New
Keynesians saw the level and size of fluctuations as resulting from market
failure, and hence not efficient.

Towards a New Macroeconomics

If we put together these developments in macroeconomics during the 1980s,
we believe that there is a clear movement towards the exploration of market
imperfections and their macroeconomic implications. The seeds of this
move were clearly sown sometime in the past: our whistlestop guide has not
even had time to mention Phelps et al.'s influential The Microeconomic
Foundations of Macroeconomics (1970) which has inspired many econ-
omists of differing persuasions. However, some time in the early to mid-
1980s, economists (established researchers and Ph.D. students) started to
explore some of these ideas in a formal and coherent way. The coherence of
the New Macroeconomics stems from its integration of microeconomics
into macroeconomic theory, and a willingness to try out new ideas.

The New Macroeconomics has a genuine transatlantic and indeed world-
wide base. Insofar as macroeconomists are interested in the proper
economic analysis of phenomena, rather than judging theory on its policy
conclusions, the differences and classifications based on policy (Keynesian
and Classical) will become increasingly blurred. To some extent this is
already happening. RBC theory can be written with imperfectly competi-
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tive foundations (see, for example, Hairault and Portier, 1993), and
competitive models can be written with boundedly rational agents (see
Evans and Ramey's chapter 15 in this volume) or other imperfections. The
recent explosion of interest in endogenous growth models is an obvious case
in point. It has aspects of the 'New Classical' (the dynamic and intertem-
poral), and the 'New Keynesian' (market failure, externality, increasing
returns, imperfect competition) approach. The leading researchers in this
field have included economists who are (were?) New Classical (Robert
Lucas and Robert Barro, for example), and more Keynesian economists
(Larry Summers, for example). It seems to us that the boundary between
the two schools of the 1980s is rapidly disappearing in the 1990s.

Ever since Keynes 'invented' macroeconomics as a discipline, there have
always been attempts to integrate the macroeconomic with the microecon-
omic. This process has been accelerating over the last two decades, and we
believe that the exploration of imperfect markets will lie at the heart of the
enterprise in the years to come. This volume provides a snapshot of some of
the more interesting work being done in this area. We very much hope that
macroeconomic theorists will prove willing to explore this Brave New
World in all its diversity. It has taken longer than anticipated by Edmund
Phelps and Sydney Winter, but a quarter of a century after their prophecy,
it is clear that the trip continues to expand minds.

Notes
1. The most obvious omissions are endogenous growth theory and the policy

games literature. We felt that these were well covered elsewhere.
2. Although there are some exceptions: see, for example, Ball and Bodkin (1963)

who introduced an imperfectly competitive labour demand curve into an
otherwise standard aggregate supply function.

3. For a discussion of the tremendous impact of this book on the macroeconomics
of the subsequent 25 years see Dixon (1994c).

4. Benassy (1975, 1976 and 1978) all arose out of his thesis.
5. See John Bennett (1990) for an excellent exposition of the treatment of centrally

planned economies using the fix-price approach. On the issue of transitional
economies, see Bennett and Dixon (1993).

6. We use the term 'price-setting' here as a shorthand for wage- and price-setting.
7. Alan Sutherland (chapter 16) reviews the link between menu costs and nominal

rigidity at the microeconomic level with aggregate price dynamics. As Caplin
and Spulber (1987) showed, aggregation is a crucial issue here.

8. Note that the eventual publication dates are a trifle misleading due to refereeing
and publication lags. Dixon's study was first published as Birkbeck College
Discussion Paper, 186 in April 1986, and was based on lectures given at
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Birkbeck in March 1985. Startz was circulating as a mimeo in 1985. Mankiw's
study was an NBER Discussion Paper in 1987.

9. Blanchard and Kiyotaki arose out of Chapter 1 of Kiyotaki's Ph.D. Disser-
tation 'Macroeconomics of Monopolistic Competition' (Harvard University,
May 1985) and a separate unpublished paper by Olivier Blanchard (who was
the supervisor). It was Nobuhiro Kiyotaki's thesis which developed the
application of the Dixit-Stiglitz model of monopolistic competition with CES
preferences in a general equilibrium macroeconomic framework.

10. There is also the work by writers such as Paul Davidson (1972) and Hyman
Minsky (1976), which can be broadly characterized as 'post-Keynesian' and,
although largely informal, focused on these issues.

11. This was first written up as Cowles Foundation Discussion Paper, 745 (April
1985).

12. There has also been empirical work which supports the existence of multiple
equilibria in the UK economy (Manning, 1990, 1992).

13. It also underlies Weitzman's notion of multiple underemployment equilibria
(Weitzman, 1982), which inspired Solow (1986) and Pagano (1990).

14. In fact the model of the real business cycle with reasonably complete micro-
foundations was Kydland and Prescott (1982). Earlier studies were largely ad
hoc and incomplete (although of course the seed of the idea goes back to Lucas
and Rapping, 1969). The full intertemporal competitive general equilibrium
macromodel was developed in the mid-1980s (for example, Prescott, 1986, and
see Sargent, 1987 for a full exposition).
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1 Classical and Keynesian features in
macroeconomic models with
imperfect competition

Jean-Pascal Benassy

Introduction

Recent years have seen a rapidly growing development of macroeconomic
models based on imperfect competition. A strong point of these models is
that they are able to generate inefficient macroeconomic equilibria,
obviously an important characteristic nowadays, while maintaining rigor-
ous microfoundations. Indeed in these models both price and quantity
decisions are made rationally by maximizing agents internal to the system,
which thus differentiates them from Keynesian models, where the price
formation process is a priori given, and also from classical (i.e. Walrasian)
models, where the job of price-making is left to the implicit auctioneer.

Since for many years the macroeconomic debate has been dominated by
the 'classical versus Keynesian' opposition, a question often posed by
various authors, both inside and outside the domain, is whether these
macroeconomic models with imperfect competition have more 'classical' or
'Keynesian' properties. The debate on this issue has sometimes become
rather muddled and the purpose of this chapter is to give a few basic
answers in a simple and expository way. This we shall do not by reviewing
all contributions to the subject (there are already two excellent review
articles, by Dixon and Rankin, 1994 and Silvestre, 1993), but by construct-
ing a simple 'prototype' model with rigorous microfoundations, including
notably rational expectations and objective demand curves, and examining
how its various properties relate to those of Keynesian and classical models.
Before that we shall make a very quick historical sketch of how these
models developed in relation to the 'classical versus Keynesian' strands of
literature.

A brief history

The initial results derived from macromodels with imperfect competition
had a distinct Keynesian flavour, perhaps because the first models started

15
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from the desire to give rigorous microfoundations to models generating
underemployment of resources. Negishi (1978) showed how under kinked
demand curves some Keynesian-type equilibria could be supported as
imperfect competition equilibria. Benassy (1978) showed that non-Walras-
ian fix-price allocations could be generated as imperfect competition
equilibria with explicit price-setters. It was shown in particular that
generalized excess supply states of the Keynesian type, with all the ensuing
inefficiency properties, would obtain if firms were setting the prices and
workers the wages.

Policy considerations were brought in by Hart (1982), who constructed a
Cournotian model with objective demand curves, which displayed 'Keynes-
ian' responses to some policy experiments. These intriguing Keynesian
results stirred much interest in the field, but soon after researchers began to
realize that the most 'Keynesian' policy results were due to somewhat
specific assumptions, and the next generation of studies showed that policy
responses were of a much more 'classical' nature: Snower (1983) and Dixon
(1987) showed that fiscal policies had crowding-out effects fairly similar to
those arising in classical Walrasian models. Benassy (1987), Blanchard and
Kiyotaki (1987) and Dixon (1987) showed that money had the same
neutrality properties as in Walrasian models. Although normative policies
were seen to differ from classical ones (Benassy 1991a, 1991b), we shall see
below that this was not in a Keynesian manner.

As of now the common wisdom (although not a unanimously shared
one), seems to be that standard imperfect competition models generate
outcomes which display inefficiency properties of a 'Keynesian' nature, but
react to policy in a more 'classical' way. If one wants to obtain less 'classical'
results, one has to add other 'imperfections' than imperfect competition,
such as imperfect information or costly price changes, to quote only two.
Since the initial venture by Hart in this direction, many different models
have been proposed. Because space is scarce and opinions as to which is the
most relevant imperfection are highly divergent, we shall not deal at all with
these issues, which are aptly surveyed in Dixon and Rankin (1994) and
Silvestre (1993), and turn to the description of our simple prototype model
and its properties, which will confirm and expand the 'common wisdom'
briefly outlined above.

The model

In order to have a simple intertemporal structure, we shall study an
overlapping-generations model with fiat money. Agents in the economy are
households living two periods each and indexed by i = 1,...,«,  firms indexed
byj =!,. . . ,« , and the government. 1
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There are three types of goods: money which is the numeraire, medium of
exchange and unique store of value, different types of labour, indexed by
/= 1,...,«, and  consumption goods indexed by7= 1,...,«.  Household / is
the only one to supply labour of type /, and sets its money wage w(. Firmy is
the only one to produce goody and sets its price/?,. We shall denote by P and
W t̂he price and wage vectors:

P={Pj\j=l9 ...,/i}
W={wi\i=l,...,n}

Firmy produces output yj using quantities of labour £ij9 i= 1,...,«  under
the production function:

where F is strictly concave and £p a scalar, is deduced from the £(js via an
aggregator function A:

£rA(£{,...Jnj). (2)

We shall assume that A is symmetric and homogeneous of degree one in
its arguments. Although all developments that follow will be valid with
general aggregator functions (see the appendix) in order to simplify the
exposition we shall use in the main text the traditional CES one:2

\
I^- 1 / £ (3)

We may already note that to this aggregator function is naturally
associated by duality theory an aggregate wage index w:

F./(F.-\)

•

Firm/s objective is to maximize profits:

Household / consumes quantities ctj and c'tj of goody during the first and
second period of its life, and receives from the government an amount gtj of
goody in the first period. Also in the first period household / sets the wage wi
and works a total quantity tt given by:
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where £0 is each hou
the utility function:
where £0 is each household's endowment of labour. Household /maximizes

t/(c,c;,4-4s/) (6)
where ct, c\ and gt are scalar indexes given by:

Ci=V(cn,...,cin) (7)

c ; = K ( c i , . . . , O (8)

gi=V(gn,...,gin) (9)

We assume that the function Kis symmetric and homogeneous of degree
one in its arguments. We may note that we use the same aggregator function
for private and government spending so that our results will not depend, for
example, on the difference between elasticities of the corresponding func-
tions. Again for simplicity of exposition we shall use in the main text the
traditional CES aggregator:

(10)

to which is associated by duality the aggregate price index p:

We shall assume that U is strictly concave and separable in (ci9 cJ), £0 —  £t
and gt. We shall further assume that the isoutility curves in the {ct, c\) plane
are homothetic and that the disutility of work becomes so high near £0 that
constraint (5) is never binding. Household /has two budget constraints, one
for each period of its life:

n

*£+n-P*i (12)

where mt is the quantity of money transferred to the second period as
savings, p'j is the price of goody in this future period, xt is taxes paid to the
government in real terms and ni household f s profit income, equal to:
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The government purchases goods on the market and gives quantities gip
j = 1,...,«to household i, allowing it to reach a satisfaction index gt given by
(9) above. It also taxes T, from household i, and we assume at this stage that
these taxes are lump sum, in order not to add any distortion to the imperfect
competition one.

Finally we shall denote by mt the quantity of money that old household i
owns at the outset of the period studied (which corresponds of course to its
savings of the period just before).

Because the model so far is fully symmetric, we shall further assume:

gt = g T,.= T mt = m Vi. (15)

The imperfect competition equilibrium

As we indicated above, firm j sets pricey, young household / sets wage wt.
Each does so taking all other prices and wages as given. The equilibrium is
thus a Nash equilibrium in prices and wages. A central element in the
construction of this equilibrium is the set of objective demand curves faced
by price- and wage-setters, to which we now turn.

Objective demand curves

Deriving rigorously objective demand curves in such a setting obviously
requires a general equilibrium argument (Benassy, 1988, 1990). Calcula-
tions, which are carried out in the appendix, show that the objective
demands for goody and labour / respectively are given by:

(17.

where y = y(p f/p) is the propensity to consume out of current income and p'
is tomorrow's price index. As an example, if the subutility in (ci9 c •) is of the
form a log c,+ (1 - a) log c\ (which we shall use below), then y(p'/p) = a.

To make notation a little more compact, we shall denote functionally the
above objective demand functions as:

Yj=Yj(P,W,m,g, x,p') (18)

L ^ L X i ^ m . g , !,/>')• (19)

We should note for what follows that these functions are homogeneous
of degree zero in P, W,fh and/;'.
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Optimal plans

Consider first firmy. To determine its optimal plan, and notably the price/?,
it will set, it will solve the following program (Aj):

n

^w&j s.t.

(A)
9m,g,T9p').

We shall assume that this program has a unique solution, which thus
yields the optimal price as:

(20)

where/>_,-=
Consider now young household i. Its optimal plan, and notably the wage

wt it will set, will be given by the following program (At):

s.t.

which, assuming again a unique solution, yields the optimal wage w,:

wi=\l/i(W_i9P,m9g9T9p') (21)

where W_t={wk\k^i}.

Equilibrium

We can now define our imperfect competition equilibrium as a Nash
equilibrium in prices and wages:

Definition: An equilibrium is characterized by prices and wages pf
and wf such that:

All quantities in this equilibrium are those corresponding to the fix-price
equilibrium associated to P* and W*. Alternatively they are also given by
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the solutions to programs (At) and (A/) on p.20, replacing P and Why their
equilibrium values P* and W*.

Characterization and example

We shall assume that the equilibrium is unique. It is thus symmetric, in view
of all the symmetry assumptions made. We shall have:

t.= l y. = y p. = p V/
£t=£ ct=c c't=c' gt = g wt=w Vi

£,= £ c=- c'=- g.=g- v/y
Yl Yl ft ft

Before studying the properties of our equilibrium, we shall derive a set of
equations characterizing it, and give an example.

Characterizing the equilibrium
In order to derive the equations determining the imperfectly competitive
equilibrium, we shall first use the optimality conditions corresponding to
the above optimization programs of firms and households.

Consider first the program (Aj) of a representative finny. At a symmetric
point the Kuhn-Tucker conditions (recall that the objective demand curve
has, assuming n is large, an elasticity of — rj)  yield:

(22)
p \ n;

and the production function:

(23)
Consider similarly the program (Af) of a young representative house-

hold. At the symmetric equilibrium, calling X the marginal utility of income,
the Kuhn-Tucker conditions yield:

dU dU
To'** I?-**' (24)

du Wir, (25)
d(£0-£)

and the budget constraint of this young household is written:
pc+p'c' = wt+n—pz—p(y  —  T) (26)
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We finally have the physical balance equation on the goods market:

c + c' + g = y (27)
and the budget constraint of the representative old household:

pc' = m (28)
(22)-(28) describe the equilibrium. Before moving to the various proper-

ties of this equilibrium, we shall give a simple illustrative example.

An example
We shall now fully compute the equilibrium for the following Cobb-
Douglas utility function:

U=OL log c+ (1 - a ) log c' +j3 log (£0~ €) + v(g). (29)

Solving first (24)-(26) we obtain the following relation characterizing the
quantity of labour supplied by the young household:

^ ^ T ) (30)

which together with (22) and (23) allows us to compute the equilibrium
quantity of labour l\

(31)

Once I is known, all other values are easily deduced from it:
y = F(£) (32)

(34)
(35)

Keynesian inefficiencies

Quite evidently the equilibrium obtained above is not a Pareto optimum,
but we shall now further see that the nature of the allocation and its
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inefficiency properties look very much like those encountered in traditional
Keynesian equilibria.

The first common point is that we indeed observe at our equilibrium a
potential excess supply of both goods and labour. (22) shows that marginal
cost is strictly below price for every firm, and thus that firms would be
willing to produce and sell more at the equilibrium price and wage,
provided the demand was forthcoming. Similarly (25) shows that the
households would be willing to sell more labour at the given price and wage,
if there were extra demand for it. We are thus, in terms of the terminology of
fix-price equilibria, in the general excess supply zone.

Secondly, (16) and (17), which yield the levels of output and employment
for given prices and wages, are extremely similar to those of a traditional
Keynesian fix-price-fix-wage model. In fact (16) and (17) are a multisector
generalization of the traditional one-sector Keynesian equations. Let us
indeed take all prices equal to p, all wages equal to w. We obtain
immediately:

1 Vfh

a most traditional 'Keynesian multiplier' formula.
We shall finally see that our equilibrium has a strong inefficiency

property which is characteristic of multiplier equilibria (see, for example,
Benassy, 1978, 1990), namely that it is possible to find additional trans-
actions which, at the given prices and wages, will increase all firms' profits
and all consumers' utilities.

To be more precise, let us assume that all young households work an
extra amount d£, equally shared between all firms. The extra production is
shared equally between all young households so that each one sees its
current consumption index increase by:

dc = dy = F\£)dt (37)

Considering first the representative firm, we see that, using (22), its
profits in real terms will increase by:

O. (38,

Consider now the representative young household. The net increment in
its utility is:
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which, using (22), (24) and (25) yields:

(38) and (39) show that the increment in activity leads clearly to a Pareto
improvement.

All the above characterizations point to the same direction: at our
equilibrium activity is blocked at too low a level, and it would be desirable
to implement policies which do increase this level of activity. The tra-
ditional Keynesian prescription would be to use expansionary demand
policies, such as monetary or fiscal expansions. (16) and (17) show us that, if
prices and wages remained fixed, these expansionary policies would indeed
be successful in increasing output and employment. But - and this is where
resemblance with Keynesian theory stops - government policies will bring
about price and wage changes which will completely change their impact.
We shall now turn to this.

The impact of government policies

We shall now study the impact of two traditional Keynesian expansionary
policies, monetary and fiscal policies, and show that, because of the price
and wage movements which they induce, they will have 'classical' effects
quite similar to those which would occur in the corresponding Walrasian
model. One may get a quick intuitive understanding of such results by
looking at (22)-(28) defining the equilibrium, and noticing that the
corresponding Walrasian equilibrium would be defined by exactly the same
equations, with e and rj both infinite. The similarity of the first order
conditions explains why policy responses will be similar.

The neutrality of monetary policy

We shall now consider a first type of expansionary policy, a proportional
expansion of the money stock which is multiplied by a quantity fi > 1. This is
implemented here by endowing all old households with a quantity of money
fim instead of m. Although the analysis of this case may seem fully trivial at
first sight in view of the homogeneity properties of the various functions,
one must realize that all equilibrium values in the current period depend not
only on the current government policy parameters m, g and T, but also on/?',
the future level of prices, and therefore on all future policy actions as well.
To keep things simple at this stage, we will assume that the government will
maintain constant fiscal policy parameters g and T through time, and that
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the economy settles in a stationary state with constant real variables and
inflation. In that case we have the following relation between/? and/?':

Combining (22)-(28) and (40), we find that an expansion of m by a factor
H will multiply /?, w and /?' by the same factor \i, leaving all quantities
unchanged. Money is thus neutral, as it would be in the corresponding
Walrasian model.

Fiscal policy and crowding-out

We shall now study the effects of other traditional Keynesian policies, i.e.
government spending g and taxes T. In order to avoid complexities arising
when the current equilibrium depends on future prices, we shall discuss the
example on p.22, where the current equilibrium depends only on current
policies.

Although (31)—(36) allow us to deal with the unbalanced budget case as
well, we shall concentrate here on balanced budget policies g = t, which
have been the most studied in the literature. Let us recall (31), giving the
equilibrium level of employment:

^ ^ T]. (31)
o 1 fj 1

Taking x = g and differentiating it we obtain:

dy
/>0. (42)
Sg

(41) indicates that the balanced budget multiplier is smaller than one, and
therefore that there is crowding-out of private consumption, just as in
Walrasian models.

(42) has been the source of much confusion, leading some authors to
believe that they had found there some underpinnings to the 'Keynesian
cross'-multiplier (see, for example, Mankiw, 1988). Clearly the mechanism
at work here has nothing to do with a Keynesian demand multiplier, but
goes through the labour supply behaviour of the household: paying taxes to
finance government spending makes the household poorer, and since
leisure is a normal good here, the income effect will naturally lead the
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household, other things being equal, to work more, thus increasing activity.
We should note that this effect would also be present in the Walrasian
model and is thus fully 'classical', as was pointed out by Dixon (1987).

We should at this point also mention that, whereas the 'crowding-out'
result (41) is fairly robust, the output expansion result (42) is much more
fragile, and depends in particular very much on the method of taxation, as
was shown notably by Molana and Moutos (1992). Indeed let us assume,
using the same model as on p.22, that taxes are not levied in a lump sum
fashion, but proportionally to all incomes (profits or wages). In that case it
is easy to compute that (31) becomes:

(43)

all other equations remaining the same. In such a case employment and
output are totally unaffected by the level of taxes and government spending,
and there is 100 per cent crowding-out. The reason is intuitively simple:
while the income effect of taxes still continues to induce a higher amount of
work, inversely the proportional taxation of labour income discourages
work. In this particular instance, the two effects cancel exactly.

Normative rules for government policy

We have just seen that in general fiscal policy can be effective in changing
employment, output and private consumption, in a way somewhat similar
to what would occur in a Walrasian setting. So a question one is naturally
led to ask is: what should be the normative rules for government fiscal
policy? Should they mimic the rules which would be derived in a compar-
able Walrasian model, or should they be 'biased' in a Keynesian manner,
say by increasing government spending or reducing taxes? We shall now
study this problem, beginning with the derivation, as a benchmark, of the
'classical' prescriptions.

Classical normative policy

The 'classical' policy prescription is most easily obtained by computing the
'stationary first best' state of our economy. This will be obtained through
maximization of the representative consumer's utility subject to the global
feasibility constraint, i.e.:

U(c,c'J0-£,g) s.t.
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which yields the conditions:

8U dU dU 1 dU
dc dc' dg F(£)d(£0-£)'

(44)

It is easy to verify that this first best solution can be obtained as a
stationary Walrasian equilibrium, corresponding to (22)-(28) taking both
1/6 and l/rj equal to zero, provided the government adopts the following
rules:

g = T (45)

eg dc

(45) simply tells us that the government's budget should be balanced. (46)
tells us that the government should push public spending to the point where
its marginal utility is equal to that of private consumption. In other words
the government should act as a 'veil' and pick exactly the level of g the
household would have chosen if it was not taxed and could purchase
directly government goods.

Normative policy under imperfect competition

We shall now derive the optimal rule for the government under imperfect
competition. In order to simplify analysis, we shall study only the balanced
budget case g = T.3 In that case, prices are constant in time and equations
(22)-(28) simplify to:

"(£) (47)

(49)

g=y = F(£). (50)

All equilibrium values depend on the level of g chosen by the govern-
ment. To find its optimal value, let us differentiate U(c,c',£Q—£,g) with
respect to g:

dU dc dU dc' dU dl dU_
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Differentiating also (50) with respect to g we obtain:

p ? f S < ( 5 2 )
g

Combining (47), (48), (49), (51) and (52) we finally obtain:
dU dUV /e + w - r (53)

We see that there will be a systematic bias with respect to the first best rule
(46): if d£/dg> 0, as soon as there is market power (that is, if either s or rj is
not infinite), the government will be led to push its spending beyond the
level that the consumer would freely choose. The converse result will hold if
d£/dg<0.

Another way to view this result is to imagine that we start from the level
of g that the consumer would have freely chosen. That level of g is
characterized by adding the following equation to (47)-(50) describing the
imperfectly competitive equilibrium:

Let us consider now, starting from this level, a small increase in public
spending dg, financed by supplementary taxes dx = dg, and let us compute
the resulting utility increase:

VdU dc dU dc1 dU dl dUl
dU==\ lT-lT + ^ - X - f T 7 ' ^ r + T-[_dc dg dc dg dl dg dg J

Using (47), (48), (49), (52) and (54), we obtain:

This shows that, as compared with the first best rule, the government
should systematically bias its spending so as to increase the level of
economic activity. The intuition is straightforward: because of imperfect
competition the level of activity on the goods and labour markets is
inefficiently low, as we saw before. When choosing its level of spending, the
government should take into account not only the direct effect on the
household's utility (which would yield the 'first best' rule dU/dg = dU/dc),
but should also take into account the indirect utility gains which derive
from the positive effect of its macroeconomic policy on activity. This
'second best' policy prescription is thus different from the 'first best'
classical one.
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Should one, however, believe that the normative policy is biased in a
'Keynesian' manner? This is not the case, at least for two reasons. First,
even when d-E/dg is positive, what leads to the activity increase is not
government spending per se via a 'Keynesian' demand multiplier, but
rather the taxes levied to finance them via a 'classical' labour supply effect.
Normative analysis would then somehow call for higher taxes, hardly a
Keynesian prescription. Secondly, the magnitude and even the sign of df/dg
depends enormously on the method of taxation, making the direction of the
bias extremely difficult to assess. Using again the example on pp.22 and 26,
under proportional taxation the government should use exactly the 'classi-
cal' prescription. So whatever bias exists in the normative prescriptions, it is
definitely not of a Keynesian type.

Conclusions

We constructed in this chapter a simple prototype model of imperfect
competition with rational expectations and objective demand curves,
studied its various properties, and compared them with those of the basic
'classical' and 'Keynesian' models.

We may first note that this model of imperfect competition clearly
generalizes the corresponding Walrasian one, which can be obtained as a
limit case by making the parameters rj and a go to infinity.

As for the 'positive' properties of the model, we saw that they stand
somehow halfway between the Keynesian and classical ones: the inef-
ficiency properties very much resemble those of a Keynesian fix-price-fix-
wage model. On the other hand, the response to government policy, fiscal or
monetary, is very much of a 'classical' nature.

The normative implications of such models for government action are
also very important, and we saw that they were neither Keynesian nor
classical. Moreover simple variations on the above model show that they
will depend crucially on the nature of rigidities in the price system. It is thus
quite urgent to develop models with more sophisticated rigidities than those
arising from simple market power and to explore their positive and
normative properties. This should be the object of further research.

Appendix

We shall in this appendix derive, under a more general form, the objective
demand curves used in the text (cf. notably (16) and (17)), and show how all
the results extend without modification to general aggregator functions A
and V.
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The objective demand curves

When computing the objective demand curve for the product he sells, each
price-maker has to forecast the demand forthcoming to him for any value
of (1) the price or wage he determines and (2) prices and wages set by other
agents. Following the methodology developed in Benassy (1988, 1990), we
see that the natural definition of objective demand at a price-wage vector
(P, W) is simply the demand forthcoming at a fix-price equilibrium
corresponding to (P, W), which we shall now compute.

We may note before actually starting computations that, according to a
traditional result in imperfect competition, each agent will set the price of
the good he controls at a level high enough for him to be willing to serve all
demand forthcoming, and actually even more. We are thus, in 'fix-price'
terminology, in a situation of generalized excess supply where each agent is
constrained in his supply (but unconstrained in his demand) and thus takes
the level of his sales as a constraint.

Consider first firmy. For given prices and wages its optimization program
is:

s.t.

where y}is determined by the demand of other agents and thus exogenous to
firm/ The solution in ltj to this program is:

£ij=(j>i{W)F-\yj) (Al)

where <t>i(W), a function associated to A by duality, is homogeneous of
degree zero in its arguments. As an example, if A is the CES function (3),
then

J(lf (A2)

where w is the aggregate wage index given by (4) in the text.
Consider now old household /. It owns a quantity of money mt and seeks

to maximize its second-period consumption index c\ (8) under the budget
constraint:

7=1
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The result of this maximization is:

c',= <t>j(P)^ (A3)

where </>//>)> associated by duality to F, is homogeneous of degree zero in
all prices, and/? is the aggregate price index associated to F, given by:

A (A4)

As an example again, if Fis the CES function (10), then:

• ( A 5 )

Consider now the government and assume it has chosen a level gt for the
level of public consumption index attributed to household /. The govern-
ment will choose the specific gtJs to minimize the cost of doing so, and will
thus solve the program:

7=1

which yields the solution in gtj:

(A6)

where <t>j(P) is the same as in (A3). The cost to the government is pgt.
Let us finally consider young household /. Merging its two budget

constraints (12) and (13) into a single one, we find that it will determine its
current consumptions ctj through the following maximization program:

max Uic^c-Jo-^gt) s.t.

where the right-hand side (and notably the quantity tt of labour sold) is
exogenous to household /. Given the assumptions on U (separability,
homotheticity), the solution will be such that the value of current consump-
tions is given by:

n

£i + n-pti) (A7)
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where y(p'/p) is the propensity to consume. Maximizing ct under budget
constraint (A7) yields the current consumptions ctj:

cv=<l>j(P)y(p'lp)M+n-ini)- (A8)
We have now determined all components of the demand for goods.

Output yj will be equal to the sum of demands for goody, i.e.:

which, using (A3), (A6) and (A7) yields:

1=1

G=£gl M=£mi e=£r, (A10)
1 = 1 / = 1 1 = 1

We shall use the global incomes identity:

X(w^.+7r,0=Z/y> (All)
i=i j=\

Combining (A4), (A 10) and (Al 1) we obtain the final expression for the
objective demand addressed to firm j :

M

If the number n of producers is large, /?, p' and thus y are taken as
exogenous to firm 7 and the elasticity of Yf with respect to pf is that of the
function (j>r

We can now compute the objective demand for type / labour by adding
the Ifij = 1,...,« given by (A1) and replacing y^ by the objective demand Yj
just derived, which yields:

j (A13)
7=1

where the Yj are given by (A 12). Again with large n, the elasticity of Lt with
respect to wt is equal to that of 0f( W).

Now formulas (16) and (17) in the text are simply obtained by replacing
0,( W) and (j)j(P) by the specific forms (A2) and (A5), and using the fact that
the values of AW,-, gt and T, are the same for all n households.
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General aggregator functions

We shall now show that all results derived in the text with the specific CES
aggregator functions (3) and (10) are valid as well with general forms for A
and V, and notably that the crucial (22) and (25) hold unchanged.

Indeed the first order conditions for programs (Aj) and (A() are in the
general case:

H'-*yi <A14)
PlTT / 1\

(A15)

where r\j and e, are the absolute values of the elasticities of the functions Y,
and Lt. Looking at formulas (A 12) and (A 13), we see that for large n these
elasticities are actually those of the functions <f>j and (/>,-, so that:

rir-d log <t>j(P)/d log Pj=Yij{P) (A16)

£,= - a log <t>t(W)ld log w^e^W) (A17)

Because of the homogeneity and symmetry properties of the original
functions A and V these elasticities are the same at all symmetric points, and
we denote them as rj and s:

flj(j>9...,p) = ri V/7,V7 (A18)

8/(w,...,w) = e Vw,W. (A 19)

Combining (A 14), (A 15), (A 18) and (A 19) at a symmetric equilibrium,
we obtain (22) and (25).

Notes

I wish to thank Huw Dixon and Neil Rankin for their comments on a first version of
this chapter. The usual disclaimer applies fully here.
1. Of course all the concepts that follow would be valid with a different number of

households and firms, but using the same number n will simplify notation at a
later stage.

2. These were initially introduced in the macrosetting by Weitzman (1985).
3. The case of an unbalanced budget g¥"c is studied in Benassy (1991b).



2 Imperfect competition and
macroeconomics: a survey

Huw David Dixon and Neil Rankin

Introduction

The importance of imperfect competition has long been recognized in many
areas of economics, perhaps most obviously in industrial economics and in
the labour economics of trade unions. Despite the clear divergence of
output and labour markets from the competitive paradigm in most
countries, macroeconomics where it has used microfoundations has tended
to stick to the Walrasian market-clearing approach. However, over the last
decade a shift has begun away from a concentration on the Walrasian price-
taker towards a world where firms, unions and governments may be
strategic agents. This chapter takes stock of this burgeoning literature,
focusing on the macroeconomic policy and welfare implications of imper-
fect competition, and contrasting them with those of Walrasian models.

We seek to answer three fundamental questions. (1) What is the nature of
macroeconomic equilibrium with imperfect competition in output and
labour markets? With monopoly power in the output market causing price
to exceed marginal cost, and union power leading to the real wage
exceeding the disutility of labour, we would expect imperfectly competitive
macroeconomics to have lower levels of output and employment than
Walrasian economies, a Pareto inefficient allocation of resources, and the
possibility of involuntary unemployment. Few would disagree that devi-
ations from perfect competition will probably have undesirable conse-
quences. (2) To what extent can macroeconomic policy be used to raise
output and employment in an imperfectly competitive macroeconomy? (3)
If policy can raise output and employment, what will be the effect on the
welfare of agents?

Whilst there may be fairly general agreement over the answer to (1), we
believe that there are no truly general answers to (2) and (3). In Walrasian
models there is only one basic equilibrium concept employed: prices adjust
to equate demand and supply in each market. There are, however, many

34
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different types of imperfect competition, which can differ in fundamental
respects, as has been seen in Industrial Organization and the 'New'
International Trade Theory. We would thus expect the theory of imper-
fectly competitive macroeconomics to embrace 'classical' models, with
monetary neutrality and a vertical aggregate supply curve, as well as
'Keynesian' models. Imperfect competition, however, not only opens new
channels of influence for monetary and fiscal policy, but also creates the
possibility that an increase in output may be welfare improving. The First
Fundamental Theorem of Welfare Economics tells us that the Walrasian
equilibrium is Pareto optimal. But with imperfect competition, the market
prices of goods and labour generally exceed their shadow prices, so policies
that succeed in expanding output are very likely to increase welfare. The
survey considers several cases of such policy effects, which are in stark
contrast to those in Walrasian economies.

In the second section we present a general framework which nests much
of the theoretical literature on imperfectly competitive macroeconomics,
and enables us to explore the effects of imperfect competition on output and
labour markets. In the third and fourth sections we explore monetary and
fiscal policy respectively, concentrating on the mechanisms through which
policy effects occur in an imperfectly competitive economy. We inevitably
have been forced to omit several closely related areas of potential interest,
amongst which are the 'mesoeconomic' approach developed by Ng(1980,
1982a, 1986); open economy applications (these are surveyed in Dixon,
1994a); macroeconomic models of bargaining (McDonald and Solow,
1981; Jacobsen and Schultz, 1990); and the 'insider-outsider' literature
(Lindbeck and Snower, 1989). We have also omitted the 'coordination
failure' literature (see Silvestre, 1993 and an earlier version of this chapter,
Dixon and Rankin, 1991).

A general framework

The models constructed in much of the recent literature on imperfect
competition have shared some common features. In this section we outline
a generic model of an imperfectly competitive economy that provides a
baseline, and we will use variants of it in subsequent sections to derive
particular results. The three main points we make in this section are: (1) that
imperfect competition in either output or labour markets will tend to
reduce equilibrium output and employment; (2) that the introduction of
union wage-setting will tend to generate 'involuntary' unemployment; and
(3) that the model will possess a (unique in this case) Natural Rate, with
money being neutral. This section thus highlights the 'classical' properties
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of imperfect competition, as a prelude to subsequent sections which will
extend the framework to models with less classical effects for monetary and
fiscal policy.

There are n produced outputs Xi,i=l,...,n. Households' utility function
takes the form

[u(Xl,...,Xn)]c[M/P\l~c-0Ne 0 < c < l , e > l (1)
where u is a degree-one homogeneous subutility function, P is the cost-of-
living index for u, M is nominal money holdings, and 9Ne is the disutility of
supplying N units of labour, N<H. Since preferences are homothetic over
consumption and real balances we can aggregate and deal with one
'representative' household. Most studies further simplify (1). First, a
specific functional form is assumed for u(-) - notably Cobb-Douglas or
CES. Second, the labour supply decision may be made a [0,1] decision - to
work or not to work for each individual household. We can represent this
for our aggregated household by setting e= 1, so that 6 is the disutility of
work. Most models of imperfect competition incorporate money using the
standard temporary equilibrium framework (see Grandmont, 1983, for an
exposition) by including end-of-period balances in the household's utility
function. Whether it should be deflated by the current price level as in (1)
depends on the elasticity of price expectations, as we discuss on p.47 below.
As regards firms, we assume there are F firms in sector /, each with a
loglinear technology

XirB~xN« f a<\. (2)

The special case of constant returns where a= 1 is widely used.1
We have now to add the macroeconomic framework. Turning first to

aggregate income-expenditure identities, income in each sector must equal
expenditure Yt on that sector, and national income must equal total
expenditure Y. We will introduce fiscal policy in the fourth section. In this
section, the government merely chooses the total money supply Mo. In
aggregate, the household's total budget consists of the flow component Y
and the stock of money Mo. Given (1), households will choose to spend a
proportion c of this on producer output, and to save a proportion 1 — c  to
accumulate money balances M? Hence the income-expenditure identities
coupled with (1) imply that in aggregate:

Y=c[M0+Y] or Y=-^-cM0. (3)

Given total expenditure, households allocate expenditure across the pro-
duced goods. Since preferences are homothetic, the budget share of output
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z, a,, depends only on relative prices. Hence total expenditure on sector /, Yi9
is given by

PiXi=Yi = *i(Pl9...,PJY (4)
where oct is homogeneous of degree zero in Pu...,Pn. We will assume
symmetric preferences, so that if all prices of outputs are the same then

How are wages and prices determined? As a benchmark let us consider
the Walrasian economy with price-taking households and firms. Further-
more, let us assume perfect mobility of labour across sectors, so that there is
a single economy-wide market and wage W. The labour supply from (1) is
then

NS(W/P)= [6e]m]~e][W/P]l/[e~l\ (5)
The additive separability combined with degree-one homogeneity of (1)
rules out any wealth effect on labour supply, so that only real wages matter.
Assume a single, representative, price-taking firm per sector.3 Then sector
fs labour demand takes the form

N\WjPi)= [a/BY^-^W/P;]-^1-^. (6)
In a symmetric equilibrium where Pt= P, (5)-(6) determine equilibrium real
wages, employment and output in the representative sector. Equilibrium
sector output X* is given by B~l[N*]a. Under symmetry a,= l/n in (4) so
that the nominal price level is

p ( 7 )
1-cnX* {)

Nominal wages and prices adjust to equate aggregate demand with
equilibrium output. This is an entirely 'classical' model with full employ-
ment and neutral money.

What difference does the introduction of imperfect competition make?
Let us assume that each output is monopolized by a sole producer (F= 1)
and that there are many sectors. The large '«' means that the monopolist
treats the general price index P as exogenous when it makes its decisions.
Before we proceed, it should be noted that the elasticity of demand
fi/(jPi,..., Pn) = —  [31niydlnPJPconst from (4) is homogeneous of degree zero
in prices, due to homotheticity. In a symmetric equilibrium ei(Pl,...,Pn)
will thus take the same value irrespective of the price level: s* = ( 1 , . . . , 1). We
will assume gross substitutability in general, so that e* > 1. If the individual
firm maximizes its profits treating the general price level as given, then its
labour demand is easily obtained as
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W/P

Nm Nc N

Figure 2.1 Equilibrium with and without monopolistic firms

Ndm(w/pi)= [i - (8)

Since e* > 1 and a < 1, labour demand is smaller for any given real wage, as
we would expect. Equilibrium under symmetry is depicted in figure 2.1. For
a given supply curve, in a symmetric equilibrium the effect of monopolistic
competition is simply to reduce sectoral employment (and hence output)
from Nc to Nm. Note that money will still be neutral, since (5) and (8) are
both homogeneous of degree zero in (W,P). The degree of monopoly \i is
I/a*. So the less elastic is demand when prices are all equal, the higher the
marking up of price over marginal cost and the lower equilibrium output.
Imperfect competition in the output market has thus reduced total output
and employment, although (since the labour market is competitive) house-
holds are on their labour supply curve Ns.

How will the introduction of unions alter matters? To take the simplest
case, consider an economy-wide monopoly union that has the unilateral
power to set the nominal wage. The union predicts, given the wage it has set,
what prices will be set by firms and the resultant level of employment.4 At
the aggregate level, the trade-off between real wages and employment faced
by unions in symmetric equilibrium is given by (8) multiplied by the number
of sectors n. Several assumptions may be made about union preferences (see
Oswald, 1985). Here we will simply assume that the union's objective
function is to maximize the total surplus, or wage revenue less disutility,
earned by employed workers.5 If we let e=l, then there is a constant
marginal disutility of labour 6. Each employed worker earns W/P-6 as
surplus. The union's problem is thus

max[ W/P- 6]Ndm(JV/P). (9)

Since the elasticity of labour demand with respect to W/P is constant in (8),
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W/P

(w/py

Nu N

Figure 2.2 Equilibrium with an economy-wide union

the solution to (9) has the property that the union chooses the real wage as a
constant mark-up over 6

W/P = 0/a. (10)
This is depicted in figure 2.2, where we show the union's maximum utility
indifference curve U*. The less elastic is the demand for labour (the lower a),
the higher is the wage set by the union. Since the monopolistic and
competitive firms have the same real wage elasticity of labour demand, the
real wage chosen by the union is the same, though employment is lower with
monopolistic firms. Again, since (10) is homogeneous of degree zero in
(W, P), money is neutral. This model illustrates the point that the introduc-
tion of wage-setting unions leads to involuntary unemployment. Since the
union marks up the wage over the disutility of labour (from (10)), the
unemployed households are worse off than the employed, and furthermore
the employed would be willing to work more for less.

Turning to the case of sectoral unions, wages in each sector may now
differ. The union is assumed to control entry into employment in that
industry so that employed 'insiders' are isolated from the potential compe-
tition of'outsiders' (see Lindbeck and Snower, 1989, for a discussion). In a
large economy with many sectors, each individual union will take the
general price level of goods consumed by its members as given (in contrast
to the centralized union) and in a non-cooperative Nash framework it will
also treat other sectoral unions' wages as given. However, each union will
take into account the effects of its wages on its own sector's price Pt and
hence on output and demand for labour in its sector. The sectoral labour
demand curve is thus essentially a relation between nominal wages Wt and
employment, because the firm bases its employment on the own-product
wage WJPi9 in contrast to the union's objective function which depends on
the real consumption wage WJP.6
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Consider the elasticity of the sectoral unions' demand for labour with
respect to Wt. The labour-demand equation stems from the price-cost
equation which equates the own-product wage to the marginal revenue
product of labour

^=—aB-lNtrV-°\ (lla)

If we take logs and differentiate Nt with respect to Wh taking into account
that P/depends upon Xxwhich depends upon Ni9 we obtain the money-wage
elasticity of labour demand as

iy]/c V '

where rj is the elasticity of [e— l]/e with respect to Pi9 which captures the
effect of a rise in Wt (and hence Pt) on the mark-up of price over marginal
cost, e/[e—\]. This can take either sign, although it is perhaps more
reasonable to assume that de/dPt>0 (demand becomes more elastic as you
raise price), so that rj > 0 (the mark-up falls as Wxrises). If the sectoral union
maximizes its surplus with respect to Wh subject to the labour demand
implicitly defined by (11), the equilibrium real wage given symmetry across
sectors is

This is a higher real wage than with the centralized union (cf. (10)) so long as
rj < 1. If utility is CES then s(Pl9...,Pn) is equal to the constant elasticity of
substitution, so rj = 0 and the comparison of (12) with (10) is unambiguous.

The sectoral union thus tends to set a higher nominal wage, with a
consequent lower level of employment, despite the fact that the money-
wage elasticity of its labour demand is likely to be higher than for a
centralized union.7 The reason is that it sees no effect of its own behaviour
on the general price level P at which its members consume. A centralized
union takes the general rise in P which it causes into account, and so
restrains its wage pressure. This can also be seen as an example of
externalities: the price rise caused by a sectoral union is mostly borne by
members of other unions. For a detailed discussion of the effect of different
union structures on wage determination, see Calmfors and Driffill (1988).

An alternative to sectoral unions - which are organized by industry - are
craft unions, which are organized by labour skills. Blanchard and Kiyotaki
(1987) use these. Each union sells a different type of labour, some of which is
required by every firm. The number of labour types is assumed large, so
each Wh has a negligible effect on the general index of wages W and no
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Figure 2.3 Equilibrium with craft unions and monopolistic firms

union sees itself as affecting any firm's output. Firm fs demand for type h
labour, which is obtained by minimizing the cost of producing a given
output Xh is

Nih = kn[WJWr°Xt/a *„ = const (13)

where a(> 1) is the constant elasticity of technical substitution between
labour types. Blanchard and Kiyotaki further assume increasing marginal
disutility of work, i.e. e> 1 in (1), so that the union's surplus is8

[Wh/P]Nh-6Ne
h. (14)

Maximizing (14) subject to (13) (aggregated over all /) taking W and
Xi9..., Xn as given, union h chooses the level of labour sales

n=[\-l/a]l/[e-l]Ns(Wh/P).Nst (15)

Since a>\, labour sales are smaller for any given real wage than in the
competitive case (5), as we would expect. Combining (15) with (8) deter-
mines equilibrium under symmetry amongst firms and unions, as in figure
2.3. Whether the employment level is higher or lower than with sectoral
unions depends on technological substitutability between labour types.
With rj = O and e = 1, employment is lower ifcr<l/[l — a[\ — 1 /e]]. Money is
clearly still neutral.

In this section we have presented a simple general framework that
captures some common features of much of the recent work on imperfect
competition and macroeconomics. We will now proceed to see how
extensions of this general framework yield less orthodox results.

Monetary policy

Imperfect competition by itself does not create monetary non-neutrality, as
we have seen.9 It is the combination of imperfect competition with some
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other distortion10 which generates the potential for real effects. The nature
of this other distortion provides us with a natural method for classifying
models of monetary policy effectiveness. First, the largest part of the
literature combines imperfect competition with small lump sum costs of
adjusting prices ('menu' costs), which are intended to represent the
administrative costs of printing new price lists, etc. Examples of this
approach are Mankiw (1985), Akerlof and Yellen (1985a), Blanchard and
Kiyotaki (1987), Benassy (1987), Caplin and Spulber (1987), Ball and
Romer (1989a, 1990, 1991). A second group of studies may be interpreted
as taking the same general framework of imperfect competition in a
monetary temporary equilibrium, but as relaxing an implicit assumption
often unconsciously made there: namely, that of unit-elastic expectations of
future with respect to current prices. These include the seminal study of
Hart (1982) and applications and extensions by Dehez (1985), d'Aspremont
et al (1989a, 1990), Silvestre (1990) and Rankin (1992, 1993). Thirdly,
studies by Dixon (1990b, 1992), Fender and Yip (1993), and Moutos (1991)
look at the imperfect competition combined with a small nominal rigidity in
some sector of the economy. Common to all three approaches is that the
same distortions in the presence of perfect competition would not cause
monetary policy to affect output significantly. It is the interaction between
minor, and perhaps intrinsically uninteresting, distortions and imperfect
competition which generates major departures from neutrality. This can be
viewed as an instance of the theory of the second best at work: monetary
policy is not capable of causing Pareto improvements given either imperfect
competition or the other distortion on its own, but given both together, it is.

Menu costs
We take Blanchard and Kiyotaki's (1987) model for our illustration,
though the central ideas appear first in Mankiw (1985) and Akerlof and
Yellen (1985a). Very similar points were simultaneously made by Benassy
(1987), and Parkin's (1986) study also has strong parallels. That this
approach has also been influential outside the realm of pure theory is shown
by Layard and Nickell's adoption of the Blanchard-Kiyotaki framework
for their widely known empirical studies of UK unemployment (Layard
and Nickell, 1985,1986; Layard, Nickell and Jackman, 1991). The model in
the absence of menu costs has already been described. Suppose now that the
price- and wage-setting agents face administrative costs of changing prices
and wages (e.g. for a restaurant, the cost of reprinting its menus). Such costs
are lump sum in nature: they do not depend on the size of the price or wage
change. If they are large enough to outweigh the forgone profits or utility of
not adjusting a price or a wage when an increase in the money supply
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P*i(Wh*)

Figure 2.4 Effects of a demand shift on profits or utility

occurs, the firm or union still has to decide whether to meet the increase in
demand, or whether to ration it. This is where monopoly is important: since
price exceeds marginal cost and wage exceeds marginal disutility in the
initial equilibrium, firms and unions will prefer to satisfy the extra demand
(up to a point), since a profit or surplus is made on every extra unit sold.
This is illustrated in figure 2.4, where the trapezium ABCF indicates the
increase in the firm's profits or the union's utility. By contrast, under perfect
competition, the price (wage) equals marginal cost (disutility) initially, and
the firm (union) would lose profits (utility) if it satisfied an increase in
demand, and so would choose to ration its customers.11

Once general equilibrium spillover effects have been taken into account,
the size of the horizontal shift in the goods demand curves, and hence the
size of the increase in output, will be in percentage terms equal to the
increase in the money supply. This may be seen from the macroeconomic
aggregate demand function (3) whence, together with the goods demand
function (4) and the labour demand function (13), we may derive the
multipliers

dlnM
1 d l n N 1/;=1 d^rlla- (16)

Although figure 2.4 is a partial equilibrium diagram in which the position of
the marginal cost (disutility) curve depends on the general wage (price)
index, these two indices may validly be assumed unchanged provided menu
costs are binding for all agents. Hence no shift in the curve is needed to
depict the new general equilibrium.

The limit of the possible increase in employment and output (always
given large enough menu costs) is reached when demand equals the
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competitive supply in either market. Beyond this, even monopolistic agents
will choose to ration any further increase. Whether the limit is first hit in the
goods or labour market depends whether the real wage is above or below its
Walrasian level (respectively). In figure 2.3, for example, the maximum
employment level as Mo is increased occurs at Nm\ where the supply
constraint in the labour market becomes binding. This brings out the
formal similarity between the menu cost models and the 'disequilibrium'
models of the 1970s (Barro and Grossman, 1971; Benassy, 1975; Malin-
vaud, 1977 - see Benassy, 1990 for a more recent survey). Within the class of
equilibria for which menu costs bind, the economy behaves exactly as if it
were in a quantity-constrained equilibrium.12 In particular, within the
neighbourhood of the initial frictionless equilibrium, it behaves as if in a
regime of generalized excess supply, or 'Keynesian unemployment'. Big
increases in the money supply will shift it into a regime of 'repressed
inflation' (as happens in figure 2.3) or 'classical unemployment', depending
on whether labour or goods supply constraints are reached first. This
similarity between excess supply and monopoly was first exploited by
Benassy (1976, 1978) and Negishi (1979) as a means to 'endogenize' prices
in disequilibrium models. Their models, however, use the concept of
'subjective' demands, introduced by Negishi (1961), rather than the 'objec-
tive' demands used here.

Note that the increase in output also constitutes a Pareto improvement.
This is for three reasons: first, the shift in demand for labour brings a utility
gain to the household equal to the area ABCF in figure 2.4; second,
households receive an increase in profits from firms; and third, real money
balances increase, which increases households' utility directly. An interest-
ing interpretation of the Pareto suboptimality of the initial monopolistic
equilibrium is to view it as resulting from a lack of cooperation amongst
price-setting agents. Benassy (1987) and Blanchard and Kiyotaki (1987)
both point out that an agreement by all firms and households simulta-
neously to lower their prices and wages by x per cent would produce exactly
the same real reallocation as a money supply increase of x per cent in the
presence of binding menu costs. In either case real balances, and thus real
demand and output, rise by x per cent, with no relative price changes.
Monetary policy can thus be seen as a substitute for a cooperative
agreement to lower prices. The failure to lower prices when acting
independently is explained by Blanchard and Kiyotaki as due to an
'aggregate demand externality':13 a lowering of one agent's price benefits all
others to the extent that it slightly reduces the general price index and so
raises real money balances and aggregate demand.14 However, the private
gain to the price-cutter is outweighed by the private loss due to the too-low
relative price which would result. The monopolistically competitive equili-
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brium is therefore a form of economy-wide 'Prisoner's Dilemma'. In the
absence of menu costs, when to expand the money supply would have no
beneficial effect, a welfare-enhancing measure would be to impose an all-
round wage and price cut by a prices and incomes policy.

Before the menu cost model can be taken seriously, it must tackle the
obvious objection that in practice administrative costs of price and wage
adjustment are very small. Because such costs are lump sum, once they are
dominated by the forgone profits or utility of not re-optimizing in the face
of a money supply increase, they will have no effect at all: an agent who has
decided to adjust her price will adjust it to the same level as in the absence of
menu costs, since the cost depends on the fact of the adjustment and not on
its size. A large part of the research into menu costs has been concerned with
overcoming this objection. The key observation is provided by Akerlof and
Yellen (1985a) and Mankiw (1985), who point out that the opportunity cost
of non-adjustment is second order in the size of the money supply shock.
That is, if we take a Taylor approximation to firm /'s forgone profits of not
increasing Pi9 or to union h's forgone utility of not increasing Wh, it will
contain no term in AM0, only in (AM0)2 and higher powers of AMQ. We
explain why below. By comparison, the increase in output is first order, i.e.
proportional to AM0, as is clear from (16). Thus, as AMQ tends to zero, the
ratio of the size of menu cost necessary for non-adjustment to the change in
output which it sustains also tends to zero. For non-infinitesimal but small
changes in the money supply, it follows that only a very small menu cost will
be required in order to sustain non-adjustment. For instance, Blanchard
and Kiyotaki's calculations show that with a 5 per cent money supply
increase and 0 = 0-= 5, e=\.6 and # = 0.8, the minimum menu cost for
households to prefer non-adjustment is equal to only 0.112 per cent of
GDP, and for firms to only 0.018 per cent of GDP.

To see why the opportunity cost is second order, consider again figure
2.4. (We have deliberately magnified the diagram in the neighbourhood of
equilibrium, which permits us to approximate curves as straight lines.) If
the price were to be adjusted following the shift in demand, the new output
would be determined by the intersection E. Since output under no
adjustment is greater than this, the forgone profits (utility) of not adjusting
are measured by the cumulated surplus of MC over MR', given by triangle
CGE. As the size of AM0, and thus of the demand shift AB, is squeezed
towards zero, the area of this triangle clearly falls with the square of AB,
and thus with the square of AM0 (note that distance BG always equals AF
since demand elasticity is a constant). Intuitively, the reason why the cost is
only second order is that 'objective functions are flat on top': in the
neighbourhood of a maximum the slope is close to zero, so that the loss
from being only slightly away from the optimum is also very close to zero.
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Several extensions of this basic analysis are made by Ball and Romer. In
their (1989a) study, they show that if the money supply is stochastic then the
welfare cost of price rigidity, as measured by the fall in expected utility,
becomes second rather than first order, i.e. proportional to the variance of
the money supply. Despite this, parameter values exist which will drive the
ratio of second order menu costs to second order welfare losses to zero.15 In
their 1991 study, Ball and Romer show that for a given money supply
increase, there exists an intermediate range of values for the menu cost such
that two equilibria coexist: one with no and one with full price adjustment.
For menu costs in this range it can thus be argued that if the outcome is no
adjustment, price rigidity is due to a coordination failure: if each agent
expected the others to adjust, she would want to adjust too. In yet a third
study, Ball and Romer (1990) address the problem for the basic menu cost
model that, although theoretically acceptable parameter values exist which
keep rigidity-sustaining menu costs small, these values are still unrealistic
empirically. The lowest value of competitive labour supply elasticity
(l/[e - 1]) used in Blanchard and Kiyotaki's numerical illustrations is If (as
in the cited example), which is much higher than most econometric
estimates. Ball and Romer suggest a solution by showing that rigidities in
nominal prices are made more likely if there are also rigidities in real - or
relative - prices. Their general argument is as follows. Suppose agent / has
the indirect utility function

Ut=W(MJP9PJP). (17)

Agents in the model are 'farmers'.16 fs optimum relative price is clearly
determined from the first order condition W2(M0/P,P?/P) = 0 (the subs-
cript denoting a partial derivative), whence

d(P*/P)/d(MQ/P)= - Wn\W12 (EETT, say). (18)
(+) (-)

If a change in aggregate demand causes only a small change in fs desired
relative price, real rigidity is said to be 'high', so n is an inverse measure of it.
The second order approximation to /'s private utility cost of not adjusting
Pt after a change AM0, given that others do not adjust, is

PCK[-{Wn)2l2W12\[AM0]2=\nWu[AM,]2. (19)

Thus the smaller is n, i.e. the greater the real rigidity, the smaller is the menu
cost needed to ensure that / does not adjust his price. Ball and Romer flesh
out this simple framework with two explicit models of real rigidities: a
'customer market' model in which firms face kinked demand curves due to
ignorance by their customers of prices elsewhere; and a model with an
'efficiency wage' in the labour market.17 Hence by combining three 'distor-
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tions' - imperfect competition, menu costs and real rigidities - an empiri-
cally plausible model of non-neutrality can be obtained.18

Are the results modified in a dynamic setting? Caplin and Spulber (1987)
and Caplin and Leahy (1991) examine this question. Rules for optimal
price- and wage-setting over time when subject to menu costs take an 'Ss'
form: when the deviation of Pt from its no-menu cost optimum, P* which
follows a stochastic process determined by the process for the money
supply, hits a ceiling S or a floor s9 an adjustment is made to Pi9 bringing
Pf— Pt back to some 'return point'. Caplin and Spulber show that when the
money supply process involves only non-negative shocks to the money
stock, money - rather surprisingly - turns out to be neutral in the aggregate.
However when the process is symmetric, allowing negative as well as
positive shocks, shocks do affect aggregate output, as shown in Caplin and
Leahy.19 Although these models are dynamic, the firm's optimization
problem is treated as static. Dixit (1991), in a partial equilibrium analysis,
shows that with dynamic optimization menu costs as small as fourth order
can sustain price rigidities. The considerable difficulties of aggregating
across agents with different initial situations have, however, so far discour-
aged the rapid development of this branch of the literature.

Non-unit-elastic price expectations

Hart (1982) was the first to show that imperfect competition could generate
policy effectiveness. The 'policy' he considers, however, is not strictly
monetary policy at all: it is an increase in the stock of a 'non-produced'
good. Although Hart is reluctant to interpret this as 'money', we can validly
do so if we view Hart's framework as one of temporary monetary
equilibrium in the manner of Patinkin (1965) and Grandmont (1983). In
this case the key assumption necessary for monetary policy effectiveness is
that - implicitly or explicitly - agents' expectations of future prices are 'non-
unit-elastic' in current prices. We present here a simple version of Hart's
model under this monetary reinterpretation. We also examine another
question debated in the literature for which Hart's model has been the
framework: whether imperfect competition in the goods market can cause
unemployment even at a zero wage.

Relative to the second section we slightly modify the household's
problem, to

ma.xu(X,M/Pe) subj to MQ+Y=PX+M. (20)

Pe is the subjective expectation of next period's price level, so M/Pe is
expected future consumption (taking the simplest possible case, in which
the household has no future income).20 Our earlier utility function (1) is just
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the special case of this in which price expectations are unit-elastic in current
prices: Pe = klP. Hart's (1982) utility function is the special case of it in
which expectations are zero-elastic: Pe = k2. Here we posit an arbitrary
expectations function, Pe = <j)(P). If preferences are homothetic, the result-
ing consumption demand function then takes the form

^ ^ (21)

where a ' ( ) could take either sign. From this we have the price elasticity

~ H n J h £ ( P ) = 1" [l-e+(P)MP/<KF)) (22)
where ea, e^ are the elasticities of the functions a(-), </>(*)•

Now assume a competitive goods market, and constant returns to labour
such that X= N. Then P= W, and the demand for labour is just (21) with TV
replacing Xand W replacing P. This is the function faced by the r unions in
a typical local labour market.21 With no utility of leisure and equal
rationing of its members, the appropriate maximand for the typical union is
just its money wage revenue. Cournot competition amongst unions then
requires that at an interior (unemployment) solution, where each union
supplies (l/r)th of the market, we have

s(W)=l/r. (23)

This equation (if it has a solution) defines W, and thus P, independently of
Mo. We thus have complete price rigidity, and consequently a standard
Keynesian-type multiplier of money on output, as is easily shown by setting
Y= PX in (21) and solving for X.

What is the role of non-unit-elastic expectations? This may be seen from
(22): with a unit elasticity (e^= 1), s(P) equals 1, a constant. Clearly, it is
then the case that no value of Wean satisfy (23). It would be easy to show
that here the equilibrium must be a full employment one, if we were
explicitly to take into account the upper bound on a union's labour sales
imposed by its exogenous labour endowment. However at full employment,
monetary policy cannot affect output. Full employment would also be the
outcome, whatever the elasticity of expectations, under perfect competition
in the labour market, which highlights how imperfect competition is
essential for the policy effectiveness result.22 Rankin (1995) shows that if we
take a more general production technology, then given a sufficient degree of
concavity, unemployment will result even with unit-elastic expectations. In
this case any divergence of the expectations elasticity from unity, above or
below, turns out to cause a positive effect of money on output. Thus, since
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the expectations elasticity is an arbitrary subjective parameter, money will
almost always affect output positively. Such robustness substantially
strengthens Hart's original findings.

However, are non-unit-elastic expectations 'irrational'? An overlapping-
generations extension of the model in which this can be investigated is
provided in Rankin (1995). The very concept of an expectations elasticity,
of course, implies that an element of learning is involved in expectations
formation: under the extremely strong assumption of fully 'forward-
looking' expectations, money is - unsurprisingly - neutral. But if our
criterion of rationality is the more moderate one that expectations should
converge on the truth, then we can show that any expectations elasticity is
consistent with this. Moreover, a unit elasticity does not guarantee a correct
short-run forecast: this will only be the case for 'step' increases in the money
supply.23

Dehez (1985), d'Aspremont et al (1989a, 1990), Silvestre (1990) and
Schultz (1992) all consider models similar to Hart's but in which imperfect
competition is in the goods market, and a competitive labour market is
assumed. This is in order to consider whether goods market imperfect
competition can cause a situation in which labour demand is bounded
above, such that even at a zero wage, demand falls short of the economy's
labour endowment. Assuming no utility of leisure, the market-clearing
wage is then zero. Although such unemployment is formally 'voluntary',
the situation is clearly one in which an extreme degree of wage flexibility is
required, and only the smallest degree of inflexibility would in practice
cause true involuntary unemployment.

The necessary condition for this type of unemployment is that a firm's
marginal revenue should turn negative at some finite output level. This may
be illustrated as follows. Assuming Cournot competition amongst F
identical firms, in equilibrium we must have 'MR = MC\ i.e.

P[l-l/Fs(P)]=W. (24)

By relating P back to X/F(the output of a typical firm) through the demand
function, we may plot MR in the usual way as in figure 2.5. Here we have
drawn MR as cutting the horizontal axis at some output level XJF, which is
assumed to be less than the full employment one H/F. Silvestre (1990)
shows that this can happen if, for example, the expectations elasticity is zero
and utility is CES with an elasticity of substitution less than \/F. In this case
as W, and thus MC, is lowered towards zero, output and employment can
go no higher than XJF: unemployment exists even at zero wage. A non-unit
expectations elasticity is clearly necessary for this to occur: if e^ = 1 then
from (22) e(P) = 1, so by (24) MR is positive for all P (and thus for all X)2A
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•A/C = W

Figure 2.5 Negative marginal revenue at high output

Small nominal rigidities

There are in an economy many possible sources of nominal rigidity, which
may occur in only a small part of the economy, but which may in the
presence of imperfect competition cause significant non-neutrality of
money. As is implied in the work of Ball and Romer (1990) and Halti-
wanger and Waldman (1989), the relationship of strategic complementarity
between the nominal choices of agents in general means that small nominal
rigidities anywhere can induce some aggregate price rigidity (see also
Dixon, 1994b). The origin of the nominal rigidity may be outside the
domestic private sector - for example, for a small country with a fixed
exchange rate, in the nominal price of tradeables: Dixon (1990a) and
Rivera-Campos (1991) study this case. Prices, subsidies, welfare payments
and taxes set by the government are also often 'rigid' in the sense of being set
in nominal terms for a given period. One of the most significant of such
nominal rigidities is unemployment benefit. Dixon (1990b), Fender and Yip
(1993), and Moutos (1991) focus on this. The presence of such nominal
rigidities can have very different implications in a unionized economy from
those in a Walrasian economy. We will briefly look at the example of
unemployment benefits.

Unemployment benefits are set in nominal terms by governments, and
revised at regular intervals (in the UK, at the annual budget). In between
revisions they are fixed. The level of unemployment benefits is important in
a unionized economy because it alters the marginal trade-off between
employment and unemployment for union members. If we take the baseline
model and assume Cobb-Douglas preferences, no utility of leisure (e = 0),
constant returns to scale (a = B=l) and a perfectly competitive output
market, then the market-clearing wage is (as depicted in figure 2.6)
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Figure 2.6 Equilibrium with the wage as a mark-up on unemployment benefits
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\-c nH' (25)

The presence of unemployment benefits whose nominal level is fixed at b
will not influence the level of wages so long as b < Wc, which means that it is
worthwhile working (the replacement ratio is below unity). Except for the
fact that benefits provide a floor for wages, money is neutral in the
Walrasian case.

With unions, however, things may be different. Suppose that households
are grouped into r unions in each sector who behave as Cournot quantity-
setters. If union k seeks to maximize the 'surplus' [Wt — b]Nik earned by its
members, treating the general price level P as fixed then, as is shown in
Dixon (1990b), the equilibrium nominal wage becomes a mark-up over the
benefit level

{W-bWW^Xlr (26)

so long as Wt> Wc. This is depicted in figure 2.6. The important point to
note here is that in a unionized economy the nominal wage becomes tied to
the benefit level. Furthermore even levels of benefit below the competitive
wage can lead to involuntary unemployment, depending on the level of the
money supply. So Wt> Wc>b, and employed households earn more than
the unemployed, as at point A. Otherwise employment is always at B. This
contrasts with the Walrasian economy, in which benefits can cause unem-
ployment only if they are above the market-clearing wage. As a result of the
nominal rigidity introduced by unemployment benefits, with a unionized
labour market there will be standard Keynesian multiplier effects. Again,
this contrasts with the Walrasian economy in which there will be full
employment and a zero multiplier so long as b < Wc.
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Fiscal policy

The same set of factors which make monetary policy effective on output will
generally also make fiscal policy effective. This should not surprise us, since
as just seen these factors work by endogenously producing some form of
price stickiness, and we have long been familiar with the idea that price
stickiness makes any policy that influences aggregate demand effective.
However unlike in the case of monetary policy, imperfect competition by
itself is in general enough to cause significant effects of fiscal policy on
output. This is for several reasons. First, it is of the essence of price and
wage determination in imperfectly competitive markets that elasticity of
demand matters. Government policies which influence the elasticity of
demand therefore have the potential to alter relative prices in a way that is
absent in a price-taking economy. Second, imperfect competition
influences the distribution of income between wages and profits. Where
income distribution affects equilibrium, such as where there are income
effects on labour supply, the degree of competition can alter the impact of
government spending. A third reason is that in practice fiscal policy is not
generally symmetric: governments tend to concentrate spending on parti-
cular areas. The exact microeconomic mix of expenditures turns out to have
a significant macroeconomic influence which is much greater than in a
Walrasian environment. Finally fiscal policy affects activity by inducing
entry and exit of firms to and from the economy. Imperfect competition is
here generally combined with increasing returns in production. In order to
see the operation of these mechanisms clearly, in this section we abstract
from the factors of the previous section which gave rise to monetary
non-neutrality.25

Elasticity effects of the spending mix
When the demand for output has two components, private and public, its
price elasticity is simply the weighted average of the individual elasticities.
An increase in government spending, by increasing the share of public
expenditure in the total, shifts the elasticity of demand towards that of
public spending. If the latter is higher (lower) than the elasticity of private
spending, overall demand elasticity rises (falls), and consequently the
degree of monopoly tends to decrease (increase). Given the general finding
that raising monopoly power lowers output, output could be expected to
rise (fall).

This mechanism has been formalized and emphasized by numerous
authors.26 In practice it seems reasonable to argue that public spending is
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less price-elastic than private spending for most economies. This is obvious
if the government fixes its spending, and its allocation between sectors, in
real terms (zero elasticity), but it is also true if it fixes spending in nominal
terms (unit elasticity). Such an argument implies a negative impact of an
increase in spending on output. In general terms, governments often
conceive of policies as affecting the trade-off faced by market participants.
For example, in 1957 the British Chancellor of the Exchequer Thorneycroft
argued that 'if... money national income was pegged... wages could push
up prices only at the expense of employment: the onus of choice was, as it
were, placed on the unions' (Dow, 1964, p. 101). It is also possible to view
one reason for the shift from volume planning to cash planning of UK
public spending in the 1970s, and for the general attempt to reduce the scale
of public spending in the 1980s, as being the desire to weaken monopoly
(particularly labour monopoly) power, with the aim of countering the trend
rise in unemployment.

Income effects on labour supply
Even in a Walrasian economy, one way in which fiscal policy may affect
output is through the labour supply. A balanced budget increase in
government spending will have a positive effect on output if leisure is a
'normal' good in households' preferences, by virtue of the higher tax
burden which causes a lower demand for leisure and thus stimulates labour
supply. Up to now we have deliberately excluded income effects on labour
supply by the use of the utility function (1). Now we relax this assumption
and show how imperfect competition strengthens such an effect, since it
leads to a higher proportion of income entering the household's budget
constraint in the form of profits.

The following simple example is taken from Mankiw (1988); other
models exhibiting the same transmission mechanism are constructed by
Dixon (1987) and Startz (1989). The representative household in a barter
economy has Cobb-Douglas utility over goods and leisure

(27)

This implies that the price elasticity of private sector demand for each good
is unity. To abstract from the 'elasticity' effects discussed above, govern-
ment spending in each sector is taken to be fixed at Gt in nominal terms, so
that real government spending, g/=G!

//PI-, is also unit-elastic. On the
production side we assume there are constant returns to scale (Xj = N;)9 and
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thus marginal cost equals the wage, W. Given F firms per sector, the unit
elasticity of demand implies that under Cournot-Nash equilibrium there
will be a fixed mark-up of the price over the wage, with

P - W W
_ ^ _ = M = 1 / F = > = 1 - ^ . (28)

Firms' nominal and real profits in sector / are

IIN, (29)

Profits are immediately distributed and government spending is financed by
lump sum taxation, so the household has the budget constraint

tpC,+ W[H-N]=WH+ £ n- £G, (30)
1 = 1 1 = 1 1 = 1

Since Cobb-Douglas utility implies constant expenditure shares, we can
immediately write down the households' spending on leisure as

(31)

The macroeconomic system is completed by assuming a symmetric goods
market equilibrium with a competitive, clearing labour market. Using (28)
and (29) in (31) yields an equation for N

^ (32)

We now have, differentiating (32), the following balanced budget spend-
ing multiplier

£1=1 03)dg l-cfi

As the degree of monopoly, /i, increases from zero to one, we see that the
multiplier rises from l — cto unity. Thus it approaches the macro textbook
multiplier for a high degree of monopoly. This may be understood in either
of two ways. First, a higher mark-up increases the profit feedback from
firms to households per unit increase in output. This boosts consumption
spending and so the multiplier. Alternatively viewed, a higher \x lowers the
real wage, 1 - \i. The income effect on labour supply of the increased
taxation is thereby strengthened, as may be seen from the term \—\im (32).
This is because the 'propensity to spend on leisure' is a constant, 1 — c: a
lower real wage means more leisure is consumed per unit increase in
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exogenous income. The mechanism demonstrated here is not specific to a
barter economy: Dixon (1987) obtains essentially the same outcome in a
monetary economy with money-financed expenditure (see also Molana and
Moutos, 1992, for a discussion of taxation in this model).

Effects of sectoral spending asymmetries

One of the most important ways that fiscal policy differs from monetary
policy is in its inherently microeconomic content. This is obvious in the case
of taxation: most taxes levied by governments alter supply-side incentives.
It is, however, also true in the case of government expenditure: the
government decides not just how much to spend, but also on what to spend
it. The issue of how to allocate government expenditure is given much
consideration by politicians, and quite rightly is seen by many as having
important economic consequences. Some of these stem from the intrinsic
value of government expenditure - on health, education and so on.
However, in this section we will rather consider the case where government
expenditure is 'waste'. We will also assume that apart from possibly
different levels of government expenditure the 'fundamentals' of each
market are the same - technology, the number of firms, union and
consumer preferences. This rules out fairly obvious reasons for expenditure
decisions based on differential employment effects due to capital intensity,
import content and so on. By what mechanism can the allocation of
government expenditure influence aggregate employment?

In an economy with perfect labour mobility and a competitive labour
market, there can only be a single market-clearing wage in the economy.
Whilst fiscal (or monetary) policy might influence this, it cannot influence
relative wages. However, if there are sectoral unions, then these can in
principle determine wages in their own sectors, and relative wages can then
vary. In effect the union can be seen as an institution which limits labour
mobility: the employed union 'insiders' are protected from the competition
of 'outsiders', who may either be unemployed or employed in other
industries. Since relative wages can then differ across sectors, the allocation
of government expenditure amongst sectors has a foothold from which to
influence aggregate output and employment.

In order to illustrate this, we outline the approach in Dixon (1988,1991).
In each of n sectors, there is a monopoly union which sets the nominal wage
Wt in that sector, according to a Stone-Geary utility function (as is
commonly used in empirical work - see Pencavel, 1984; Dertouzos and
Pencavel, 1984). Each union sets its wage treating the general price level as
given. Households have Cobb-Douglas preferences, there is no disutility of
labour (0 = 0), and constant returns to labour. Dixon derives a 'reaction
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Figure 2.7 Sectoral and aggregate employment levels

function' for the sectoral union which states the nominal wage it wishes to
set given the level of demand in its sector and the cost of living. The demand
in that sector is determined by the sector-specific level of government
expenditure (fixed in nominal terms) and the level of nominal national
income. Given that prices are a mark-up on costs (determined by Cournot
oligopoly), we can solve for the equilibrium nominal wage and employment
in each sector for a given government policy.

The equilibrium employment equation is given by

Nt = NByl/n (34)

where NB is a constant (determined by union preferences and the degree of
monopoly in the product market), and yt is the ratio of nominal expenditure
in sector / (Yl) to the geometric average of sectoral expenditures
([n?=1 Yt]xln). This yields the fundamental Natural Range property

(35)

That is, the product of sectoral employment levels is constant, defining a
rectangular hyperbola in employment space. We can thus graph the
combinations of possible equilibrium employment levels when n = 2 as in
figure 2.7. Total isoemployment isoquants are represented by negatively-
sloped 45° lines, Nx + N2 = N. The total employment constraint is set by the
aggregate labour supply, H. There is then a range of feasible aggregate
employment levels: with a symmetric fiscal policy, aggregate employment is
minimized at A with TV = 2NB\ as we move away from the positively-sloped
45° line total employment increases up to full employment at H. For any
given government policy, there is a unique equilibrium on the rectangular
hyperbola NYN2 = (NB)2. By altering the mix of government expenditure
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across sectors, the economy is made to move along the hyperbola, with the
resultant change in aggregate employment.

Thus, in the unionized multisector economy the government's allocation
of expenditure across sectors determines aggregate employment. This
stands in total contrast to the Walrasian economy. In this case, perfect
mobility of labour ensures that there is a single wage Wfor all workers, and
furthermore that so long as W> 0 there will be full employment at H (since
9 = 0). Switching expenditure from one sector to another merely serves to
cause exactly offsetting changes in employment to maintain full employ-
ment. The reason for the difference with imperfect competition is that the
presence of unions means that wages may differ across sectors, and that as
demand shifts across sectors relative wages alter, and thus changes in
sectoral employment need not cancel out. The particular functional forms
give rise to the specific 'natural range' result found in these studies, but the
existence of a natural range in general does not depend upon them (see
Dixon, 1988, Theorems 1 and 2).

Given that the government can increase total employment within the
natural range, will it want to? Recall that we are treating government
expenditure as waste. It can be shown that the real government expenditure
multiplier in this model is less than unity (higher prices crowd out private
expenditure - see Dixon, 1991, Proposition 6). However, despite this,
government policy that increases total employment will increase the total
utility of households (Dixon, 1991, Theorem 2). This is an interesting and
possibly counterintuitive result. In unionized (as opposed to Walrasian)
labour markets the real wage will usually exceed the marginal disutility of
labour. Each employed worker thus earns a 'surplus': as total employment
goes up, there is an increase in the total surplus as unemployed people
become employed.

Fiscal effects on entry and exit

All the imperfectly competitive economies considered so far have treated
the number of firms as fixed. In this sense they are 'short-run' analyses. One
strand of the literature, beginning with Weitzman (1982) and developed
further by Snower (1983), Solow (1986), Pagano (1990), and Green and
Weale (1990), focuses on entry and exit of firms as the explanation of
unemployment and the effects of fiscal policy. In simple terms, policy which
induces entry will tend to increase competition in the market.27 Thus
fluctuations in the number of firms can influence output, with more firms
leading to higher output.

Increasing returns in production are an essential feature of these models,
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and the ultimate source of the imperfect competition. Weitzman (1982)
claimed to have explained involuntary unemployment on the basis of
increasing returns and goods market imperfect competition alone, but his
model, and the very similar one by Solow (1986), lack any treatment of the
supply side of the labour market. Pagano (1990) builds an overlapping-
generations version of the Weitzman model, completing it with a Walrasian
labour market. This eliminates involuntary unemployment, but permits
employment to fluctuate by allowing a variable labour supply. Fiscal policy
in the form of a tax cut financed by bond issues is shown to reduce output
and employment in his framework: the tax cut raises the interest rate and
causes capital decumulation, reducing long-run output. The basic mechan-
ism is the same as in Diamond's (1965) growth model, where the continuous
birth of new households implies that 'Ricardian equivalence' fails to hold.
However imperfect competition here reinforces the negative impact,
because as firms are driven out of business the degree of monopoly
increases, tightening the monopolistic restriction of output.

A further role for fiscal policy arises owing to the possible existence of
multiple equilibria, which are a common feature of models with increasing
returns. Pagano shows that there may be situations in which by changing
taxation the government can eliminate a low output, Pareto dominated
equilibrium, forcing an economy which has settled there to move to a
superior one. (For other examples of multiple equilibria, see Cooper and
John, 1988; Kiyotaki, 1988; Frank, 1900, and the rest of the 'coordination
failure' literature described in Dixon and Rankin, 1991.)

Conclusions

What has imperfect competition added to the macroeconomic interest of
the Walrasian model? First, it generates a suboptimally low level of output
and employment, which is an apparently pervasive feature of real econ-
omies. This is suggested by any partial equilibrium model of imperfect
competition, but the macromodels in addition enable us to see how
inefficiently low output results from coordination failure amongst imper-
fectly competitive agents. Second, closely associated with low output,
imperfectly competitive economies typically generate unemployment.
When there is imperfect competition in the labour market, such unemploy-
ment is involuntary in the sense that there are individuals who would prefer
to work more at the prevailing wage. Even where it is voluntary, as when the
labour market is competitive, it is above the Pareto efficient level of
unemployment.

Our focus has been on policy effectiveness. As regards fiscal policy,
imperfect competition adds several important new mechanisms whereby
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policy can affect output, and modifies others. It is notable that, so long as
money remains neutral, there is no general presumption in favour of a
positive rather than a negative effect of a fiscal expansion on output. The
transmission mechanisms are different from those of the Keynesian multi-
plier, and the sign of the effect depends on features of little importance in a
Walrasian economy, such as relative price elasticities of private and public
sector demands, or the sectoral allocation of spending. We may be tempted
to think of these as 'supply-side' mechanisms, but this would be incorrect,
since they work mainly via demand. Imperfect competition tends to
undermine the textbook demand-side/supply-side dichotomy. However,
the most critical difference between fiscal policy in Walrasian and imper-
fectly competitive economies is on the welfare side. Since output and
employment are inefficiently low, it is much more likely that a fiscal policy
change which increases output will bring about an increase in welfare (even
if not necessarily a Pareto improvement). This is never true in Walrasian
models, where if government expenditure is pure 'waste', an increase will
always reduce welfare, irrespective of the change in employment.

As regards monetary policy, we emphasized from the start that we need
some second distortion in addition to imperfect competition to generate
real effects. The importance of imperfect competition is that without it the
distortion would cause no, or only negligible, non-neutralities. Monetary
policy, unlike fiscal policy, almost never has a negative effect on output, and
where money is non-neutral the general behaviour of the economy is much
closer to that of traditional macroeconomic theory. The reason is that there
is then some form of endogenous nominal rigidity, i.e. a tendency of prices
and wages to respond only weakly to aggregate demand. The study of
imperfectly competitive macroeconomics thus tends to reinforce the view -
which is still not especially widespread - that to generate some type of
nominal rigidity is an essential part of any explanation of traditional
macroeconomic policy effects.

What are the promising directions for future research? Two relatively
unexplored areas are extensions to the open economy and to dynamic
models. Work on the former exists primarily in the shape of studies of
exchange rate pass-through, by Dornbusch (1987), Giovannini (1988),
Froot and Klemperer (1989) and others (see the survey by Dixon, 1994a).
This could profitably be merged with studies of policy effectiveness in the
open economy such as Dixon (1990a): an example of this is Rivera-Campos
(1991). Work on dynamic models exists in the studies by, amongst others,
Caplin and Spulber (1987), Caplin and Leahy (1991), Pagano (1990), and
Rankin (1992) and Jacobsen and Schultz (1994). This is still a disparate set
of contributions: in particular, the complex strategic issues which poten-
tially arise in the intertemporal setting have yet to be incorporated into
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macroeconomics. Other macroeconomic areas in which imperfect compe-
tition has been and will continue to be widely applied, but which we have
not attempted to cover here, are the recent theory of endogenous growth
(see, for example, Grossman and Helpman, 1991), and the theory of
economic development (Murphy et al.9 1989). In view of the importance of
nominal rigidities to traditional short-run macroeconomic questions, much
future work is likely to focus on models which generate these. Serious
questions remain for the dominant menu cost approach, such as whether it
is reasonable that for a sufficiently large monetary shock neutrality will
prevail. A difficult but potentially rewarding sequel would be to model not
the direct administrative costs of price adjustment, but the indirect costs
resulting from uncertainty and asymmetric information: some macro-
economic implications of these have begun to be explored by, for example,
Andersen and Hviid (1990).

Notes

This chapter was originally published in Oxford Economic Papers (1994), pp.171—
95; we would like to thank Oxford University Press for their kind permission to
reproduce it here. We also acknowledge the very helpful comments of three referees,
and of many seminar and conference participants.

1. A quite common simplification of the above separate treatment of households
and firms is to assume a single type of agent (the 'farmer') who produces output
using only his own labour as an input. This is used for example in Blanchard and
Fischer (1989, ch. 8) and Ball and Romer (1989a, 1990, 1991), and has the
advantage that the model reduces to one in a single type of market - namely for
goods, with the labour market being suppressed.

2. Replacing the Cobb-Douglas form for subutility over aggregate consumption
and money by a more general homothetic form makes no difference to the
constancy of c, unless a different deflator for Mis used. This becomes important
in models with non-unit-elastic expectations, see p.47.

3. So formally F= 1 but perfect competition is imposed by the assumption of
price-taking: this enables a comparison with the monopoly case below which is
not distorted by different numbers of production units.

4. When there is a centralized union, we assume that firms' profits are received by a
separate rentier class of household which entirely consumes them. If the union
received them, it would effectively control the whole economy and so would
obviously choose the first best, competitive outcome.

5. This is consistent with the maximization of household's utility (1) if there is
equal rationing of workers. With, instead, all-or-nothing rationing and random
selection of workers, it is consistent with expected utility maximization if e = 1,
since (1) then exhibits risk-neutrality.

6. However, one of the best known models with sectoral unions does not fit this
pattern. In Hart (1982) consumers are able to buy output only in one sector, so
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one sector's output is neither a gross complement nor a gross substitute for
another's and the money-wage elasticity of labour demand is not affected by
having sectoral rather than centralized unions.

7. If goods are gross substitutes a rise in Wt and thus Pt will cause consumers to
switch to other goodsy, something which would not happen if all goods' prices
rose together.

8. This objective function still derives directly from the household's utility
function (1): we should think of each household as now constituting a separate
union.

9. This point was not recognized in some early literature, which tended to regard
any situation in which agents face downward-sloping demand curves as
generating ipso facto demand management effectiveness. A simple fallacy is to
argue that a money supply increase shifts outwards agents' demand curves
causing them to raise output, forgetting that in a general equilibrium context
cost curves will shift up by an exactly offsetting amount. In several studies Ng
(1980, 1982a, 1982b, 1986) claims that imperfect competition breaks the
classical dichotomy despite this, but his argument also rests on proving the
existence of a local continuum of equilibria: see the interchange with Hillier et
al. (1982). The clearest statement of the need for distortions in addition to
imperfect competition is in Blanchard and Kiyotaki (1987).

10. 'Distortion' is not an ideal term because not all the extra factors we consider are
necessarily sources of failure to achieve Pareto optimality in a competitive
economy, although they could be.

11. Jones and Stock (1987) claim that imperfect competition is not necessary for the
result. They assume 'near rationality', as introduced by Akerlof and Yellen
(1985a, 1985b). Behaviour is 'near-rational' if the forgone utility or profits is
less than some small fixed amount. If the failure of rationality is a failure to
adjust prices optimally, then this is formally equivalent to menu costs.
However, Jones and Stock assume it takes the form of a 'rule of thumb' in which
competitive firms increase output whenever demand increases, which is clearly
different from the notion of menu costs.

12. The formal similarities are explored in depth in Madden and Silvestre (1991,
1992).

13. Clearly a 'pecuniary' rather than a 'technological' externality. The term
'externality' is misleading in so far as pecuniary externalities are not usually
held to cause market failure: the underlying source of the market failure here is
of course just the imperfect competition itself.

14. The total effect of a fall in Pt on firm/s profits is negative to the extent that it is
undercut by a rival, but these relative price effects cancel out when all prices and
wages are reduced.

15. It would seem to be a limitation of Ball and Romer's analysis that risk-aversion
is present in their model only incidentally. They use the utility function from
Blanchard and Kiyotaki's deterministic model without any modification: there
is no separate risk-aversion parameter; risk-aversion simply happens to be
present in the utility function due to the assumption of increasing marginal
disutility of work (e> 1).
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16. See n. 1 above.
17. This is almost identical to Akerlof and Yellen (1985a), who however do not

comment on the help which their efficiency wage assumption provides in
keeping opportunity costs small.

18. Again, 'distortion' may be a misleading label for certain kinds of'real rigidities',
since on Ball and Romer's definition they could consist of no more than, for
example, highly elastic labour supply; yet it is clearly appropriate for those
which derive from, for example, imperfect information.

19. Blanchard and Fischer (1989, ch. 8) provide intuitive explanations for these
results.

20. As does Hart, we now assume that consumption is a scalar and that there is no
disutility of work.

21. To allow us to assume that unions take their firms' customers' incomes (Y) and
their members' consumption prices as given, Hart postulates many (identical)
locations, each with its own labour and goods market, such that workers at one
location are dispersed, qua consumers, amongst other locations.

22. It is true, as Patinkin (1965) showed, that non-unit-elastic expectations by
themselves make money non-neutral. But here we are concerned with some-
thing stronger than mere non-neutrality: we are looking for a positive effect of
money on output. Under perfect competition money is here non-neutral in that
a change in Mo affects real balances MJP - but this is an uninteresting
non-neutrality.

23. In Rankin (1992) it is shown that with imperfect competition the assumption
that expectations are validated does not tie down a unique long-run equili-
brium. This still depends on the expectations elasticity, unlike in Walrasian
models, and consequently so does the response to monetary growth.

24. Schultz (1992) however challenges the robustness of the zero-wage unemploy-
ment result. Extending the model to include overlapping generations of
consumers, he shows that MR is always positive in such a world.

25. For an analysis where monetary non-neutrality and fiscal policy are combined,
see, for example, Rankin (1993).

26. Amongst others, Solow (1986), Svensson (1986), Dixon (1990a), Thomas
(1990), Rankin (1993), Jacobsen and Schultz (1994).

27. It is worth noting that this does not hold with the Dixit-Stiglitz (1977) CES
version of monopolistic competition universally used in the menu cost literature
(see Hart, 1985a, for a discussion of this fundamental microeconomic issue).
Consequently most of the models with entry use Salop's (1979) 'competition on
a circle' model.



3 Notes on imperfect competition and
New Keynesian economics

Richard Startz

Introduction

New Keynesian economics is a counter-revolution against the ascendancy
of the 'rational expectations' and 'new classical' schools which dominated
macroeconomic research through much of the late 1970s and the 1980s. The
New Keynesian approach uses the standard tools of microtheory; that is
New Keynesians model consumers, workers, and firms as rational, maxi-
mizing agents. Further, markets clear. Thus, the 'modelling techniques' of
the New Keynesians have much in common with those of the new classical
school. The output of New Keynesian models, in contrast, follows along
traditional Keynesian lines. Three broad, interrelated results emerge. First,
the aggregate economy has multipliers, so an initial shock in the supply or
demand for goods will be magnified in general equilibrium. Second,
economic fluctuations are frequently not Pareto optimal. Recessions
involve real welfare losses that, in principle, are avoidable. Third, govern-
ment policy can be effective in manipulating output and can be welfare
improving in so doing.

New Keynesian models invariably involve market failure, almost always
some form of imperfect competition, and usually monopolistic compe-
tition. Why the link between New Keynesian models and imperfect
competition? To illustrate the problem with the assumption of perfect
competition, consider the following question for a hypothetical graduate
school qualifying exam.

In this economy, consumers maximize utility and firms maximize profits. Markets
are complete and perfectly competitive for all products and across all time periods.
Assume any regularity conditions necessary to ensure an Arrow-Debreu
equilibrium.

Specifically, the endowments, tastes, and technologies of the economy are as
described in the following 666 equations.

Question 1: Describe the dynamic path of the optimal government intervention in
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the face of a temporary, one-unit shock to endowments as described in equation
111. (Ignore any role of income distribution in the social welfare function.)

The answer, of course, is that the government ought not intervene. All
666 equations above are just a red herring. If the conditions of the economy
ensure Pareto optimality, then there is no (non-redistributive) role for
government. I take Robert Lucas' oft-quoted advice that a good model
doesn't leave $20 bills lying on the sidewalk as a shorthand reminder of this
fact.

One way to summarize the 'Keynesian' research programme in the 40
years following the General Theory, is as the work of macroeconomists
collectively flunking the just-stated exam question. The paradigm of the
early postwar period rested on simple general equilibrium models, Hicks'
ISLM diagram and Samuelson's multiplier/accelerator model. These
models had only loose underpinnings in maximizing behaviour. While each
sector of the economy was modelled assuming rational, and usually
competitive, behaviour on the part of agents, general equilibrium predic-
tions seemed to suggest unexploited and unexplained profit opportunities.
Nonetheless, both theoretical models and the very successful programme of
building econometric forecasting models went along merrily producing
'policy recommendations'. It was this contradiction between the well
known results of mathematical general equilibrium theory and the practice
of applied macroeconomic model building that led macroeconomics into
scientific disrepute in the 1970s and 1980s.

The new classical economists accuse the Keynesians of being unscientific
for making the claim that there are specific macroeconomic policies for
improving social welfare - the $20 bill on the sidewalk being opportunities
left unexploited by the private sector. The Keynesians, in turn, point to the
recessions of the 1930s and early 1980s as periods of great social inef-
ficiency. They claim these episodes disprove the classical theories. Good
science would not lead society to fall flat on its face - having tripped over a
$20 bill in plain sight - because theory 'proved' the impediment could not
exist. In other words, the new classical economists maintain a Bayesian
prior that agents 'behave rationally' and the Keynesians' prior is that the
empirical behaviour of the economy is very different from what would be
generated by atomistically competitive rational agents. Neither side is
inclined to allow evidence to move their posterior.

New Keynesian economists, like the new classicals, build models in
which agents behave rationally.1 Like the Keynesians, they believe that the
real economy departs in important ways from an Arrow-Debreu equili-
brium. In a sense, New Keynesians believe we do observe $20 bills, and seek
to explain their presence.



Imperfect competition and New Keynesian economics 65

New Keynesian economists study that very narrow subset of non-
Arrow-Debreu equilibria in which aggregate externalities and positive
feedback play an important role.2 The models are necessarily built on
incomplete markets or imperfect competition. The most common failure of
perfect markets has been monopolistic competition. In part, this choice
results from the belief that monopolistic competition is pervasive in a
modern economy. In part, the choice reflects technological improvements
which have made these models easy to manipulate, specifically the inven-
tion of the Dixit-Stiglitz model of product variety. Even studies which
employ essentially identical models of monopolistic competition do so for
disparate purposes. Rather than a simple linkage, there are many different
ties between imperfect competition and the New Keynesian economics.

New Keynesian work has a mostly macroeconomic-modelling appear-
ance. It is nonetheless useful to consider the microeconomic mechanisms
which cause a departure from the usual perfect equilibrium. There are
several. One important mechanism is to put a wedge between private and
social costs so that the economy operates always inside the omniscient-
central-planner-production-possibility-frontier (OCPPPF). Demand fluc-
tuations move equilibrium around inside the frontier. Blanchard and
Kiyotaki (1987), Bryant (1983), Diamond (1982), Dixon (1987), Hart
(1982), Mankiw (1988) and Startz (1989) fall in this genre. A second
mechanism has scale fluctuations causing endogenous reallocation of input
factors across production technologies of differing productivity. Shleifer
and Vishny (1988) is one such. Finally, one ought to consider the role of
imperfect competition in explaining endogenous movement of the
OCPPPF. This is the realm of 'New Growth Theory,' Romer (1986) and
many others.

The strands of New Keynesian economics

For purposes of exposition, I divide the work of the New Keynesians into
four strands: real models of monopolistic competition and aggregate
demand, real models of aggregate demand and search equilibrium, nominal
models of monopolistic competition and rigid prices,3 and aggregate
demand and multiple equilibria. Finally, I will comment on some work that
does not quite fit in any of these categories. While I reference a number of
studies in what follows, nothing here should be construed to be a literature
review. There are now four long - and excellent - survey papers. See
Benassy (1993), Dixon and Rankin (chapter 2 in this volume), Gordon
(1990), and Silvestre (1993). The Winter 1993 Journal of Economic Perspec-
tives symposium on 'Keynesian Economics Today' provides competing
views on the value of the New Keynesian agenda. Matsuyama (1992) nicely
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exposits much of the intuition connecting monopolistic competition and
complementarity.

Monopolistic competition and aggregate demand

The models of Hart (1982), Dixon (1987), Mankiw (1988) and Startz (1984,
1989, 1990) present models of imperfect competition which can be used as
foundations for the Keynesian cross. There are several ways of thinking
about what monopolistic competition buys you. The first is that the social
return to labour is above the private return. Since part of production goes to
profits rather than to factor inputs, less labour is sold than would be
optimal. Something which expands the economy has the potential to move
the economy closer to a first best. The second way to think about the nature
of equilibrium is that monopoly profits create an externality that generates
a positive feedback through aggregate demand. An increase in demand
generates economic profits which are returned to the firms' owners. The
owners, whose wealth has increased, increase their demand, further increas-
ing output and profit. Thus, a 'Keynesian' multiplier results.

To illustrate, consider a slightly changed version of Mankiw (1988) with
some elements of Startz (1989) thrown in. Suppose that the representative
consumer has a utility function defined over two goods, C and G, and
leisure, L. Utility is given by

U = a log C + p log G + (1 - a - P) log L

where 0 < a , j3, a + j3< 1.
The agent sells part of her labour endowment, a>, at a real wage rate w. C

and G are produced with identical technologies so the price of each is 1. Real
(per capita) profits, if any, are U and lump sum taxes are T. Suppose that
the consumer's allocation of G is supplied by the government. Thus the
consumer's budget constraint is

C=w(co-L) + n-T

and the government's budget constraint is G= T.
Taking G, T, and 77 as exogenous, the representative consumer will

demand

Imposing the government budget constraint, GNP and welfare are

Y = C + G = -r^-z [wco + II] + a
 O

P [G] (aggregate demand)
1 - p \-p
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U= (I-p)log C+p log G + kx

where kx is an unimportant constant. If the government sets G to maximize
welfare, the economy ends up at

C=(x[wco + n]
U =\

Suppose that the economy is competitive, or at least that 77 is exogenous
to the economy as well as to the individual agent. Then this equilibrium is
the same as agents would have chosen for themselves if G were provided
privately rather than by the government. In other words, the government is
replicating a laissez-faire equilibrium. What happens if the government
decides to undertake 'expansionary' policy and increase G one unit? By
inspection of the GNP equation, GNP rises,

although by less than one, as consumption of the good named C is partially
crowded out. Since G had been set to maximize welfare, the increase in G
necessarily reduces welfare. This is very much the new classical result.
Government policy that moves the economy away from laissez-faire may
be 'effective', in that output rises, but it is clearly undesirable.

Now introduce imperfect competition. Skipping a careful specification of
the industrial structure, assume producers mark up prices over marginal
cost by the factor \i. Marginal real profit from sale of an additional unit of
output is dII/dY= (ji—  l)//i. Combining this relation with the aggregate
demand equation gives

dY= -^— n [WOJ + d77] + —T^-T—  [dG ] (aggregate demand)1-jS \-p

dU = dY (aggregate profit)

where dlJ enters the aggregate demand equation via income in the
consumption function. From inspection of the two equations, the balanced
budget government spending multiplier is

dY _ 1 l - a - j 8 1-a-ff dY
dG~ _ a ii-\ l-p ' \-p ~a7G< '

This New Keynesian multiplier is larger than the effect of government
spending in the competitive version. At the macroeconomic level, the
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Output

Leisure

Figure 3.1 Fiscal policy under perfect competition

difference is due to the additional path of positive feedback through
aggregate profits. At the microeconomic level we have a 'strategic comple-
mentarity', a term coined by Bulow, Geanakoplos and Klemperer (1985)
and brought into the macroeconomics literature by Cooper and John
(1988). Increased demand due to government spending increases aggregate
profit, which leads individual consumers to follow more aggressive strate-
gies, that is to increase their own demands.

What happens to welfare? Suppose government spending is set initially at
the laissez-faire level for this economy. An increase in G has two effects.
First, at the laissez-faire point, the marginal utilities from C and G are
equal, since that is what private agents would have chosen. An increase in G
increases utility by less than the crowding-out of C reduces it. Exactly as in
the competitive model, increased G distorts private choice and reduces
welfare by a (literally) second order amount. Second, the expansion of
demand increases aggregate profits and therefore income. The increased
income increases welfare by a first order amount. Thus, starting from the
laissez-faire point, some finite amount of expansionary fiscal policy is
necessarily welfare improving.

At the macroeconomic level, imperfect competition buys us a route for
positive feedback, aggregate demand multipliers, and welfare improving
fiscal policy. The question is, what is going on in the microeconomic
structure? The answer is that private agents regard aggregate profits as
exogenous, when in fact profits are endogenous. Aggregate profits act as an
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Output

Figure 3.2 Fiscal policy under imperfect competition
Leisure

externality. Atomistic decisions do not lead to a first best solution. This is
an example of what we call a 'coordination failure'. It is not surprising that
social policy which moves the equilibrium closer to the first best is welfare
improving.

All this has a very 'macroeconomic' look. What might an intermediate-
micro diagram look like? In figure 3.1, we show indifference curves between
output (C and G combined) and leisure. Production exhibits constant
marginal product and takes place under a regime of perfect competition.
The PP line is the production possibility set and coincides with the
consumer's budget line. Under laissez-faire, equilibrium is at Eo. Suppose
the government introduces a lump sum tax and uses the revenue to transfer
G to agents. Equilibrium moves to a point like Ev (The budget line is not
tangent to the indifference curve because the consumer is being forced to
take more G and less leisure than she would choose privately.) While fiscal
policy is expansionary, it is also, obviously, a bad idea.

In figure 3.2, the production function PP has constant marginal cost plus
a fixed cost component. Because of the monopolistic mark-up, the con-
sumer's budget line, BB, is more shallow than the production function.
Assume that equilibrium is initially at zero profits and that this is reflected
in the height of the budget line. The consumer chooses point E2. The vertical
distance between Yx and Y2 is the producer's marginal profit, which is just
enough to cover the fixed cost, leaving zero total profit. Suppose we repeat
the earlier exercise. The consumer, taking profits to be exogenous, 'initially'
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moves to E3.4 But at this point profits have risen because the BB line is flatter
than the PP line. As a result each consumer's budget line rises, further
increasing demand and thus further increasing profits. In general equili-
brium, the budget line rises, say to something like BxBl9 a segment of which
is shown, and the economy moves to EA. (The income expansion path given
the constrained goods/leisure choice runs through E3 and £4.) Not only is
output up but, as drawn, so is welfare. This last result depends on the
balance between the leftward movement of E3 reducing welfare and the
upward movement to E4 increasing welfare. (With Cobb-Douglas prefer-
ences, it turns out that a small intervention is always good and a large one is
always bad.)

All this relied on the social production function, PP, not moving. So the
analysis given assumes away any changes in the strategic games played by
producers. As the most simple illustration of this limitation, the movement
shown in figure 3.2 holds constant the number of firms even though in the
presence of fixed costs, average costs may be lower at EA than at E2. Since a
point like E4 has positive aggregate profits, the final long-run equilibrium
ought to involve some further movement of the PP curve. In Startz (1989),
free entry increases the number of firms until the aggregate fixed costs are
high enough to eliminate profits. In that model the movement of the PP
curve is just enough to return output to its prefiscal policy level.

The model as stated is really incomplete, because the production
technology and market structure are unspecified. A number of models use
monopolistic competition to support an increasing average returns to scale
technology. With the Chamberlinian large numbers assumption, each
producer takes her competitor's actions as fixed. The Dixit-Stiglitz model
makes it particularly easy to compute the monopoly mark-up, as each firm
faces a constant elasticity demand curve. What is necessary at the micro
level is for there to be support for an aggregate positive feedback loop which
'disappears' at the atomistic level. Monopolistic competition provides such
a structure, but it is not the only way to get there. Hart (1982) and others use
Cournot-Nash equilibria.

Aggregate demand and search equilibrium

Diamond (1982) and Diamond and Fudenberg (1989) produce a coordina-
tion failure in a model of probabilistic search for trading partners. Agents
can enjoy the fruits of their labour only by exchanging their produce with a
trading partner. The more likely an agent is to find a trading partner, the
greater the ex ante value of working. If more agents choose to work, then
any given agent is more likely to find a trading partner. Thus the decision to
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Figure 3.3 Strategic complementarity in Diamond's model

produce increases the probability of success for all other traders, acting in
this manner as an aggregate demand externality.

To illustrate, consider a much simplified variant of Diamond (1982).
Each agent owns a coconut palm. Climbing the tree costs disutility c < 1. If
the tree is climbed, the agent harvests one coconut which is either sold,
returning one util, or rots. The equilibrium probability of selling the
coconut is p. Maximizing expected utility, the agent climbs her tree if
/? • 1 + (1 - /?) • 0 > c. Assume that c is distributed among agents uniformly on
the unit interval. The number of coconuts picked, y, is then p. (The first best
solution is y = 1.) Think of this as giving the aggregate supply of coconuts.

Aggregate demand is written as the probability of finding a buyer as a
function of the number of agents searching, p(y). The function increases
monotonically from/?(0) = 0, with the exact form depending on the search
technology. This is the source of strategic complementarity. Figure 3.3
shows one possibility.

As drawn, there are several rational expectations equilibria, none of
which is a first best. The equilibria alternate between stable and unstable.
To see this, suppose agents mistakenly believe that the probability of a sale
is given by the point iO\ where aggregate supply is above aggregate demand.
Producing at point'°' they will go to market and find too few buyers and
therefore will reduce output. The choice of equilibrium depends on an
exogenous self-fulfilling prophecy as to the level of p. In other words, the
economy can be moved from one static equilibrium to another by
Keynesian 'animal spirits'.

Now add a government to the model which engages in taxes and
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Figure 3.4 Increase in aggregate demand

purchases, thus increasing the level of market activity at any level of output.
Aggregate demand is increased, as shown in figure 3.4.

The stable equilibria move to higher levels of output. Since more output
is always better in this model, fiscal policy improves welfare as well as
increasing output.

The level of market activity acts as a public good and increased
government provides more of it. One ought to ask why the government can
provide something private agents can not. In the previous section, fiscal
policy distorted private choice so no individual agent would voluntarily
undertake the kinds of trades imposed by the government. In this section,
we might assume some transaction cost of trading with the government.
Every agent wants there to be expansionary fiscal policy in order to increase
p, but no agent will voluntarily accept the transactions cost.

Imperfect markets enter in that no price clears the goods market - there is
no auctioneer. (Monopolistic competition is not used in this model.) The
positive feedback loop operates through increases in demand increasing the
probability of making a sale, which increases output and thus demand.
Atomistic agents treat p as exogenous, even though p is endogenously
determined at the aggregate level.

Monopolistic competition and rigid prices

The greatest intellectual problem in macroeconomics is to understand the
role of nominal prices. Economic theory is clear that only relative prices
matter and use of a fiat numeraire is a mere bookkeeping convenience.5
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Most Keynesian economists, at least in the USA, believe that as an
empirical matter changes in the real money supply move real GNP and that
in the short run nominal prices are rigid. The nominal money supply is
therefore an effective tool to manage output.

The development of the menu cost literature as an underpinning for rigid
nominal prices is the first serious theoretical development in this area. The
seminal works are Akerlof and Yellen (1985b), Blanchard and Kiyotaki
(1987), Kiyotaki (1985) and Mankiw (1985). There is also a growing
modern body of work examining rigid prices per se (see Ball, Mankiw, and
Romer, 1988, Rotemberg, 1987). Chapter 8 in Blanchard and Fischer's
Lectures on Macroeconomics is devoted to this topic. Gordon's excellent
survey in the Journal of Economic Literature (1990) 'sifts and criticizes' a
decade's work in this area.

The best exposition of the menu cost literature is Mankiw (1985). What
follows is a variant of that model and of Blanchard and Kiyotaki (1987).
Suppose all firms are price-setters, that aggregate demand depends on the
real money supply, and that a firm's market share depends on its price
relative to the nominal price level. The profit function6 of the /th firm is
ni=n(Pi/P>M/p). Initially, there is some set of prices and corresponding
quantity allocations which are privately optimal given the nominal money
supply.

Suppose the nominal money supply is now increased A per cent. In the
absence of transaction costs, all nominal prices will rise by A per cent.
Relative prices are the ratio of two nominal prices and therefore remain
unchanged. The real money supply, profits, and quantity allocations will be
as before.

Suppose instead there is a very small cost c to changing the nominal price,
a 'menu cost'. If the gain from changing price is less than c, prices will
remain at their initial levels. The gain from changing prices is dn/dpfKl
+ A)pi—p i]/p. The initial optimum was found by setting dnldpt equal to
zero, so for small A, d%ldpt is approximately zero. In other words, in the
neighbourhood of the optimum, the rate of change in the objective function
is second order small. Even though menu costs are first order small, the
potential gain from changing prices is smaller and each firm will leave prices
fixed. As a result, relative prices remain unchanged, but the real money
supply rises by A and aggregate demand increases. Further, if the level of
output was below first best, as is likely under imperfect competition, welfare
rises.

The key insight is not that transaction prices might lead to sticky prices,
but that very small transaction costs might lead to sticky prices. Imperfect
competition is essential here. The more elastic the demand faced by firms,
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the greater the profit loss from having prices a given distance away from the
optimum. Under perfect competition, demand is infinitely elastic and
transaction costs will never cause sticky prices.

Aggregate demand and multiple equilibria

One form of early (pre-New) Keynesian theory created a set of equations
with multiple equilibria as solutions and suggested that economic fluctua-
tions might be the economy's jumping from one equilibrium to another.
Obviously one wants a theory that says more than that a set of non-linear
equations has more than one solution. In particular, multiple solutions are
much more interesting when they can be ranked (by a weak Pareto
criterion, for example). One such theory is the 'sunspot' literature, in which
agents agree on some inherently irrelevant signal as a coordination device.
Elements of the New Keynesian literature give aggregate demand a central
role in coordination. It is natural to combine the question of coordination
with imperfect competition. Perfect competition may result in multiple
equilibria, but aggregate signals are irrelevant to atomistic perfect competi-
tors once they have conditioned on the price vector. In contrast, imperfect
competitors do care about quantities. The Diamond model discussed above
is one example where aggregate demand matters to individual agents so
that changes in expectations of aggregate demand can move the economy
from one equilibrium to another.

Kiyotaki (1988) presents a model of multiple expectational equilibria
centred around the investment sector. The production function exhibits
increasing returns to scale. The role of monopolistic competition is to
support an increasing returns to scale equilibrium. If firms are optimistic
about the future, they invest heavily now. The capital stock is large and
therefore output and demand are high, justifying the optimistic expec-
tations. If instead, expectations are pessimistic, a low level equilibrium is
reached.

Shleifer (1986) and Shleifer and Vishny (1988) present models which
specifically emphasize aggregate demand spillovers. In Shleifer (1986),
firms receive cost-reducing inventions at various times. However, they may
end up innovating, putting the inventions to work, in a coordinated
fashion. Innovation reveals the invention, which can be copied by other
firms after a lag. To extract the maximum rent from the invention, firms
wish to innovate during periods of temporarily high demand. Innovation
itself raises demand. Shleifer demonstrates how endogenous cycles can
result.7

In Shleifer and Vishny (1988), each industrial sector has a high fixed cost/
low marginal cost monopolist and a competitive fringe. If demand is low, it
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does not pay for the monopolist to operate. If demand is high, the
monopolist produces. Since the monopolist has a high marginal product,
aggregate output rises, calling forth monopolists in other sectors. Effec-
tively, positive feedback operates through a market structure in which
society shifts to a higher production possibility frontier during good times.

In a slightly simplified version of the model, each consumer spends
y = n + L on each commodity, where n is aggregate profits and L is
inelastically supplied labour. Fringe firms transmute one unit of labour into
one unit of output. The monopolist, if it operates, buys a cost-reducing
technology at cost F which allows it to produce a > 1 units of output per unit
of labour. The monopoly price is a scintilla under unity, capturing the entire
market. The monopolist operates if its profit, n = y —  y/<x —  F, is positive.
Suppose F is distributed according to H ( ) , which is uniform on [0,Hmax].
Let F* be the breakeven cost. Equilibrium is defined by two equations in
income; the first defines the breakeven point; the second gives aggregate
demand.

• y 1

p* = y (breakeven)

y= I y —  F\ dH( ) + L. (aggregate demand)

o

Together, the equations give the multiplier relation

dy _ 1
dZ~ 1 /a - IV '1 J

The multiplier is greater than 1, but decreases monotonically as the size of
the economy grows relative to costs of better technology (>>/Hmax). Note
that higher aggregate income is associated with more extensive imperfect
competition and moving closer to the first best. The high fixed cost/low
marginal cost technology assumed in this model does not permit compe-
tition to support an efficient equilibrium.

The illustrative model here demonstrates positive feedback and has a
unique equilibrium. The actual model in Shleifer and Vishny adds informa-
tional considerations to produce multiple equilibria.

Related work

The primary work on abstract New Keynesian theory is Cooper and John
(1988). The authors introduce the term 'strategic complementarity' to
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macroeconomics, emphasizing the importance of positive feedback, and
give examples using both game theory and imperfect competition. We
know that for a single individual facing a competitive market there is a sense
in which 'most' goods are substitutes rather than complements.8 The
authors argue that understanding complementarity is central to under-
standing the macroeconomy. Akerlof and Yellen (1985a, 1985b) serve as
underpinnings for the menu cost literature. In addition, the authors explain
why small deviations from perfectly competitive behaviour on the part of
individual agents can yield large and persisting deviations from the first best
at the aggregate level. While not yet greatly exploited in the literature, this
may provide a basis for a better understanding of inefficient business cycle
fluctuations without requiring enormous departures from the competitive
paradigm. Finally, while not a New Keynesian model per se, the work by
De Long, et al. (1990), on 'noise traders', presents a related model of
positive feedback in an efficient market.

Conclusions

The New Keynesian economics is too incomplete, and this is too incomplete
a review, to provide a final word on the literature. However, several
elements stand out. First, the New Keynesian economics is about the
strategic coordination of decision-making through aggregate demand. For
this, perfect competition is a non-starter. Second, New Keynesians search
for paths of positive feedback and strategic complementarity. Finally,
imperfect competition in general and monopolistic competition specifically
are endemic in New Keynesian economics. However, the literature is too
new for there to be any agreement on how they should be used.

Notes
This chapter originated as background material for Robin Marris' Reconstructing
Keynesian Economics with Imperfect Competition: A Desk-Top Simulation (1991).
This version was revised for the University of Warwick Macroeconomics Work-
shop (July 1993). I have benefited from discussion with Jean-Pascal Benassy, Russ
Cooper, Huw Dixon, and others, but the usual disclaimer of assignation of blame
applies most strongly. The chapter is intended to give a personal view of the ongoing
development of the 'New Keynesian economies'. The view is my own and I have not
attempted to paint a picture shared by the profession as a whole. Because some
important work is not discussed here, this is just not a valid literature review, but
assuming the reader understands the context, I will proceed without further
apology.
1. Not all New Keynesians believe economic agents are rational, but agents ought

to be modelled as if they were. As a matter of history of thought, optimizing



Imperfect competition and New Keynesian economics 77

models drive out non-optimizing models. To quote Gordon (1990), 'Any
attempt to build a model based on irrational behaviour or submaximizing
behaviour is viewed as cheating'.

To be more careful, both New Keynesian and new classical economists
sometimes consider carefully controlled departures from the economist's defini-
tion of 'rationality'. Both groups are interested in topics such as 'bounded
rationality' and 'adaptive learning' under uncertainty.

2. As a rule of thumb, the number of definitions of 'New Keynesian economics' is
approximately equal to the number of New Keynesian economists. (This rule of
thumb may sound circular, but is in fact resolved in general equilibrium.) The
term 'New Keynesian' seems to have become a marketing rubric for ideas in
opposition to the new classical school, rather than a single school centred around
what Keynes said. The benefit of this is broad inclusion. The cost is that we
muddy the history of thought.

3. Gordon (1990) tells us: 'The task of new-Keynesian economics is to explain why
changes in the aggregate price level are sticky...' I emphasize here real, as well as
nominal, models. If polled, I suspect the majority of macroeconomists would
pick Gordon's definition.

4. Remember that there were no profits in figure 3.1, so the analysis ended here.
5. The inflation rate is a relative price. But the serious disputes between classicals

and Keynesians lie in the failure of neutrality, not super-neutrality.
6. Assume the function to obey any necessary regularity conditions, in particular,

to be differentiable in both its arguments. This is a substantive assumption, not
just one of convenience. Perfect competitors face infinitely elastic demand and
therefore their profit functions are not differentiable in their own-price.

7. Interestingly, stabilization policy can be harmful in such a model. If there are
fixed costs of innovation, smoothing the business cycle may eliminate the
temporary rents needed to draw forth innovation.

8. Note also that proofs about the uniqueness of Arrow-Debreu equilibria pass
through much more easily if all goods are gross substitutes.
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4 Optimal labour contracts and
imperfect competition: a framework
for analysis

Russell Cooper

Introduction

This chapter investigates the importance of labour market relations to the
macroeconomic inefficiencies associated with imperfectly competitive pro-
duct markets. Hart (1982) argues that models of imperfect competition are
capable of generating macroeconomic results such as an underemployment
equilibrium, multiplier effects and so forth.1 Related results on coordina-
tion failures, i.e. the existence of Pareto ordered Nash equilibria, for this
class of models are reported by Heller (1986), Kiyotaki (1988), Roberts
(1987, 1988) and Cooper (1987).2

Some, but not all, of the studies on the macroeconomic implications of
imperfectly competitive product markets appear to rest on employment
relations between firms and workers which are privately suboptimal. For
example, Hart (1982) stresses the importance of market power by the
suppliers of labour in his study of imperfectly competitive economies.3 The
'contracts' between workers and firms in Hart's model are not privately
optimal in that the allocation does not lie on a contract curve between the
contractants.

Another example of this point arises in Weitzman's (1983, 1985) studies
advocating share contracts. Weitzman supposes that a 'wage system', in
which the wage is predetermined and employment is demand determined,
exists for the trading of labour services. He then contrasts the welfare
properties of this system with alternative compensation schemes assuming
that product markets are imperfectly competitive. Cooper (1988a) shows
that an imperfectly competitive economy with this structure of labour
contracts will generate underemployment equilibria and multiplier effects
using a model similar to that of Hart (1982). That contracts such as these
produce socially suboptimal behaviour is not surprising since these con-
tracts are generally not even privately optimal. Hence, an important aspect
of Weitzman's argument for the introduction of a share system appears to
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rest on the assumption that agents trade labour services in a privately
suboptimal fashion.

An important issue in this line of research is thus the role of labour
markets in coordinating the activities of firms in the product market. If
there is an underemployment equilibrium, why are there no forces operat-
ing in the labour markets to remedy the situation? Are the inefficiencies and
other Keynesian features reported in these studies merely a consequence of
some form of suboptimal labour arrangement which limits the coordina-
tion of activities? To the extent that the implications of imperfect compe-
tition reported are a consequence of the assumed contractual structure,
imperfectly competitive product markets seem less important. As a conse-
quence, this approach is subject to the criticism that the 'Keynesian
features' are simply a product of an arbitrary contracting structure.

There are two approaches to addressing this concern. First, one might
argue that these contracts are empirically relevant. Second, one can study a
model with imperfectly competitive product markets and privately optimal
labour contracts. This chapter takes the second approach by introducing
privately optimal labour contracts into a simple general equilibrium model
of imperfect competition. The results indicate that economies with imper-
fectly competitive product markets can experience underemployment
equilibria even in the presence of optimal labour contracts. In contrast to
Hart (1982), this underemployment reflects the product market power of
the firm-union coalition and not the bargaining power of the union in its
relationship with the firm. The framework can then be used to study the
comparative static properties of these models, as well as their policy
implications.

Overview of the model

Before delving into the details of the model, it is useful to begin with an
informal overview of the basic approach to this problem. The model has
two key components. First is the design of a labour contract between a
group of workers and a firm. Second is the interaction of this coalition of
workers and a firm with other such coalitions in the determination of a
product market equilibrium.

Figure 4.1 displays the interactions between a single firm, the group of
workers it contracts with and the product market in which it sells. Labour
contracts are negotiated prior to the determination of the state of the
economy so that the maximal gains to risk sharing are possible. The state is
fully described by the level of endowment of a non-produced good,
preferences and technology.
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Figure 4.1 Interactions between the firm, its workers and its product market

Assume that both the firm and the workers costlessly observe the state so
that contingent compensation and employment rules are feasible. Note that
the contractants negotiate both compensation and employment rules
rather than granting the firm the latitude to select employment expost given
wages. This is in keeping with the literature on optimal labour contracts.4
Any inefficiencies in the equilibrium allocations will not be the consequence
of direct restrictions on the contracts. Following the specification of the
labour contracts, the random endowments, preferences and technology of
the agents in the economy are determined and the product markets open.

The economy is composed of a number of sectors producing different
products. Demands in the economy are structured to highlight the specifi-
city of production relative to consumption. In particular, workers and firms
are assumed to consume all products in the economy except for the output
they produce. This structure of demands is common to models of coordina-
tion failures and imperfect competition.5

In each sector, there are a small number of firms who act as oligopolists.
The output of these firms is determined, on a state-contingent basis, in their
labour contract. In designing this contract, the workers and the firm
recognize the market power of their coalition in the product markets. In
equilibrium, there is no incentive for a given worker-firm pair to change
output given the actions of other worker-firm coalitions.

The model of imperfect competition explored here has as a key feature
the underutilization of labour resources. As a consequence, increases in
demand can be met by expanding output without the need to induce
workers to supply more labour by increasing real wages.6 In addition,
wages do not decentralize employment decisions due to the presence of
optimal labour contracts and prices do not decentralize product market
behaviour because of imperfect competition. Evidence that wages and
prices fluctuate little relative to quantities is consistent with this class of
models.
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Structure of the economy and a characterization of equilibrium

Consider an economy composed of S sectors indexed by s = 1,2,..., S. In
each sector there are F identical firms producing a homogeneous product.
Firms in each of the S sectors produce a distinct commodity so that there
are S produced goods in the economy. There are TV workers per firm in each
sector who provide labour services to their respective firms. This allocation
of workers to firms is not really a restriction given the symmetry in the
model. For simplicity we will often term a group of N workers, a union, and
view contracts as negotiated between a union and a firm.

There is a non-produced good in the economy which is the endowment of
the outsiders.1 These outsiders trade their endowments for the goods
produced in each of the S sectors.

Preferences

In models of this genre, identical homothetic preferences are often used to
avoid aggregation problems and distribution effects. These preferences
imply that demand curves are linear in income which eases the characteriza-
tion of the Nash equilibrium in the product markets. We take a step further
and assume that all workers and firms have Cobb-Douglas preferences
over the commodities they consume. This yields a closed form characteriza-
tion of the equilibrium which is useful for expositional purposes and
tractability.8 As noted above, agents do not consume the commodity they
are active in producing. Hence, workers and firms in sector s consume the
goods produced in the other sectors and the non-produced good. Relaxing
this assumption would lead firms to recognize that output expansions
would influence the position of their demand curves so that the underem-
ployment effects would be weakened.

Workers in sector s have preferences given by

U(c.s,m,n)=U(nk^s(ckrm^-m) (1)
where n equals one if the worker is employed and zero if the worker is
unemployed and ck denotes consumption of the good produced in sector k.
The consumption of the non-produced good is denoted by m. The disutility
of work equals r where 0 < r < l . Assume that (S— l)a + /?= 1, so that
preferences are homothetic and that t / ( ) is strictly increasing and strictly
concave so that workers are risk-averse. The demands generated by these
preferences are

ct = {otlPi)Yfor zVs and m = PY (2)

where Fis the worker's income.
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Firms (i.e. a technology which is wholly owned by an agent in this
economy) in sector s spend the proceeds from their production activities on
commodities other than their output and the non-produced good. Firms'
(shareholders') preferences are given by

V(c_s,m)=V(nk^s(ckrmp) (3)

where V{) is increasing and concave. Since firms and workers in the same
sector have identical ordinal preferences, firms' demands are given by (2)
with income equal to the profit level per firm, n. Firms' attitudes towards
risk are characterized by V{).

The outsiders split their demands evenly across the S sectors and
consume the non-produced good as well. Their preferences are Cobb-
Douglas with demands given by

ck= (*//>*Wf°r k= 1,2,...,5 and m= (1 -Sx)M (4)

where M is the aggregate endowment of the outsiders.

Technology

The presence of imperfect competition in product markets derives from
some element in the industry which prevents the free entry and exit of firms.
These barriers to entry are certainly important in understanding the long-
run behaviour of a particular industry. Here, the model is very short-run in
nature so that these barriers will not be explicitly introduced into the
analysis. That is, we will simply assume that there are Ffirms per sector and
not model the source of this market power. An extension of this framework
to study dynamics of entry and exit is provided in Chatterjee and Cooper
(1989).

The technology will simply be a proportional relationship between
output and labour input with one unit of labour producing 0 units of
output. Variations in (9, i.e. productivity shocks at the sectoral or aggregate
level, can then be studied.

Assume that work sharing is not feasible so that workers are either
employed or unemployed. This may reflect features of technology which
make hours and people imperfect substitutes. This structure is imposed so
that the model will generate employment fluctuations rather than varia-
tions in hours, and allows us to investigate the role of unemployment
insurance. See the related discussion in Hansen (1985).

Optimal labour contracts

We focus on the contracting problem between an arbitrary firm/of sector s
and a group of N workers who form a union. The structure of unions and



86 Russell Cooper

the size of their membership is taken as exogenous for this exercise. Since
the economy is symmetric, we focus on symmetric Nash equilibria. The
contract devised for this firm and group of workers will therefore be
optimal for all other union-firm pairs in a symmetric equilibrium.

The exogenous variables, which are unknown to workers and firms when
contracts are negotiated, include: the endowments of the outsiders, (M),
the preferences of the outsiders, (T), the preferences of the workers and
firms, (a, jS), and technology, (6). Denote by F the vector of these para-
meters describing the state of the economy. In addition to the variables
included in T, payoffs to the worker-firm coalition depend on the ex post
quantity decisions of other coalitions in the economy. These variables are
conjectured, on a state-by-state basis, by the contractants when negotiating
a contract ex ante. In equilibrium, these conjectures are correct. So a labour
contract will be written contingent on the realization of the random
variables in the economy, given conjectures about the ex post quantity
decisions of other coalitions in the economy. All expectations used in
describing the contracting problem will be relative to the distribution of F9
which is common knowledge.

The optimal contract between firm/of sector s and that firm's N workers
is characterized by three schedules: we(T), w"(T), and L(F). The first
schedule is the state-contingent wage paid to employed workers, the second
is the state-contingent level of severance pay and the third is the employ-
ment rule contingent on F as well. To simplify notation, denote a contract
by S and eliminate the superscripts and subscripts. The union-firm choose 3
to maximize

E{V(zn) + a[(L/N)U(zwe - r)+ (N~ L/N)U(zwu)]} (5)

subj to: L(F)<N and

we,wu,L non-negative for all F.

In the objective function, a represents the bargaining weight attached to
workers' expected utility. The ratio LIN is the probability that a given
worker is employed if L workers are employed under the optimal contract
in some state. The firm's utility function depends on the product of the
firm's profit n and a variable z (which is defined below and also appears in
the workers' payoffs). The profit level is

n = R{L,F)~ weL -wu(N- L). (6)

The function R(L, F) is the firm's revenue if it employs L workers in state F.
The variable z appears in the payoffs of both the firm and the workers and

is a price deflator for the market basket of goods generated by the Cobb-
Douglas preferences. For later reference,
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(*ipky. (7)
Assuming for the moment that the constraint on the employment level

not exceeding N does not bind, the first order conditions for the problem
can be summarized by

U'(wez-r)a/N= U'(wuz)a/N= V'(zn) and (8)
RL(L,F) = r/z for MF (9)

where RL is the derivative of R(L,F) with respect to L?
(8) implies that risks are shared efficiently between the firm and its

workers. Because of the strict concavity of U( •), (8) implies that workers are
indifferent between the states of employment and unemployment, i.e. the
level of severance pay compensates the unemployed worker for the lost
wage income less the utility of leisure (r). As a consequence, workers'
welfare is independent of employment status. Note though that as long as
the firm is not risk-neutral, the utility level of workers will depend on the
level of economic activity in the economy.

(9) represents the employment rule in the optimal contract. Since workers
are indifferent between employment and unemployment, the only cost to
the firm of employing an additional worker is the value of that worker's
leisure in terms of the consumer basket, r/z. The gain to employing another
worker is the marginal revenue gained from selling an extra unit of output.
If the constraint that L < N binds, then employment is set at N and (9) does
not hold with equality.

The important element about (9) is that once F is determined, this
expression determines the firm's action in the ex post product market game.
The union and the firm act as a coalition in this product market game with
their strategy determined in the ex ante labour contract. In contrast to Hart
(1982), the employment decision reflects the joint market power of the
union-firm coalition in product markets and not the labour market power
of the union per se. That is, the employment rule is independent of a. There
are no pressures to force the economy to full employment: the optimal
contract allows some workers to remain unemployed as a means of
obtaining the largest surplus possible given the market power of the firm.

Of course, the level of wages does depend on o as this parameter
determines how the surplus from the market game will be shared. This
separation of employment and compensation arises from the structure of
preferences (i.e. no income effects) for the contractants.10 The decisions of
the union-firm in the product market game are thus equivalent to that of a
firm facing a marginal cost of labour (in terms of the numeraire) of r/z.

(8) and (9) completely specify the employment, wage and severance pay
schedules in an optimal contract between firm / in sector s and its N
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workers. Recall that we have omitted any notation regarding the identity of
this firm or its sector of operation. Given the symmetry of the problem, the
conditions describing this optimal contract also characterize that for other
union-firm pairs in other sectors. The only change that is necessary is to
define z to correspond to the sector of interest. Given this optimal contract,
we are able to compute the Nash equilibrium in the product market.

Goods market equilibrium

To complete our characterization of an equilibrium, we need to model the
interaction of firms in product markets, ex post. We will concentrate on
symmetric Nash equilibria for this economy. The labour contracts nego-
tiated ex ante with their unions, specify an employment rule for a firm
contingent on the realization of random variables in the economy. The
interactions of these employment rules will then determine the equilibrium.
The revenues earned by firm / o f sector s are:

R(Lir)=psq{=(EJQs)q{ (10)

where q{= L{6 for a l l / and Qs is the total output in sector s.
The Cobb-Douglas preferences imply that each commodity has a

constant budget share for each of the consuming agents in this economy.
Hence, the price in sector s is simply the total expenditure in that sector, Es,
divided by the total output in sector s, Qs.

Denote by qs the level of output for each firm in sector s if they are all
producing at the same level. Since the expenditure on sector s is indepen-
dent of qs, we can solve for the symmetric partial equilibrium in sector s by
finding that level of output per firm in that sector which is a best response to
the output levels chosen by the other firms in that sector given the level of
expenditure on that sector. To do so, use (10) to solve (9) yielding

rlzs (11)

where r\ is defined as (l —  l/F). Note that (11) holds only when the
constraint that L<Nis not binding.11 The variable rj will serve as a useful
measure of the market power of firms in the economy. As F-> oo, rj-> 1 while
rj-*O as the industry approaches monopoly. Recall that the sectors are
symmetric so that rj is not indexed by the sector. Using (11), the price in
sector s is simply

ps = r/(rjdzs). (12)

It is important to note that z depends on prices in other sectors as well as
parameters of preferences so that, in (11) and (12), we index it by s.

To characterize the symmetric Nash equilibrium for this economy, note
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that (11) and (12) hold for all s. Since zs depends on the prices in other
sectors, we can solve for the output price, common to all sectors, using (7).
This will be

p=(rMe)l/fi/^l-^p (13)

where 6 is a productivity shock (assumed for now to be) common across
firms and sectors. Note that prices can be determined independent of
output levels as long as L<N. This is a feature of homothetic preferences
and constant marginal costs. This implies that variations in the endow-
ments of outsiders will cause output but not prices to change.

To determine the output level of an arbitrary firm in sector s (given that
all firms are producing the same level of output in the partial Nash
equilibrium), we need to specify the level of expenditure on sector s. Using
the Cobb-Douglas preferences, this is given by

E^aFZ^sP^ + xM. (14)

Again note that the summation here is over sectors other than s. Using (12),
in a symmetric Nash equilibrium, (14) can be rewritten as

E=Fp[*Zk*Ak + x*M] (15)

where <P=\/Fp = Orjz/Fr.
This expression implies that the total expenditure on sector s depends on

the level of economic activity in all the other sectors and is proportional to
the endowment of the outsiders. This is similar to a simple model of income
determination in which there are autonomous expenditures and an expen-
diture term which depends on the level of economic activity.

Inserting (15) into (11) implies

qs = aZk^sqk + T&M= aZk^sqk + xMIFp. (16)

So the per firm level of output in sector s is a linear function of the aggregate
level of activity in other sectors and the per firm endowments of the
outsiders (in terms of the produced commodity). For S large enough (so
that each sector is small), (16) implies that the level of output per firm in
sector s is a linear function of the aggregate output level in the economy.

Figure 4.2 displays a 'reaction curve' for sector s for a given level of
activity in other sectors. Note that this is not literally a 'reaction curve' for a
particular firm but rather an expression for the sector-specific Nash
equilibrium output level for given output levels of other firms. The intercept
of this 'reaction curve' is the sector-specific level of autonomous
expenditures.

As the output levels in other sectors increase, all of the firms in sector s
will expand as well. So even though the firms in a given sector are producing
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A = xMIFp

Sector s 'reaction curve*

Slope = a < 1

Figure 4.2 A reaction curve for sector s

perfect substitutes, positive interactions (strategic complementarities) are
present between firms across sectors in a symmetric Nash equilibrium.

Since (16) holds for all s, we can use it to compute the output level per firm
in each sector in a symmetric Nash equilibrium. This output level is given by

zM/Fp
\-(S-\)a~ (17)

where A is the level of autonomous expenditure on the produced good.
Recall that /? is the budget share of the numeraire good and represents the
share of income that leaks out of the income stream connecting the firms in
the economy.

To guarantee that this level of output is feasible, we need to check that
q<N0 since each firm had available only N workers. This inequality is
satisfied as long as M is not too large and p not too small. We will use (17) as
an equation for the equilibrium level of output even though it contains the
price in it. From (13), we know that the equilibrium price level is
independent of output.

When the level of output given in (17) exceeds ON, then the economy is at
full employment and the expressions derived in this section will not apply.
Each firm will then simply employ all TV workers and prices in each sector
will adjust so that markets clear at full employment.

Finally, and perhaps most importantly, note that the equilibrium levels
of output, employment and prices are actually independent of a number of
labour market variables in this economy: the number of workers N and the
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bargaining weight a. This independence of the equilibrium of the number of
workers is also a property of many efficiency wage models (see, for example
Weiss, 1980 and Yellen, 1984). If the level of per firm output satisfying (17)
is less than N, we have an underemployment equilibrium. Furthermore,
increasing the number of workers in this economy (assuming that they all
join a union) will only increase the unemployment rate and will not alter the
form of the optimal contract between the union and the firm. Again, the
optimal contract specifies employment to obtain the maximal amount of
payoffs for the coalition of workers and the firm, and this decision rule is
independent of the number of workers N and the bargaining weight. This
economy therefore has the property that there are no forces at work to
reduce the rate of unemployment since the agents in the economy have no
incentive to employ the excess labour force.

Overall, the equilibrium for this economy is quite similar to that
described by Hart and others, although here the labour relations are the
consequence of a privately optimal contract. Hart (1982) provides a
discussion of multiplier effects and the presence of a balanced budget
multiplier for his economy. Those types of comparative static results can be
obtained for this economy as well.12 (17) can be used directly to evaluate the
effects of variations in M as long as the economy operates in an underem-
ployment region. (13) and (17) can be used to evaluate the effects of changes
in aggregate productivity.13 Moreover, though this economy had a unique
equilibrium, it is possible to construct economies with multiple equilibria,
along the lines of Heller (1986) and/or Kiyotaki (1988), in which labour
services are traded with labour contracts. We thus see that the main
conclusions of the previous work on the implications of imperfect compe-
tition are robust to the introduction of privately optimal labour contracts.

Conclusions

The goal of this chapter has been to provide a framework of analysis for
coordination failures in imperfectly competitive economies. In contrast to
other studies this area, this chapter includes a representation of labour
markets through a contracting framework. This approach provides some
perspective on the manner in which adjustments in the labour market
influence the operation of product markets. To the extent that labour
contracts bind workers and firms into a coalition that seeks to gain its share
of surplus, there are no forces at work in labour markets to move the
economy towards an efficient outcome. The model can then be used in a
straightforward manner to derive some comparative static properties of
imperfectly competitive economies and to conduct some policy
experiments.
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This framework is intended as a basis for other research on the
implications of macroeconomic imperfect competition.14 One can amend
the model to study a number of dynamic issues such as the role of entry and
exit. Further, the contracting problem can be made more interesting by
introducing asymmetric information, and the aggregate implications of this
distortion can be investigated.15 Finally, the framework may be useful in
studying the interaction between the organization of labour relations (for
example, the nature and extent of unionization) and aggregate behaviour.
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1. Related results on multipliers in similar models are reported by Startz (1989)
and Mankiw (1988). The term 'underemployment equilibrium' refers to the
possibility that labour may not be fully employed in equilibrium. This is not
necessarily an inefficient outcome as it could arise in an Arrow-Debreu
economy as well. However, underemployment equilibria are more likely to
arise in models with imperfect competition.

2. Cooper and John (1988) discusses the relation of these results to other
coordination models associated with trading externalities (Diamond, 1982 and
Howitt, 1985) and production externalities (Bryant, 1983).

3. Hart (1982) notes that these results are also dependent on the inelastic labour
supply of workers. Dixon (1987, 1988) adopts a similar model of union
behaviour.

4. For a review of that literature, see Cooper (1987) and Rosen (1986).
5. See, for example, Cooper and John (1988) and Heller (1986).
6. This implication of imperfect competition is exploited by Hall (1987) and

Cooper and Haltiwanger (1990) as well.
7. In dynamic models of imperfect competition, this outside good is often treated

as fiat money. See, for example, Chatterjee and Cooper (1989).
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8. An earlier version of this chapter described the implications of relaxing these
strong assumptions.

9. These conditions are obtained by differentiating (5) on a state-by-state basis
since there are no terms involving the rate of change in the state F.

10. If there were income effects and employment was not {0,1}, then market power
would influence the level of employment through the disutility of work. In this
case, the results would be quite sensitive to the specification of preferences. In
addition, this specification implies that workers are indifferent between being
employed and unemployed.

11. When L = N, the economy is at full employment and prices must vary to clear
markets.

12. See Cooper (1986) for a characterization of these comparative statics.
13. Sector-specific productivity shocks can be shown to lead to economy wide

fluctuations through changes in relative prices, see Cooper (1986).
14. Cooper (1986) spells out these applications in more detail.
15. See Kahn and Mookerjee (1988) for work in this direction.



5 Market power, coordination failures
and endogenous fluctuations
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Introduction

Imperfect competition has become one of the main ingredients of the
so-called 'New Keynesian economics'.1 Much recent work has emphasized
Keynesian features of imperfectly competitive macroeconomic models,2
belonging either to the Cournotian tradition, as in Hart (1982), or to one of
the monopolistic competition brands, corresponding to the Chamberlinian
framework of Dixit and Stiglitz (1977) (Weitzman, 1985; Blanchard and
Kiyotaki, 1987), or to Hotelling's spatial model (Weitzman, 1982). A
somewhat paradoxical aspect of part of this literature is that it actually
appears quite unkeynesian, not so much because Keynes himself paid little
attention to imperfect competition, but essentially because some of its
results, concerning in particular unemployment or the response to aggre-
gate demand shocks, depend either on union power,3 or on small adjust-
ment costs ('menu costs')4 and 'nearly rational' behaviour of price-setting
agents,5 and thus in a sense come back to 'classical' explanations, in terms of
wage and price rigidities or frictional phenomena.

We do not want to deny the relevance of such explanations. We propose
to explore in this chapter only some consequences of firms' monopoly
power, in a context of full rationality, complete price flexibility, without
adjustment costs and in the absence of exogenous shocks. Since we conform
to the Keynesian priority given to the product market relatively to the
labour market, and since it is the output market power that we want to
emphasize, we shall (unrealistically) assume perfect competition in a
homogeneous labour market. And, as an attempt to unify the theoretical
framework, facilitating comparisons, we shall use a model of 'Cournotian
monopolistic competition',6 which generalizes and extends both the Cour-
notian and the Chamberlinian approaches to imperfect competition. The
model involves several goods, each produced by several firms, and includes
pure Cournot oligopoly and pure monopolistic competition as particular
cases. When making a decision, the producer of a good is supposed to take
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as given the total quantity of that good produced by other firms and the
prices of the other goods, while knowing the 'objective' demand, that is,
acting on the basis of rational conjectures about consumers' behaviour.

The model further extends early imperfectly competitive models by
assuming overlapping generations of consumers. This is of course a
convenient step towards the dynamic analysis of intertemporal equilibria,
involving in particular the study of the conditions in which endogenous
fluctuations occur. Besides, coexistence of two generations of young and
old consumers allows us to incorporate not only individual income and
substitution effects on the demand elasticity, and hence on the firms' market
power (and the case where the former dominates the latter, the complemen-
tarity case, will turn out to be interesting), but also redistributional effects,
between the young and the old. Such effects may account for a significant
variability of such market power, induced by changes in demand elasticity
as the output price varies.

It is this variability, more than the existence of a strong market power in
itself, that drives interesting effects.7 Indeed, alone or in conjunction with
decreasing marginal cost8 (compatible with equilibrium because of imper-
fect competition), mark-up variability may be responsible for a reversal of
the slope of the adequately defined 'oligopolistic labour demand' curve.
This reversal, by having that curve cut the labour supply curve more than
once, can naturally lead to a multiplicity of temporary equilibria in this
model where, on the contrary, a unique equilibrium would have resulted
from non-increasing returns together with weak mark-up variability (as
under nearly competitive conditions or under substitutability). Multiple
temporary equilibria, corresponding to different employment levels, may
even be Pareto-ranked, giving rise to a situation of 'coordination failure'9
which cannot occur under perfect competition (as we well know from the
First Fundamental Theorem of Welfare Economics).

The same factors, increasing returns and variability of market power,
that account for a multiplicity of temporary equilibria, also favour,
through their influence on the form and movements of the oligopolistic
labour demand curve, emergence of endogenous fluctuations. Given
enough complementarity, such fluctuations can occur in a perfectly compe-
titive world.10 But we will show that if, in an extreme form of market power
variability, marginal revenue becomes negative11 when prices are not
expected to change much in the next period (a condition which excludes the
existence of a stationary equilibrium), and if returns are increasing (a
condition that further excludes in our model the existence of a monotonic
equilibrium), then all equilibria are characterized by persistent endogenous
fluctuations in prices and output.

The chapter is organized as follows. In the second section we describe the
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model of Cournotian monopolistic competition and define the equilibrium
concepts that we will use. The third section exhibits a multiplicity of Pareto
ranked (temporary or stationary) equilibria, under increasing returns or
under significantly variable market power. More complex intertemporal
equilibria, generating endogenous fluctuations, are analysed in the fourth
section. We then conclude.

The model

We use an overlapping-generations model in discrete time. In each period
r = 0,1,2,..., there are ra + 2 commodities: m produced goods (ra>2),
labour and money, which is both the unit of account and the only storable
good. The economy is endowed with a constant stock of money M.

We consider two types of agents: consumers and firms. Each consumer
lives for two periods, works and earns income when young, but consumes
the produced goods both when old and when young. At each period and for
every good k= l,...,m, there are n firms producing good k. The labour
market is assumed competitive. However, in the produced good markets we
assume Cournotian monopolistic competition, in the sense that each pro-
ducer of good k maximizes his profit, facing the 'true' demand for good k,
net of the total quantity produced by the others and given the prices of the
other produced goods.12 In this section we shall first derive the demand
functions from consumers' behaviour, then present the firm's problem and
introduce both a temporary and an intertemporal concept of Cournotian
monopolistic competition equilibrium. Finally we compare our model to
others in the literature.

Consumers' behaviour and demand functions

In each period t= — 1,0,1,..., a continuum of consumers of mass L is born.
Each individual lives for two periods and receives, while young, an income
(profit or wage). Preferences of young consumers, identical for all indivi-
duals, are homothetic and separable, represented by the function

U[u(c)M£)]~vl, (1)
where c e &™ and c e &™ denote respectively present and future consump-
tion baskets, /e{0,l} is an (indivisible) labour supply and v is the (non-
negative) disutility of work. The function U is twice-differentiable, strongly
quasi-concave, increasing, homogeneous of degree one, and such that the
indifference curves do not cut the axes. The function u is a symmetric CES
function. We assume that the preferences of old consumers are represented
by this same function u.
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Consumers know and take as given the current prices/? e 0tm+ + and, when
young and hence in the labour market, the current wage w e ^ + . Also,
young consumers are assumed to have identical rigid point expectations
about future prices p e $"l +.

Separability of preferences entails the following convenient procedure
for utility maximization of the young consumer:

1. Optimal consumption baskets are first chosen for each period,
assuming given expenditure levels. Let

( \s/(s-\)

-lctl)/s) = C9 (2)
mk=\ )where se$+ + \{\} is the elasticity of intersectoral substitution.13 Notice

that the CES function u can be seen as defining an index for total
consumption C, since the expression for C/m in (2) is just a mean of the
quantities in the consumption basket. If the mean price is defined by the
formula

( 1 m \ 1/(1-5)

»1Hthen c£, the A:th element of the optimal consumption basket for an
expenditure x in the first period of consumer's life, can be expressed as

so that YjPkct^PC = x' Clearly, similar expressions hold for the optimal
k

consumption of an old consumer as well as for c£ the future consumption of
a young consumer (as a function of the future price/^ and the future mean
price P).

2. An optimal intertemporal consumption decision is then taken, given a
total income /. By homogeneity of the function U, we get

C* = h(P/P)i/P and C* = [1 - (P/P)h(P/P)]i/P, (5)

where h is a twice-differentiable, decreasing function. We shall hence-
forward denote:

6 = P/P the real interest factor, and
a(0) = 6h(6) the propensity to consume.

Notice that O<a(0)< 1, since the indifference curves of U do not cut the
axes. The optimal intertemporal consumption structure
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C* h(d) OL(0)

C* 1-0A(0) 0 l -
(6)

is a twice-differentiable, decreasing function of the real interest factor. We
shall denote:

a(6)= -H'(9)6/H(6) the elasticity of intertemporal substitution.
A simple calculation shows that a(6) = 1 - (a'(0)0)/(a(0)[l - a(0)]), so that
a is increasing (resp. decreasing) in the case of intertemporal complemen-
tarity, i.e. if G< 1 (resp. substitutability, i.e. if a> 1). The utility derived
from optimal consumption

U(C*9 C*) = tf (a(0), 0[1 - a(0)])i/P= U*(0)i/P (?)
is linear in the real income i/P and increasing in the real interest factor 6.
Indeed, using the first order condition U\ = U'2O, and Euler's identity
U= U\*+ U'2e(\ - a ) , we have:

U*'g= (U[- U'28)(x'e+ Uf
26(\-(x)=U*(l-(x)>0. (8)

3. Finally, the consumer chooses to work (resp. not to work) if U* (6)w/P
- v > 0 (resp. < 0). Indifference prevails in the case of an equality. Thus,

is the real reservation wage, equal to the ratio of labour disutility to utility
of optimal consumption.

Since demand is the same linear function of income for all young
consumers, income distribution is immaterial (notice that we do not assume
that shares of firms are uniformly distributed), so that aggregate demand
by the young is a linear function of aggregate income /. In the same way, the
distribution of cash balances among the old is also immaterial, and their
aggregate demand is a linear function of the money stock M. More
precisely, first notice that the aggregate expenditure Xis given by the sum of
the money stock, which is completely spent by the old, and of the aggregate
income multiplied by the propensity to consume, corresponding to what the
young spend:

X=a(PIP)I+M. (10)
Thus, as / = Z i n equilibrium, we obtain the following expression for the
aggregate demand:
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which is the familiar product of the Keynesian multiplier and the auton-
omous demand. Since demand has the same structure for all consumers,
whether young or old, given by (4), we then get the sectoral demand for
good k:

p^) = -iP-i\ SD(P9P). (12)

By symmetry, the function d is the same for all produced goods, so that an
index k is not required.

If we now refer to the elasticity of aggregate demand D(,P):

dD P

and using:
d^p,
dpkP' m\Py

we can easily compute the elasticity of sectoral demand for good k:
d

Hence, the sectoral demand elasticity S appears as a weighted average of the
elasticity of intersectoral substitution s and of the aggregate demand
elasticity A, itself a weighted average of the elasticity of intertemporal
substitution a and of unity (corresponding to the spending behaviour of the
young and the old, respectively). It is necessarily positive.

Producers' behaviour

Every good k = 1,..., m is produced by the same number n of firms (n > 1),
with identical increasing, but not necessarily convex, isoelastic cost func-
tions: y^ (with /? > 0), giving the labour quantity required by output y.

Each producer/ of good k takes as given the wage w in the labour market,
while acting as a Cournot oligopolist in the market for the produced good k,
on the basis of the 'true' residual demand for his output, contingent on the
supply of the other firms in the same sector:

d{Pk,P(Pk,p_klP)- Yk_p with Yij^Zvtf.
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We assume that producer j knows the common mean price expectation P,
and conjectures (correctly at equilibrium) the vector p_k of other commod-
ity prices and the output Y_j of good k produced by the other firms. These
conjectures are essential for our notion of Cournotian monopolistic
competition. The function d(.,P(.9p_k),P) being strictly decreasing inpk,
we may introduce the inverse demand function xj/ for the output of firm j ,
which is:

_k)J)- Yk_j. (16)
Then, for any given Y,p, P and w, the typical 'producer's problem' is the

following profit maximization problem:

max 7r(x) = max *A(.y + Y,p,P)y — wyp (17)

(for simplicity of notation, we omit the indices y and k). An optimal positive
output y must satisfy the first order condition (with ij/(y) standing for

which is the familiar equality of marginal revenue and marginal cost. It
must also entail a non-negative profit: ij/(y)y>wyp (otherwise it would be
dominated by a zero output), so that (using (18)):

Lemma 1 and Lemma 2 in the appendix introduce restrictions (on the
function E and on the elasticity 8 of sectoral demand, respectively), ensuring
that the ratio of marginal revenue to marginal cost is decreasing whenever
condition (19) is verified and the marginal revenue is non-negative. Then
conditions (18) and (19) are sufficient for a global maximum of the profit
function (unique in the positive domain), although that function may fail to
be quasi-concave. Based on these lemmata, the following propositions give
simple assumptions on s and a implying that the first order condition
together with the non-negative profit condition are necessary and sufficient
for profit maximization at a positive level of output. We stick to two typical
cases: overall (both intertemporal and intersectoral) complementarity and
overall substitutability.

Proposition 1 (complementarity): Assume intersectoral comple-
mentarity: s< 1. Also, assume that the elasticity of intertemporal substitu-
tion a satisfies, for any 6e$+ +,
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(T(6)< 1 and °^> ~ [1 ~(7(9)] (20)
a(U)

or, equivalently, that the intertemporal expenditure structure 6H(6) is an
increasing and concave function of 6. Then, the first order and non-negative
value condition:

wherep = \j/(y+ Y,p,P)as defined in (16), is necessary and sufficient for y to
be the unique positive solution to the producer's problem (17).

Proof: See appendix.

Proposition 2 (substitutability): Assume intersectoral substitut-
ability: s > 1. Also, assume that the elasticity of intertemporal substitution a
satisfies, for any 6 e 01+ +,

I <(j(6)<min{s,l + p} and a'(6)>0. (22)

Then, the first order and non-negative value condition (21) is necessary and
sufficient for y to be the unique positive solution to the producer's problem
(17) ( Y>0 and hence n> 1, is required in condition (21) if 5= 1).

Proof: See appendix.

Temporary and intertemporal Cournotian monopolistic competition
equilibria

Two concepts of equilibrium are successively considered: temporary and
intertemporal equilibrium. Temporary equilibrium imposes compatibility
of optimal consumers' and producers' decisions in the particular period
which is considered, but price expectations remain exogenous and are
arbitrarily given:

Definition 1 (temporary equilibrium): A temporary equilibrium
associated with the expected mean price P is a vector with components
y*j>0 (the outputs chosen by each firm j=l,...,n in each sector k
= l , . . . ,m), p*>0 (the product prices, with k= l , . . . ,m), and w*>0 (the
wage), such that:

1. for any firm j in any sector k,

max ifr (y + Ya y*i>P^/o P) y ~ w*y^
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with the sectoral inverse demand function \\i as defined in (16),
2. for any sector k, £ y%= di<P* p*> ?)> w i t h P* = p(P*>P-k)>

j
3- Z Z y*f = L and w*/P> v/U*(P*/P) (full employment) or

f and w*/P= v/U*(P*/P) (underemployment).

Conditions 1 and 2 characterize a Cournotian monopolistic competition
equilibrium in the product markets: every producer maximizes his profit,
knowing the 'true' consumers' demand function and their expectation of
the mean price in the next period, acting as a Cournot oligopolist in his own
market, and taking as given the wage and the other products prices.
Condition 3 defines the competitive equilibrium of the labour market by the
equality of supply and demand, but taking into account the possibility that
only part of the labour force is employed. In this case, since we assume
perfect wage flexibility and no rationing, the wage must be equal to its
reservation value.

It can be checked that all equilibria are necessarily symmetric in
quantities, inside each sector, relatively to active firms (see Lemma 3 in the
appendix). But the possibility that only a number n* <n of firms be active in
equilibrium cannot be excluded when returns are increasing (/?< 1). Also,
symmetry is not always warranted in prices, and correspondingly in
quantities across sectors, unless we strengthen the assumptions hitherto
formulated.14 For simplicity we shall however simply ignore asymmetric
equilibria, and the kind of multiplicity they may introduce.

It will be appropriate to refer to a symmetric temporary equilibrium by a
triplet (y*,p*, w*) characterized, under the assumptions of either Proposi-
tion 1 or Proposition 2, by:

1. the first order and non-negative value condition:

w * / ^ ~ ' ( 2 3 )

with S as given by (15) and (13),
2. the product market equilibrium condition:

1 M
( 2 4 )

3. and the labour market equilibrium condition:

mny*p = L and w*/p*>v/U*(p*/P) (full employment)
or mny*^<L and w*/p* = v/U*(p*/P) (underemployment)
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The characterization of symmetric temporary equilibria can be further
simplified by referring to just the equilibrium price p*9 which may be
determined using workers' and firms' reservation wages. Let us first define
the symmetric marginal revenue function

( 2 6 )

such that 1 — p(p;P)/p = l/nd(\,p/P) is Lerner's index of monopoly power.
Then the firms' reservation wage15 is constructed from the first order
condition (23) and is equal to the product of the marginal productivity by
the marginal revenue. In a symmetric product market equilibrium, using
condition (24), this is simply the following function of the price p (con-
ditional on a given price expectation P)\

a}'ip;P)=~B(~^T) p{p;Py (27)

The function cof has elasticity:

"("7P- (28)

Similarly the workers' (nominal) reservation wage is constructed from
(25) as a function of the same variables:

( 2 9 )

with elasticity (for v>0, and using (8)):

°^ (30)

The following proposition summarizes all the simplifications coming
from symmetry:

Proposition 3 (symmetric temporary equilibria): An underemploy-
ment symmetric equilibrium is determined by equalizing both reservation
wages, and verifying that a solution p* to the equation cOf(p;P) = cDt (p',P)
satisfies:

L>(mny~pD(p*,PY and Pp*>p(p*;P). (31)

A full employment symmetric equilibrium is given by the solutionp** to the
equation L= {mn)l~^D (/?**,/>/, whenever this solution satisfies:
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tp**^) and Pp**>p(p**;P). (32)

We finally give the definition of an intertemporal equilibrium which, in
addition to the compatibility of optimal consumers' and producers'
decisions in every period, imposes the fulfilment of price expectations.

Definition 2 (intertemporal equilibrium): An intertemporal equili-
brium is a sequence of temporary equilibria, one for each period
t = 0,1,2,..., associated with an expected mean price Pn characterized by a
mean price Pf and such that, for any

Clearly, as we restrict ourselves to symmetric equilibria, an intertemporal
equilibrium is completely described by a sequence of triplets
(y*>P**w*)tejr- As suggested by the simplified characterization of sym-
metric temporary equilibrium given in Proposition 3, a symmetric intertem-
poral equilibrium can also be simply identified to a sequence of positive
prices (p*)tBjr.

Comparison with the literature
It is useful at this stage to compare our model, and its associate temporary
equilibrium concept, with the two main classes of imperfectly competitive
macroeconomic models: the one introduced by Hart (1982) and relying on a
Cournotian approach, and the one following the Dixit and Stiglitz (1977)
Chamberlinian framework, and popularized by Weitzman (1985) and
Blanchard and Kiyotaki (1987).16 Some important differences immediately
appear. Contrary to ours, these models attach importance to labour market
imperfections,17 keep intertemporal decisions implicit,18 and (with the
exception of Weitzman, 1985) neglect the so-called Ford effects19 that lead
producers to refer to a demand function incorporating a multiplier, such as
the one given by (11). Also they do not exhibit an overlapping-generations
structure, and hence ignore in particular the related distributional effects on
demand.20 It is however easy to capture the meaningful features of these two
classes of models, at least from the point of view of product markets, by
associating them with two special cases of our own model, assuming a
unitary elasticity of, respectively, intersectoral and intertemporal
substitution.

Unitary elasticity of intersectoral substitution or pure Cournot
oligopoly

Hart (1982) uses a single produced good and assumes that
consumers only spend in one sector. The significant point is however that
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cross-price effects do not play any role in his model. Such is also the case
when consumers spend a constant sum in each sector, as a result of a Cobb-
Douglas intersectoral subutility function u, with unit elasticity. Indeed, as
one can easily check from (15), with s = 1 the sectoral demand elasticity has
the real interest factor 6 = P/P as its sole argument, and becomes indepen-
dent of the relative price p/P:

(5=1 + - A(6)= 1 + - a(0)[<7(0)- 1]. (33)

Notice that d>\ — \/m>\/n (for «>1, and recalling that m>2, by
assumption), so that the marginal revenue is necessarily positive, as
assumedby Hart. As it already appears from the analysis in Heller (1986),
this is a crucial restriction, making in particular less likely the emergence of
multiple Pareto ranked equilibria (as we shall see on pp.lO6ff.). Such
restriction also excludes the cases of economies in which all intertemporal
equilibria are inflationary and converge to the autarkical state (d'Aspre-
mont et al, 1991a) or are non-monotonic in prices and output (pp.l23ff.).

Unitary elasticity of intertemporal substitution and pure
monopolistic competition
Comparison with pure monopolistic competition models, in the

line of Dixit and Stiglitz (1977), supposes a single firm in each sector: n = 1.
Also, neglecting, as these authors and their followers systematically do, any
indirect individual price effects (through the mean price), amounts to
assuming an infinite number of sectors (ra=oo), leading to a sectoral
demand elasticity equal to the elasticity of intersectoral substitution: S = s.
Indeed, we know that the mean price P is a function of pk9 the individual
price of good k, given by (3). The elasticity of this function, given by (14),
becomes negligible if m is very large,21 which is precisely the reason put
forward by Dixit and Stiglitz for taking P as (approximately) constant
when determining the demand elasticity for good k (see d'Aspremont et al.,
1994). If we look beyond the simplifying role of such an assumption, we can
see that it leads to the important consequence that the sectoral demand
elasticity is constant and larger than one (otherwise no equilibrium would
exist), thus excluding again the possibility of a negative marginal revenue
and, more fundamentally, ruling out any change in market power.

This limitation remains, even without resorting to an infinite number of
sectors (and to a sole producer of each good), as long as we assume, with
Weitzman (1985) and Blanchard and Kiyotaki (1987), but contrary to Dixit
and Stiglitz (1977), that the intertemporal utility function t/is restricted to
being of the Cobb-Douglas type, i.e. that the corresponding elasticity of
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substitution is equal to one. Indeed, with a(6)= I, the sectoral demand
elasticity becomes a weighted average of s and 1:

(34)

With symmetry in prices, this elasticity is equal to (1 — l/m)s+ 1/m, a
constant, necessarily larger than \\n for an equilibrium to exist. As a
consequence, the symmetric marginal revenue is always positive and, more
significantly, market power (or mark-up over marginal cost) is constant, so
that both multiple temporary equilibria (pp.lO6ff.) and endogenous fluc-
tuations (pp.lO6ff.) are less likely to occur.

Multiplicity of Pareto ranked equilibria

We first examine the static properties of our model and study how imperfect
competition may contribute to the emergence of multiple Pareto ranked
equilibria. These static properties will be useful both to analyse temporary
equilibria and, under stationarity, intertemporal equilibria.

Temporary equilibria
We have seen that underemployment equilibria are determined by equaliz-
ing the firms' and the workers' reservation wage functions, cof and CD{
respectively, and that a full employment equilibrium requires the value of
ajyat the full employment price/?** to be at least as large as the value of co,.
This is illustrated in figure 5.1. Existence of at most one equilibrium is thus
clearly ensured if the graph of cof can only cut the graph of cot from below.

That condition is satisfied if (using (28) and (30))

—/?=(p-l)zH—p>a — — p (35)

for any price higher than the full employment one. In particular this is
afforded by the assumption of non-increasing returns (/?> 1), together with
the restriction: p'p/p>tx, for any admissible/?. Multiple temporary equili-
bria can thus never arise in our model when competition is perfect
(requiring both non-increasing returns and equality of price and marginal
revenue, so that p fp/p = 1 > a). Multiple equilibria are also impossible in the
models of Weitzman (1985) and Blanchard and Kiyotaki (1987), once we
exclude fixed costs and 'menu' costs, since the demand elasticity is constant,
entailing as in the pure competition case a unitary elasticity of p, the
marginal revenue function. More generally, non-increasing returns rule out
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Figure 5.1 Unique equilibria
(a) Full employment (b) Underemployment

equilibrium multiplicity in the substitutability case,22 where (as stated in
Lemma 4 in the appendix) p'p/p is always larger than a:

Proposition 4 (uniqueness): In the substitutability case, with non-
increasing returns, and under the assumptions of Proposition 2, there is at
most one symmetric temporary equilibrium.

There are however cases of multiple equilibria. The proposition suggests
that we consider the case of increasing returns and the case of
complementarity.

Increasing returns
That increasing returns are a possible source of multiplicity of

symmetric temporary equilibria should be obvious from the preceding
discussion. In order to focus on the specific role of increasing returns, let us
neglect changes in market power, by resorting to the quite simple case of a
Cobb-Douglas intertemporal utility function (leading to A = 1 and p'p/
p = 1). We assume that the (constant) propensity to consume a is larger than
the elasticity of the cost function ft, so that

CO,
(36)

The equality of the firms' and workers' reservation wages cof=Bp^ = Apa

= coi (where A and B denote constant factors23) is thus satisfied at a unique
price/?*, characterizing an underemployment equilibrium if conditions (31)
are satisfied, that is:
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Figure 5.2 Coexisting full- and underemployment equilibria

n * = -
11—a

=/?**andj?>l-
m/n

(m—
(37)

In fact, as shown in figure 5.2, when these conditions hold, there is, besides
the underemployment equilibrium, a full employment equilibrium corres-
ponding to a price/?**(we have Bp**^> Ap***, so that conditions (32) are
also verified).24 Otherwise, except in the singular case/?* =/?**, or in the case
v = 0 (implying A = 0), where the full employment equilibrium is unique, no
equilibrium exists.

Multiplicity of equilibria does not in general imply that the equilibria are
Pareto ranked. An old consumer obviously prefers the lowest price, here the
full employment price /?**. A young consumer, as a worker, is unable to
choose among underemployment equilibria: in any such equilibrium, the
utility he derives from working is U* (p/P) w/p — v = 0, which is the utility he
gets when not working and not receiving any non-wage income. On the
other hand, he definitely prefers, as a worker, a full employment equili-
brium, if the wage is higher than its reservation value. The difficulty comes
from his position as a shareholder, receiving a given fraction of total profits
77. So, in order to assert that /?** Pareto dominates /?*, one has to check
whether

\^<U* p**\ 77**
** 'P

(38)

Since U* (p/P)/p is decreasing (by (29) and (30), it has elasticity - a), this
inequality holds if 77 is a non-increasing function of p, which is true in



Market power, coordination failures and endogenous fluctuations 109

this example, since pD(p,P) = M/(l-(x\ so that n=pD{p,P)~ (mn)xfi

BppD(p,Py is in fact constant.
Multiple equilibria are thus Pareto ranked in this simple example with

increasing returns and constant market power, giving rise to a coordination
failure.25

Complementarity and significant variability of market power
We will now consider the complementarity case, putting aside

increasing returns. For simplicity, we stick again to a straightforward class
of examples,26 assuming that the symmetric marginal revenue function p is
positive over some price range but, as the price increases, eventually
becomes negative since:27

lim 5 ( 1 , 0 ) = ( l - l / > ( / ( /
0->oo 0->oo (39)

<(1 - l/m>+ l/w = lim 5(1,0).
0->O

An example is given by a CES function U, with a<m/n —  (m —  l)s< 1.
In this class of examples, because of intertemporal complementarity

(dominance of the income effect over the substitution effect), a higher price
leads to a higher expenditure by the young consumers, thus increasing the
weight of the generation with the lowest demand elasticity. So market
power increases with price, and the firms' reservation wage correspondingly
decreases (if marginal productivity does not increase too sharply with
diminishing output). Since the firms' reservation wage function eventually
becomes negative, it must indeed be decreasing for high prices. But it is
increasing for low prices since, by (27), it converges to zero, as the price
tends to zero. As a matter of fact, except in singular cases, it is this property,
and not the fact that the function eventually takes negative values, that
rules out equilibrium uniqueness. As shown in figure 5.3, if the marginal
revenue is positive at the full employment price, there will be, for a labour
disutility v sufficiently weak to ensure existence of an equilibrium, and by
continuity of the reservation wage functions, at least two intersections of
their graphs, and hence two equilibria. Notice that, contrary to the simple
case of a unitary elasticity of intertemporal substitution with increasing
returns, this case may entail, and indeed does entail in the example of figure
5.3, two underemployment equilibria.28 Also, multiplicity of equilibria is
compatible in the present case with the absence of labour disutility.

Are such equilibria Pareto ranked? From the discussion about the
increasing returns case, in order to establish that lower price equilibria
Pareto dominate higher price ones, it is sufficient to show that the utility
derived from the profit income U*n/p is non-increasing in price in the
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Figure 5.3 Multiple underemployment equilibria

relevant range. As the elasticity of this function is equal, by (8), to - a plus
the elasticity of the function

\ (40)
1-l + l/n5(l,plF)]9

(41)

this amounts to showing that:

enP
dp n =

d'2e/s

By referring to (13) and (15), and using A'9> —  A(\ — A)  (implied by the
assumption of Proposition I),29 together with the fact that nd> 1 in the
relevant range, we indeed obtain:

1

(42)

The last inequality is satisfied if we assume: a (6) > 1/[1 + /?(1 + (m - \)s)] for
the relevant values of 0 (those which lead to d(\, 6) > \/n). A simple example
of existence of multiple Pareto ranked temporary equilibria based on the
CES utility function (as in the example of figure 5.3) is thus obtained for
values of a such that:

1
<a<m/n—  (m — (43)
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Stationary equilibria

Under temporary equilibria, expectations are exogenous and arbitrary, and
one may always wonder whether the multiplicity of equilibria obtained
should not be traced back to the degree of freedom thus allowed to the
model-maker. Considering intertemporal equilibria, such degree of free-
dom is lost since expectations, even though rigid and devoid of cognitive
foundations, are required to be fulfilled.

The study of intertemporal equilibria is often limited to stationary
equilibria, allowing us to remove the arbitrariness of expectations without
giving up the simplicity of the static analysis. Imposing stationarity may,
however, be misleading. Indeed, in the symmetric temporary equilibrium
context, it shares with the assumption of a unitary elasticity of intertem-
poral substitution the property that demand elasticity, and hence market
power, is constant (since 0t= 1 for all t). As a result, we obtain, as in perfect
competition, a unitary elasticity of the symmetric marginal revenue func-
tion. Thus, we should not be surprised to find that non-decreasing returns
per se exclude (generically) the possibility of multiple stationary equilibria,
independently of the characteristics of intertemporal substitution. By
contrast, given existence, increasing returns necessarily entail such a
multiplicity (except in a singular case).

The analysis of stationary equilibria is straightforward. Reservation
wage functions take quite simple forms when the real interest factor is fixed
at unity:

= Ap and cof (/?;/?) = Bpfi, (44)

with A = v/U* (1) and B= [1 - \/nd(l,\)](\/P)[M/(mn(l -a(l)))]1"^. If
A > 0 and B > 0, and except in the case of constant returns 08=1), there is a
unique price, say/?*, at which the two reservation wages are equal. Under
decreasing returns (/?> 1), if this price is larger than the full employment
price /?**, it sustains an underemployment stationary equilibrium. Other-
wise the only stationary equilibrium has full employment. Under increasing
returns (j8< 1), bothp* and/?** are stationary equilibrium prices if/?* >/?**
and if the non-negative profit condition is satisfied. Otherwise no stationary
equilibrium exists. Equality of/?* and /?** corresponds to a degree v of
labour disutility satisfying:

v= U*(\)Bp**p~l= U*(l)[l ~ l/nS(l,l)](l/P)(L/mn)w-K (45)

We can use v to summarize the preceding remarks in a proposition.

Proposition 5 (stationary equilibria): Under the assumptions of
either Proposition 1 or Proposition 2, and referring to v as defined in (45),
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• if returns are decreasing (/?> 1), there exists a unique stationary equili-
brium, with full employment if 0<v<v (one inequality strict), or with
underemployment if 0 < v < v; in the singular case in which v = v = 0, there
exist multiple stationary equilibria, one with full employment and a
continuum with underemployment, corresponding to any price higher
than the full employment price; and, if v<0<v, no stationary equili-
brium exists;

• if returns are constant (/? = 1), there exists a unique stationary equilibrium
with full employment if v < v; there exist multiple stationary equilibria,
one with full employment and a continuum with underemployment,
corresponding to any price higher than the full employment price, in the
singular case in which v = v; and no stationary equilibrium exists if v < v;

• if returns are increasing (jS< 1) and if j5> 1 — \/nS(\,\), there exist two
stationary equilibria, one of each type, if 0<v<v, and only one
stationary full employment equilibrium in the singular cases in which
0<v=vorO = v<v; there exist multiple stationary equilibria, one with
full employment and a continuum with underemployment, correspond-
ing to any price higher than the full employment price, in the singular case
in which 0 = v=v; and no stationary equilibrium exists if v<v or if

Are multiple stationary equilibria Pareto ranked? Because of stationarity
and the associated constancy of both expenditure and market power, the
answer is based on the same argument as in the context of temporary
equilibria when the elasticity of intertemporal substitution is equal to one.
Lower price equilibria are obviously preferred by all generations when old,
and are at least no less desired by young consumers as wage earners (the
utility derived from their worker's status is zero in any underemployment
equilibrium and may be greater at full employment) and also as profit
earners (with a constant real interest factor, the utility derived from the
shareholder's status is proportional to real profits, and nominal profits are
constant in this case).

Endogenous fluctuations

By its very simplicity, the study of stationary equilibria is both appealing
and delusive. Indeed, stationary equilibria are but a special type of
intertemporal equilibria, and should be viewed as such in a genuine
dynamic analysis. Non-stationary equilibria may be quite complex, and it is
in particular possible to find, along an equilibrium sequence, both under-
employment and full employment phases. For the sake of simplicity, we
shall however emphasize the two 'pure' dynamic regimes, corresponding to
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the full employment and the underemployment regimes. These two regimes
will be successively examined in the next subsection. Then, in the following
subsection, monotonicity of all equilibrium trajectories will be established
for the substitutability case with non-increasing returns. In the two
remaining subsections, we will then show how imperfect competition may
contribute to the emergence of endogenous fluctuations, by allowing
increasing returns on the one hand, and through variability of market
power on the other.

Two regimes of dynamics

Full employment
The first significant feature of full employment intertemporal

equilibria, whether stationary or not, is that stationarity prevails at least in
output, given symmetry and the constancy of labour supply and producti-
vity. Thus, the demand must satisfy, for any t = 0,1,2,...,

£>(pt,pt+l) = D(pt+l,pt+2). (46)

The second important feature of full employment intertemporal equili-
bria is that they are determined quite independently of market structure,
according to a dynamic system which is the same, whether competition is
perfect or imperfect. It is only through the two admissibility conditions, of
non-negative profits and proper ranking of the reservation wages, that
market power may have an influence, by ruling out inadmissible
trajectories.

Because of homogeneity (of degree — 1) of the demand function, the
difference equation of order 2 given by (46) can be transformed into a
difference equation of order 1 in the variable 0t=pt/pt+l:

lM (47)
or equivalent^, since [1 -(x(6t)]6t = M/D (0,,1) by (11):

[l-a(0,)]0,= l -a(0,+ 1). (48)

The left-hand side of (48) is an increasing function of 0, (with elasticity
zl(0,)), so that (48) always has, for any 0,+ 1 in some interval of £̂+ + (in
general 2̂+ + itself), a unique solution in 6n and thus characterizes
well-defined backward dynamics in the real interest factor.

In the simple cases that we are considering, the substitutability and the
complementarity cases, a is a monotonic function. So it becomes possible to
consider also well-defined forward dynamics: 0t+l = $FE{9t) on some inter-
val of 01+ +. As a(0) < 1 for any positive 0, the only fixed point of <PFE is
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(a) 6<+1 • *

Figure 5.4 Dynamics in the full-employment regime
(a) Substitutability case (b) Complementarity case

clearly 1. Moreover, since &FE is increasing in the case of intertemporal
substitutability (a decreasing), decreasing in the case of intertemporal
complementarity (a increasing), the dynamics are monotonic (both in 6t
and in/?,) in the first case, alternating (in both variables) in the second case30

(see figure 5.4). Stability of the stationary equilibrium can be assessed by
referring to the absolute value of <P'FE at 9t = 1, with

de,t+\

de,
(49)

When investigating existence of non-stationary intertemporal equilibria,
one can of course use the dynamic system described by <PFE, keeping in mind
that any sequence (8t)te r derived from an initial value 00 by successive
iterations of <PFE, characterizes an equilibrium only if profits are non-
negative and reservation wages are properly ranked in all periods, i.e. if, for
any t,

(50)

Underemployment
Underemployment equilibria must satisfy, for any t = 0,1,2,..., the

equality of the two reservation wages:

t + l ) , (51)

(52)

i.e., using homogeneity (of degree /? for ajyand 1 for a>,):

As can be seen from (52), the dynamics in 9t degenerate if the returns are
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constant (/? = 1), or if labour has no disutility (i.e. if v = 0, leading to &>,=0).
Any underemployment equilibrium is then constant in the real interest
factor, hence quasi-stationary. Deflationary equilibria are excluded, since
demand would be unbounded along the equilibrium path. Thus, in each one
of those two situations (except in the singular case in which 1 is a solution to
(52)), any equilibrium must be inflationary and declining: prices and the
nominal wage increase at the same constant rate 1/0—1, with outputs
decreasing at rate 1 —  0.

If P^ 1 and v#0, one can divide both sides of (52) by the corresponding
sides of the same equation, applying to the next period, to get a difference
equation of order 1 in the variable 0,:

1). (53)

Any solution to this equation characterizes an underemployment intertem-
poral equilibrium, provided the non-negativity condition on profits and the
labour availability constraint are satisfied in each period t. Since the output
derived from the equality of the two reservation wage functions is given by:

yt=\ir t/*(0,)(i-1/^(1,0,))T"1, (54)

the two admissibility conditions are respectively:

j»>  1 - \/nS(h9t) and ^ > |~^ <7*(0,)(1 - l/n5(l,0t))\~\ (55)

Using (28) and (30), elasticities of the left-hand and of the right-hand
sides of (53) with respect to 9t and 0/+1 are respectively:

^ - ; 0 , = (/J-l)J+^0,-a (56)

and

(57)

Neither of these elasticities has a well determined sign, the same for all
possible cases, or even, in some cases, the same for all values of 0, or 9t+x.
Thus, contrary to the full employment difference equation (48), (53) does
not necessarily lead to well defined dynamics, either backwards or for-
wards. However, putting together equality (56) and inequality (35), one sees
that the condition entailing uniqueness of temporary equilibrium (that the
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elasticity of the firms' reservation wage be larger than the elasticity of the
workers' reservation wage) naturally leads to well defined backward
underemployment dynamics (since/is an increasing function in that case).
As we have seen, that condition is in particular satisfied when competition is
perfect, so that increasing returns are excluded (hence j8> 1) and marginal
revenue is equal to price (hence p'6/p = 1).

Also, in the substitutability case, we know from Lemma 4 in the appendix
that the elasticity of the symmetric marginal revenue function p is always
larger than the propensity to consume a. We can then conclude that, for
f}> 1, both sides of (53) are increasing. Thus, both the forward and the
backward dynamics are well defined in this case. We can in particular
consider a function <PUE, defined on some interval of M+ +, and describing
the forward dynamics characterized by (53): 0t+x = <PUE(8t). The function
<PUE is increasing, with a derivative larger than 1 at 1, its unique fixed point:

~ ^ w dOt

(58)

Before we show how imperfect competition can contribute to endoge-
nous fluctuations, let us consider this particularly simple case, in which
fluctuations are precisely excluded.

The substitutability case with non-increasing returns

Assume first decreasing returns (j8>l). The two dynamics are then
essentially the same: they can both be defined forwards by explicit functions
<PFE and <PUE (in full employment and underemployment, respectively),
which are increasing, have 1 as their unique fixed point, with derivatives
larger than 1 at this point (see (49) and (58)). So, the stationary equilibrium
is always unstable. If 0O > 1,0, would indefinitely increase, implying that the
price would converge to zero. But this is impossible, since demand would
then tend to infinity whereas production is bounded. Thus, besides the
stationary equilibrium, only equilibria with explosive inflation (such that 0,
converges to 0) can exist. As a matter of fact, there generally exists a
continuum of them, for any 0O< 1, as we will see.

In order to assert existence of such equilibria, we must take the
admissibility conditions (50) and (55) into account. Let us define, as a
function of the degree of labour disutility, the value 0(v) of the real interest
factor that leads to equality of firms' and workers' reservation wages at full
employment:

1 [1 - Iln5(l,ff(v))] = v/U*(S(y)). (59)
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Figure 5.5 Dynamics with possible shift of regime

As p '0/p > oc when substitutability prevails, the elasticity with respect to 6 of
the left-hand side of this equation is larger than the one of the right-hand
side, so that a solution 6(v) is uniquely determined. A positive solution
exists if v > v, with

0 - 0
l/nd(\,0)]U*(0)}. (60)

Also, notice that S is increasing and that, taking v as defined in (45), we
obtain S(y)=\. Finally, since by (54) output yt increases with the real
interest factor 0,, any value of 0t will be associated with underemployment if
0t < S(v) and compatible with full employment if 0t > ff(v).

Two cases must now be considered. If v < v, full employment results from
any positive value of the real interest factor, so that a sequence starting with
any 0oe]O,l[ and determined by successive iterations of the function <PFE
characterizes a full employment equilibrium (see figure 5.4a), provided
those iterations can go on forever, that is provided lim a(0) = 1 (a condition

ooo-o
implied by lim a(0)> I).31 This also applies to the constant returns case

o-o
(/?= 1), since full employment dynamics are not affected by technological
characteristics.

If v > v, we can associate with any 60 e ]0,0(v) [ a sequence determined by
successive iterations of the function &UE (we show in the appendix that this
function is indeed defined on the whole interval ]0,^(v)[), a sequence
characterizing an underemployment equilibrium (see figure 5.5). But, if
v < v and hence 0(v) < 1, we can also take a sequence starting at 00 e [5(v), 1 [,
which will characterize an equilibrium with full employment in a finite
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number of periods and underemployment thereafter. As long as 6t belongs
to the interval [$FE(8(v))Ah dynamics are, as we know, described by the
function &FE. However, if 6tE[S(v),0EE

x (fl(v))[ equilibrium involves a
transition from the full employment to the underemployment regime. We
show in the proof of Proposition 6, in the appendix, that such transition is
described by an increasing function <PT which continuously extends both
<PUE and <PFE, so that the dynamics are essentially the same in this case as in
the pure regimes.

In the constant returns case, there is a single possible real interest factor
6t= 6(v), but there still exists a continuum of underemployment equilibria,
associated with any initial price larger than the full employment price (the
price corresponding to #(v)), as soon as S(v)< 1, i.e. v< v. Of course, no
deflationary equilibrium can exist, so that 6(v) > 1 leads to the inexistence of
an intertemporal equilibrium. We thus obtain the following proposition:

Proposition 6 (monotonicity): Consider the substitutability case, as
characterized by Proposition 2, and assume non-increasing returns. Refer
to v, v and 9(v) as defined by (60), (45) and (59), respectively.
• If 0 < v < v, there only exist full employment intertemporal equilibria, the

stationary one and, provided lim a (6) = 1, a continuum of equilibria with

explosive inflation associated with any #0e]0,l[.
• If v < v < v, there is a stationary full employment equilibrium and, for

p > 1 or v < v a continuum of inflationary equilibria with eventually
declining output. If /?> 1, those equilibria, associated with any #0e]0,l[,
are characterized by explosive inflation. If /?= 1, those equilibria have
constant inflation at the rate l/0(v)-l, and are associated with any
initial price at least as large as the full employment price corresponding
to 0(v).

• If v < v and /? > 1, there only exist underemployment intertemporal
equilibria, the stationary one and, associated with any 0oe]O,l[, a
continuum of equilibria with explosive inflation and declining output.
No equilibrium exists if v < v and fl = 1.

Proof: See appendix.
It is again quite easy to establish that monotonic equilibria are Pareto

ranked, at least if the aggregate demand elasticity A is a decreasing function
(for instance, if U is CES). Indeed, real wage costs per unit of output are
then a decreasing function of the real interest factor, since market power is
positively related to this variable. Besides, U* and, if returns are decreasing,
underemployment equilibrium output are increasing functions of the real
interest factor 8. Thus young consumers, as shareholders, unambiguously
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prefer in both regimes higher values of 6. As we know, they are indifferent,
as workers, among underemployment equilibria, and prefer in full employ-
ment higher values of 0, since the favourable effect of an increase of the real
interest factor on U* (given by the elasticity 1—a) dominates, when
substitutability prevails, the negative effect through market power of that
increase on the real wage (given by the elasticity p'6/p— 1). Finally, old
consumers would object to lower values of 9. Indeed, the Keynesian
multiplier is in this case a decreasing function of 6, so that higher prices
must compensate for lower values of the real interest factor and higher
associated values of the multiplier, if demand is to be kept at its full
employment level. As for underemployment equilibria, the same relation
prevails between prices and values of 0, as can be seen from (52). Thus, and
because of monotonicity, equilibria in the decreasing returns case are
positively related (according to the Pareto criterion) to the initial values of
the real interest factor. The preceding argument also applies to the constant
returns case, except that underemployment equilibria are negatively related
to initial prices.

As we see, the multiplicity of Pareto ranked intertemporal equilibria may
occur even in the substitutability case under non-increasing returns, a
situation which excludes the multiplicity of temporary equilibria. This
conclusion is however by no means related to market power, and is quite
compatible with perfect competition. It is the overlapping-generations
structure together with an infinite horizon of the economy, and not the
imperfectly competitive nature of its markets, that explains the equilibrium
indeterminacy, through the indeterminacy of potentially harmful yet self-
fulfilling expectations, leading to Pareto inferior intertemporal equilibria.

Increasing returns

Substitutability and non-increasing returns together lead to monotonicity
of intertemporal equilibria. A continuum of inflationary and declining
equilibria may then exist, but fluctuations are excluded. This is no longer
the case under increasing returns. Of course, as soon as multiple equilibria
are non-monotonic, they will in general not be Pareto ranked. In any case, it
is the possibility of occurrence of endogenous fluctuations in itself that will,
from now on, hold our attention.

In order to focus on the role of increasing returns as a source of
endogenous fluctuations, we shall first stick to the substitutability case (the
combined influence of increasing returns and complementarity will be
considered in the next subsection). No difference arises from the assump-
tion of increasing returns in full employment dynamics, which are indepen-
dent of technological specifications, because of stationarity in output. As
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for underemployment dynamics, by (56) and (57), the elasticities of both the
left- and right-hand sides of the difference equation (53) will in general take
negative values for 9 close to 0, and positive values for 9 large enough.
Indeed, if we exclude the singular case in which lim <J(9)=\ (so that

0-0

lim a(0) = 1) and taking into account the fact that, by (A20) and (A29) in the
0-0

appendix, lim p'(9)9/p(6)= 1), we obtain:
0-0

l i m ^ 0= (J3-1) lim <r(0)<O,
0-0 j(p) 0-0

l i m ^
/

= G 8 - !> l

and, as lim a(0) = Oand lim p'(fl)fl/p(8)=l,
0—oo  0—oo

0-oo j(u) 0-oo

The functions/and g are thus non-monotonic, and the dynamics generated
by (53) are not uniquely defined, either forwards or backwards.

To keep things straightforward, let us concentrate on the existence of a 2-
cycle, the simplest form of persistent endogenous fluctuations. We look for
a pair (0*,0**) of two different positive values of the real interest factor
verifying the difference equation (53), with 9t = 9t+2 = 9* and 0,+ 1 = 0**.
Since this equation has the form

(63)

we obtain:

f(9*)=f(9**)9**l~fi=[f(9*)9*l-p]9**l-li

and, since/takes only positive values, we get: 0** = 1/9* > 1 (without loss of
generality). Thus, the difference equation (63) admits a 2-cycle as a solution
if and only if there exists 9* e]0,l[ verifying the equation:

l~'~x- ( 6 4 )

where Fhas elasticity:
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= 1, a 2-cycle can exist only if Fis non-monotonic, hence (for ft < 1)
if/ is somewhere decreasing, which is precisely the condition required for
multiple temporary equilibria. By continuity of F, a sufficient condition for
the existence of a solution 0*e]O,l[ to (64) is that F'(l)<0 together with
lim F(0) = O. Let us assume that lim a(0) = O (which results simply from
0->O 0->oo

excluding the case of a Cobb-Douglas intertemporal utility function).
Then, by (65), (56), and Lemma 4 in the appendix, and recalling that
lim d(6)< 1 + j8, by the assumption of Proposition 2, we get:
0^0

lim ^ 0> 08- 1) lim G(B)+ 1 >jff2>0,

and hence lim F(0) = 0. Let us now consider the sign of Ff(l). Using again
0^0

(65) and (56), we obtain:

[ ( ^ ) l (66)
Referring to this equation and to (58), one straightforwardly checks that
F'(l)<0 if and only if the stationary equilibrium is unstable in the
(forward) underemployment dynamics, i.e. if \<P'UE(l)\> 1 (where <PUE is
now the implicit function defined by the difference equation (53) in a
neighbourhood of the stationary state).

From (66) we see that favourable circumstances for the existence of a 2-
cycle are: (1) a high degree of impatience (think of a CES intertemporal
utility function with a small discount factor for future consumption)
leading to a high value a(l) of the propensity to consume when young and
leading also to a large elasticity A (1) of aggregate demand (indirectly and in
conjunction with a high elasticity of intertemporal substitution); (2)
significantly increasing returns (small /?); (3) some variability of market
power (expressed, when A is a decreasing function, as in the case of constant
elasticity of intertemporal substitution, by a small value of p'(l)/p(\)).

Of course, in order that the 2-cycle (0*,l/0*) (with 0< 0* < 1) satisfying
the difference equation (63) be an intertemporal equilibrium, the usual
admissibility conditions must be verified, both the non-negative profits
condition: /? > 1 —  1 \nb (1,0*) (for a decreasing A, the condition prevails also
for 1/0*), and the labour availability condition: either 0* > 0(v) (with ff(v) as
defined in (59) and taking into account the fact that yn as given by (54), is
now a decreasing function of 0t) or else v< v (with v as defined by (60)). The
first condition is verified, even for 0* arbitrarily small, if /?> 1 —  l/ns (since
S<s if G<s). As for the second condition, if v is larger than v but small



122 Claude d'Aspremont et al.

enough, so that O<0(v)<0*, the inflationary full employment equilibria
cease to exist, but the existence of the 2-cycle as an underemployment
equilibrium is preserved.

Complementarity and strong variability of market power
We will first show in this subsection that complementarity may contribute
to the occurrence of 2-cycles, and then that, by leading to negative values of
the marginal revenue for some range of the real interest factor (an extreme
form of variability of market power), it may also generate persistent
endogenous fluctuations in all intertemporal equilibria.

Existence of cycles of period 2 when the stationary equilibrium is
unstable
The argument used in the earlier subsection to establish existence

of a 2-cycle in the underemployment dynamics also applies to the comple-
mentarity case. By (65), (56), and (A 16) and (A29) in the appendix, and
assuming that lim a(0) = O (which is implied by lim a(0)< 1), and that

(l-\/m)s+\/m inf A(0)> l/n, we get:
06]O,OO[

J7' (ff\
lim-7-f 0> 1 + 08-1) lim <T(0)>1 if 0>1
o~+o F(6) o^oo

>j8if j?<l.

As the elasticity of F always tends to a positive limit when 0 tends to 0, we
have: lim F(6) = 0. Thus, a sufficient condition for the existence of a 2-cycle

in the underemployment dynamics is again F'(l)<0 or, equivalently, the
instability of the stationary state in the forward underemployment
dynamics.

A simple inspection of (66) shows that a large variability of market power
expressed, when A is a decreasing function, by a small value of p'(l)/p(l),
makes that condition easier to satisfy. Also, the lower is the value of /?, for
cr(l)> 1/2 (and hence A(\)> 1/2), the easier is that condition to satisfy.
Increasing returns are still favourable to the occurrence of a 2-cycle when
complementarity is weak. In that case, the same conclusions apply to the
(favourable) influence of a high degree of impatience (leading to a large
a(l)) and of a not too small elasticity of intertemporal substitution cr(l). If
returns are decreasing, it is on the contrary a small value of a (I) that
favours occurrence of a 2-cycle.

We should point out that, as long as complementarity and variability of
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market power are both weak (<r(0)> 1/2 and p'(6)d/p(6)>(x(0) for any 0),
no 2-cycle can exist under non-increasing returns in either of the two
regimes. Indeed, existence of a 2-cycle in underemployment dynamics
requires (64) to have more than one solution, hence Fto be non-monotonic.
But, by (65) and (56), we obtain in that case:

F(6)

Exactly the same argument applies to full employment dynamics, once

If complementarity is strong enough, or more precisely if the elasticity of
intertemporal substitution is allowed to take values smaller than 1/2, one
can, however, obtain the existence of 2-cycles, either in the full employment
regime (A (1) < 1/2 is then a sufficient condition) or in the underemployment
regime, and even with decreasing returns and a constant, in fact nil, market
power, i.e. even under perfect competition. In the latter, given high degrees
of impatience and a large intertemporal complementarity, more complex
dynamics, with cycles of higher periods, are possible. Thus, strong comple-
mentarity is as such, and quite independently of its effects through market
power, a potential source of persistent endogenous fluctuations. We are
however interested in effects that are specific to imperfect competition.
Such effects work through the variability of market power, an extreme form
of which is the emergence of negative values of the marginal revenue. That
possibility not only favours occurrence of endogenous fluctuations, it can
in fact threaten existence of stationary or, in conjunction with increasing
returns, even monotonic intertemporal equilibria.32

Non-stationarity and non-monotonicity of all intertemporal
equilibria
It is not difficult to find conditions implying that any intertemporal

equilibrium is non-stationary, even non-monotonic. But a related question
has to be considered: do such non-stationary (or non-monotonic) equilibria
exist, or on the contrary do those conditions preclude existence of intertem-
poral equilibria in general? Indeed existence of a stationary equilibrium,
either in full employment or underemployment, is clearly ruled out if the
marginal revenue is negative at a real interest factor equal to one: p (1,1) < 0.
If in addition returns are increasing, no monotonic intertemporal equili-
brium can exist. We know indeed that deflationary equilibria are imposs-
ible, since 9t cannot converge to 1 without making the marginal revenue
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negative, so that prices would necessarily converge to zero in such an
equilibrium, leading to a violation of the labour availability constraint. On
the other hand, inflationary equilibria are also impossible in this case, since
the fact that 9t cannot converge to 1 has the further consequence that the
sequence of prices would be unbounded, and hence that output and, under
increasing returns, labour productivity would both converge to zero. The
firm's reservation wage would then eventually become smaller than the
labourers' reservation wage, which is incompatible with an equilibrium. So,
if intertemporal equilibria exist, they cannot be monotonic.

Now, in order to get existence in the case of decreasing returns,33 let us
assume, together with the conditions of Proposition 1, that34

A(l)<m/n-(m-l)s<l=\imA(6\ (67)
0-0

or equivalently, by (15) and (26), that the marginal revenue function takes
negative values for 9 close to 1, and positive values for 9 close to 0. The
marginal revenue function and consequently the firms' reservation wage
function must then switch from positive to negative values at some 9 e ]0,1 [.
Assuming regularity (f(9) < 0), the difference equation (53), of which 9 is
clearly a stationary solution, defines in a neighbourhood of 9 an implicit
function <PUE with 9 as a fixed point and such that 9t+ x = <PUE(9t). Also,

/(0)

since / (0 ) = O. Thus, the stationary solution 9 is stable in the forward
dynamics and attracts the trajectories starting with values of the initial real
interest factor 90 in a neighbourhood of 9. Since the marginal revenue
remains positive and the labour availability constraint is satisfied for 9t
smaller than, but sufficiently close to, 9 (by (54), yt tends to 0 if 9t tends to 9),
we obtain existence of a continuum of equilibria converging to 9 and
associated with different values of 90e]0,9[ close enough to 9. These
equilibria are inflationary. Also, as 9t is bounded away from 1 and the
sequence of prices is consequently unbounded, whereas the multiplier is
bounded, these equilibria must be such that demand, and hence output,
converge to zero. We sum up the preceding result in a proposition.

Proposition 7 (non-stationarity): With decreasing returns, under
the assumptions of Proposition 1, and also assuming that

A(l)<m/n-(m-l)s<l=limA(9\
0-0
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there exists a continuum of inflationary intertemporal equilibria, such that
output converges to zero. No stationary equilibrium exists.

Now observe that, if marginal revenue is negative for any 0 larger than 1
(as will necessarily be the case if the demand elasticity A is a decreasing
function), then all equilibria are of course inflationary and such that output
converges to zero. Stationarity is excluded, but so in that case are
endogenous fluctuations. Let us therefore assume that the marginal rev-
enue function takes positive values when the real interest factor is either
sufficiently smaller or sufficiently larger than 1:

A(6)> m/n- (m- \)s iff 6€]O,0[\J]ff,ool w i t h 0 < l < £ (69)
Such behaviour of the function A is possible if we assume, for instance, that
a is an increasing function.35 Existence of fluctuating equilibria is then
possible in any one of the two regimes and under both decreasing and
increasing returns. Assuming for instance that 9ff>l, we immediately
obtain existence of a 2-cycle in the underemployment dynamics. Indeed,
using again the function F as defined in (64), recalling that

\imF(9) = 0
o-^o

if lim a(0) = 0, and noticing that
0-^0

lim F{0)= +oo
0-0/0)-

since \/ff< 6 and by (69), we obtain by continuity of Fin the interval ]0,l/#[
existence in that interval of a solution 0* to (64). That solution satisfies:
O<0*< l/0<0< 1 < l/0<0< 1/6*, so that the cycle (0*,l/0*) lies in the
admissible domain where a positive marginal revenue prevails. Of course,
the non-negative profits condition and the labour availability constraint
should also be satisfied. The former requires a large enough value of /?; as
A(9)< 1, a sufficient condition is clearly:

^ 1 V*
P̂  1
P " (\-\/m)s+l/m

A sufficient condition for the latter is a large (small) degree v of labour
disutility if returns are decreasing (increasing). Indeed, by (54), the outputs
associated with each one of the values 0* and 1/0* (independent of v) of the
real interest factor along the cycle tend to 0 when v tends to infinity (zero).

Now, persistent endogenous fluctuations, taking for instance, as in the
preceding example, the form of a 2-cycle, or converging to it, or taking
possibly more complex forms, will characterize any intertemporal equili-
brium if returns are increasing, a condition that excludes monotonicity of
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the equilibrium trajectories. Also, if intertemporal complementarity is not
too strong, those fluctuations will involve output as well as prices. Indeed, if
A (9) > 1/2 for any 6, no 2-cycle exists in the full employment regime, as we
have seen. In fact, no full employment intertemporal equilibrium can then
exist.36 We sum up these conclusions in Proposition 8.

Proposition 8 (non-monotonicity): Under the assumptions of Pro-
position 1, and also assuming that lim oc(6) = 0 and that, for some 6 and 0

such that 0<6< 1 <6 and 66> 1,
A(6)>m/n- (m- \)s iff 0e]O,0[ U ]#,oo[,

there exists a cyclical underemployment equilibrium of period 2, either
under decreasing returns and for a sufficiently high degree v of labour
disutility or under increasing returns, large enough values of the elasticity /?
of the cost function and sufficiently low values of v. Also, under increasing
returns, any intertemporal equilibrium is characterized by persistent fluc-
tuations in prices and in the real interest factor and, if A takes only values
larger than 1/2, also in output.

Conclusion

We have analysed an overlapping-generations economy with 'Cournotian
monopolistic competition' in the produced goods markets. This generalizes
and extends previous macroeconomic models with imperfect competition,
either of the Cournotian or of the Chamberlinian variety. All prices have
been assumed perfectly flexible and no adjustment costs were introduced.
The labour market has been supposed perfectly competitive, in order to
emphasize the effects of firms' oligopolistic market power, as opposed to
the effects of union power.

Such effects work in our model through two main channels: increasing
returns to employment, more precisely decreasing marginal costs, and
variability of mark-ups over marginal costs, induced by changes in demand
elasticity as prices vary. Both channels of influence have often been
neglected in previous models, particularly the ones using the Dixit and
Stiglitz monopolistic competition framework, by assuming both a constant
(or at least non-decreasing) marginal cost and a constant mark-up over
marginal cost. This practice cancels the effects we wanted to stress, making
output market power somewhat unimportant.

Increasing returns and significant variability of market power, isolated
or in conjunction, have been shown to be responsible for multiple Pareto
ranked temporary or stationary equilibria on the one hand, and for the
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occurrence of endogenous equilibrium fluctuations, in an economy which is
not subject to shocks, on the other. Perfectly competitive economies can
certainly experience such endogenous fluctuations, related in particular to
intertemporal complementarity, that is, to the dominance of income effects
over substitution effects. But output market power, through the two
channels of influence we have emphasized, not only makes endogenous
fluctuations more plausible, but can actually exclude any equilibrium
devoid of persistent fluctuations. This is the consequence of possible
negative marginal revenue making the stationary state inadmissible, and of
sharply increasing marginal costs as output diminishes along inflationary
trajectories, excluding monotonicity. Variability of market power can
however in this case entail positive marginal revenue along fluctuating
equilibria, and the occurrence of such equilibria is clearly a possibility.

Appendix

Lemma 1: Consider the problem

max 7i(j) = max {il/(y)y — wyp}, (Al)

where w e i + , / ? e ^ + + , and ij/: &++^>&++ is a C2 decreasing function
(continuously extended to the domain ^£+), such that, denoting s(y) =

y f

"' nyy + + '
\ - P<e(y)<\ ^ e'(y)y> -[\-s(y)][e(y)- (1-/J)]. (A2)

Then, the following condition ony*E&+ + :

[l-s(y*)] = wl]y*e~l (A3)

is necessary and sufficient for y* to be a solution to the problem. If it exists,
this solution is the unique positive solution.

Proof: Necessity: Suppose the problem has a positive solution y*.
Then y* is a critical point of n:

[\-s(y*)]-wpy*e-l = O, (A4)

and has a non-negative value:

n(y*) = il/(y*)y* - wy*P>\im n(y)>0. (A5)

Sufficiency: Suppose some positive y* satisfies the first order and non-
negative value condition (A3). Then, 1 -P<s(y*)< 1, so that
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*)2\l/(v)
n"(y*)= - ^ r 2 {e'(y*)y* + [1 -e(y*)][e(y*)- (1 - j

(A6)
by assumption. Hence, n(y*) is a strict local maximum. Suppose n has
another local maximum y in [a, b], with a and b arbitrarily close to 0 and oo,
respectively. As n is C2, the two local maxima must be separated by an
interior minimum at say y, so that n'(y) = 0 (hence s(y) < 1) and n"(y) >0.
Given assumption (A2) on s, it must be the case that s(y) < 1 — /?. But that
implies in fact: Vye]0,j>], e(>>)<l—/?, since by the same assumption
s'(y)>Q whenever e(j)= 1 —/?. So, we must admit that a<y<y<y*, with
7i'(j>)<0. Then (as p<l-s(y))9 we get n(y)=(y/P) [ik(y)P-wpy^1]
< (y/P)n'(y) < 0 < n(y*). We conclude that n(y*) is a global maximum and
that y* is the unique positive solution to the problem. •

Lemma 2: Consider the problem
l w y p } , (A7)

+, and d\@l+ + -+@++ isaC2 decreasing onto

function such that, denoting (5(/?)= TT^> f°r

(A8)

and either P> 1 or ^(^)<^—- =>

(A9)

Then, the following condition ony*e@++, withp* = d~l (y* + f):

w ^ ^ ' (A10)

is necessary and sufficient for y* to be a solution to the problem. If it exists,
this solution is the unique positive solution.

Proof: First, observe that if we identify ij/(y) = d~l(y-\- F), we
obtain:
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Thus, the condition on y* is just the transposition of the first order and non-
negative value condition (A3) of Lemma 1. Hence, it suffices to apply that
lemma to prove the present one, if only we can show that the assumption of
the former is implied by the assumption of the latter. By a simple
calculation we get:

Consider first the case: S(p)< 1. By assumption,

s'(y)y>e(y){\-r,-s(y)[\-d(p)]} = e(y)[\-e(y)]>0 if e(y)<\.
(A13)

Thus, the assumption of Lemma 1 is fulfilled in this case. Now, consider the

case: d(p)>\. By assumption, if either p>\ or d(p)<-—- (otherwise,

e(y)< 1 ~~ P, and e is unconstrained),

ef(y)y>e(y){l-r1-s(y)[d(p)-\][\-(\-p)S(p)]}
= e(y)[\-t1]-[rj-e(y)][e(y)-(l-p)ri]
= (\-rJ)[2e(y)-(\-p)(\+r1-s(y))] (A14)

Again, we see that the assumption of Lemma 1 is fulfilled. •

Proposition 1 (complementarity): Assume intersectoral (non-strict)
complementarity: s<\. Also, assume that the elasticity of intertemporal
substitution a (a C1 function) satisfies, for any 0e$+ +,

(7'(0)0
O<a(0)< 1 and - T ^ - > - [1 -(7(9)1 (A 15)

Then, the first order and non-negative value condition (21) is necessary and
sufficient for y to be the unique positive solution to the producer's problem
(17), with d as defined by (11) and (12).

Proof: By Lemma 2, it suffices to show that assumption (A 15)
implies assumption (A8). Denoting

we have 6= (1 — q)s + qA (see (15)), with A = a<r+ 1 — a (see (13)), so that



130 Claude d'Aspremont et at.

b<\ for any values of p/P and 0, and hence S should always satisfy

-f>S-\. First notice that
o

A'O aa'6 + (xf6((j-\) a<j '0-a(l-a)(l-<r)2

A (A16)
] =

dq p
Also, with elasticity —  - = (1 —  s)(l —  #), we obtain:

dpq

( A 1 7 )

if

= [-A(2-3s) + s(\-2s)]q2+(A-s)(2- 3s)q + s(l-s) (A 18)
=f(q)>0.

That is precisely the case, since/is quadratic,/(0) = s(l—s)>  0,/(l) = 0, and
f(l)=-A(2-3s)-s2<0. D

Proposition 2 (substitutability): Assume intersectoral (non-strict)
substitutability: s>\. Also, assume that the elasticity of intertemporal
substitution a satisfies, for any 6e&+ + ,

l<(T(0)<min{5,l+)8}andt7'(0)>O. (A 19)

Then, the first order and non-negative value condition (21) is necessary and
sufficient for y to be the unique positive solution to the producer's problem
( F>0, and hence n> 1, is required in condition (21) if s= 1).

Proof: Again, by Lemma 2, it suffices to show that assumption
(A 19) implies assumption (A9). We have, in this case:

and hence

5'p q(\-q)(s-\)(s-A) + q2A'
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>l [(1 -q)(s- l)(s-A)-q(A-\)(<j-A)]

>-(5-l)[ l-( l- j8)5]
for (1 - j8)<5< 1, if (since q/S<l)

(\ - q)(s- l)(s- A) - q(A-l)(a-A) + (5-l)[l-(I-P)S]

This inequality is satisfied. Indeed, g is quadratic and, using the assumption
a< 1 +/?, we have for s> 1,

\)(l+ps-A)>P(s- l)2>0, (A23)
g(\)=(A-l)(\+pA-a)>p(A-l)2>0.

If P<1, g is concave, so that g(q)>0 for ^e]O,l[. If /?> 1, using the
assumption <?<s,

(A24)

and we get the same result. In the case 5=1 , since 1 < a <s, so that A(0) = 1,
we have, by_(A21), <5'(0) = O and, by (All) and (A12), sf(y)y = (\-rj)
s (y) > 0 (for 7 > 0 and hence rj < 1). Thus, condition (A2) is always satisfied
and we can directly apply Lemma 1 in order to complete the proof. •

Lemma 3 (symmetry in quantities): Any temporary equilibrium is
symmetric in quantities, inside each sector k=\,...,m, relatively to the
active firms: yfc = yfj for any i andy in the same sector k, such that yft > 0 and

Proof: Consider the first order necessary condition (A 10), and
notice that it must be verified in equilibrium by any active firm for the same
price p* and with y*+ Y=d(p*). The left-hand side of the equation is
decreasing in y* and the right-hand side is non-decreasing in the same
variable if /?>1. Thus, there is at most one value of y* satisfying the
condition, the same for all active firms. The argument does not however
apply to the case ft < 1. Suppose in this case that the first order and non-
negative value condition (A 10) is verified by two outputs j> and y\ such that
0<y<y'. Dividing both sides of the equality which expresses for y the first
order condition by the corresponding sides of the y' equality, we obtain:

l-y/S*d*
\-y'l8*d*

(A25)
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with <5* = S(p*) and d* = d(p*). Non-negativity of the profit resulting from
y imposes:

l-i?<^=^L (A26)

or

l —  p—  (y/y')^~ P(y/y )2 ~^^ 0. (A27)

The derivative with respect to y/y' of the expression on the left-hand side of
this inequality, —  1 + /?(2- P)(y/yr)l~p, is negative since y/y' and /?(2 —  p)
are both less than 1. Thus, as y/y' < 1, that expression is always positive, and
we get a contradiction. •

Lemma 4: In the substitutability case, under the assumptions of
Proposition 2, the elasticity of the symmetric marginal revenue function
p'p/p is larger than the propensity to consume a. As a consequence, in this
case and with non-increasing returns, the elasticity of the firms' reservation
wage function co'fp/cofis always larger than the elasticity of the labourers'
reservation wage function <

Proof: From (28) and (30),

% = ( j 8 - l ) z l + ^ - / » « = -'/>,  (A28)
(Of p CO,

if p> 1 and p'p/p><x. But, using (15), (26) and (A20),

EL A'6 >x ma(l-a)((T-l)2

p Pp P md(nS-l)~ [(m
(A29)

Now, observe that the denominator of the last term in this expression is
equal to

- 1)+ (A - l) + m][n(m- l)(s- \) + n(A - 1)+ (n- \)m]
>m(A-\){s-\). (A30)

Indeed, all terms in the left-hand side are non-negative, so that the
inequality results from the fact that the coefficient of the term with
{A —  \){s— 1), 2n{m—  1) is not smaller than m (as m>2). Strictness is a
consequence of either s>\ (so that n(m— 1) 2(̂ — l) 2>0) or n> 1 (so that
m\n- l)>0). Since A - \=OL(G- 1) and a<s by assumption, we obtain
from (A29) and (A30):

= ^ = «  (A31)
1)
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if cr>l, and

— P>\>OL (A32)
P

if (7=1. •

Proposition 6 (monotonicity): In the substitutability case, as char-
acterized by Proposition 2, and under decreasing returns, there only exist a
stationary equilibrium and, possibly, a continuum of equilibria with
explosive inflation, associated with any 0oe]O,l[. Let v and v be defined as
follows:

1 lim {[1 - 1//I5(
°^° (A33)

• If 0 < v < v, full employment prevails in all intertemporal equilibria. The
inflationary equilibria exist if and only if lim a(0)= 1.

• If v< v< v, the stationary equilibrium has full employment. The infla-
tionary equilibria exist and are characterized by eventually declining
output.

• If v< v, underemployment prevails in all intertemporal equilibria. The
inflationary equilibria exist and are characterized by declining output.

Under constant returns, the proposition applies to the case: 0<v<v. No
equilibrium exists if v < v. If v = v, there exists a stationary full employment
equilibrium and a continuum of stationary underemployment equilibria. If
v<v<v, there exists a full employment stationary equilibrium, a conti-
nuum of equilibria with constant inflation and declining output, and a
countable infinity of inflationary equilibria with increasing inflation and
full employment in a finite number of periods, constant inflation and
declining output thereafter.

Proof: We have seen on pp. 113ff. that the dynamics can be defined
forwards, in full employment and, if ft > 1, in underemployment, by explicit
functions, <PFE and <PUE respectively, which are increasing, have 1 as their
unique fixed point, and have at this point derivatives larger than 1. Hence, a
sequence (0,),e^ associated with any 0O> 1 and determined by successive
iterations of &FE or <PUE will monotonically diverge, whatever the regime,
implying that the corresponding sequence of prices converges to 0. But this
is incompatible with the upper bound imposed by labour availability on
output. Thus, all non-stationary equilibria start at some 0oe]O,l[ and are
necessarily inflationary, with 0, converging to 0 (since the stationary
equilibrium is unstable, and no fixed point exists in ]0,l[).
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Now, consider the different cases associated with the potential values of
v. If v < v, the firms' reservation wage is larger than the workers' reservation
wage at any 0, since [1 - l/n8(l, 0)] U*(6) is increasing (by Lemma 4, it has
elasticity p'9/p —  (x>0). Hence, full employment prevails for all 0, so that
for /? > 1 and for any 0O e ]0,1 [, the sequence (<PFE (0O ))t e ̂  of the images of 0O
by the successive iterates of &FE clearly characterizes an equilibrium if
lim a(0) = 1. Otherwise, the function &FE is not defined over the whole
0-0

interval ]0,l[ (as one can easily check by looking at the difference equation
characterizing full employment dynamics), and the stationary equilibrium
is the only intertemporal equilibrium.

For v > v, we can use the value 0(v) of the real interest factor that
equalizes the two reservation wages at full employment:

v= (l/pXL/mny^-'ll - l/nd(l,6(v))]U*(e(v)l (A34)

with a function 0 which is increasing and verifies 9(v)=l. If v>v,
underemployment prevails for any 9 < 1, since the right-hand side of this
equation is increasing in 0. We can express, for p > 1 and using the equality
of firms' and workers' reservation wages, the output yt as an increasing
function of 9t:

yt = \j-v [1 - l/n8(l,0t)]U*(0t)\~\ (A35)

If P = 1, so that $(v) > 1 is the only value of the real interest factor that is
compatible with the equality of the two reservation wages, no equilibrium
can exist. But if /?> 1, the sequence ( ^ ^ ( ^ o ) ) ^ ^ of the images of 60 by the
successive iterates of <PUE characterizes an equilibrium with explosive
inflation and declining output, for any 0oe]O,l[. Contrary to <PFE, the
function <PUE is indeed always defined on the whole interval ]0,l[. This
results from: lim cof (6,1 )0l"^(fl, 1) = 0 (implying lim cof (0,1 )/col(0,1) = 0),

0^0 0->O

or equivalently from: lim [(l—a(0)y~ lU*(d)], which is always true,
0-0

because either lim oc(6)=\ or lim £/*(0) = O. To see this, suppose that
0-0 0-0

lim [£/*''(0)0/U*(6)] = lim [l-a(0)]e]O,l[ (implying lim (T(0 )=1 ) , with
0-0 0-0 0-0

lim U* (0) > 0. Then we get lim U*' (9)6 e ]0, oo [ and, by applying L'Hospi-
0-0 0-0

tal's rule, lim U*f(9)9= - l im U*"(9)92, so that lim U*"(9)9IU*'(9)= - 1 .
0-0 0-0 0-0

But

lim t/*//(0)0/t/*/(0) = H m [ -
0-0 0-0
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and we obtain a contradiction.
Finally, if v < v < v, any value of 6t will be associated with full employment

in period t if 6t>6(v) and with underemployment if 6t<6(v). Also, if
0t<6(v), we can apply the underemployment dynamics, since we then get:
^uE^t)< ®t^ #(v)- Full employment dynamics can however only be used if
6t> <PpE

l (0(v)), so that if 6(v) <0t< <PEE
l (0(v)), we must consider the transi-

tion from the full employment in period t to the underemployment regime
in period f+1 . From the equalities L= (mn)l~pD(pppt+iy and
cOf(pt+i,Pt+2) = coi(Pt+\>Pt+2) ( s e e Proposition 3), we straightforwardly
obtain the difference equation:

£ v^r i i 1FT

Both the left- and the right-hand sides of this equation are increasing in the
real interest factor, so that forward dynamics are well defined in the interval
[0(v), $EE (8(v))], and can be described by a function <PT such that <PT(6(v))
= ^t /#(v)) and <PT

O&FE\6(V)) = 0(V) = <PFE°<PEE\0(V)\ as can be easily
checked from (A36) and the corresponding difference equations for the two
pure regimes (see also (A34)). We thus obtain a continuous increasing
function <P, which coincides with <PUE in ]O,0(v)], with &T in
[9(v),&EE

l(O(v))l and with ^ i n [ ^ ( 0 ( v ) ) , l ] (see figure 5.5). Since this
function has no fixed point in ]0,1 [ any sequence starting in this interval and
determined by the successive iterations of <P converges to 0 and character-
izes an equilibrium with explosive inflation and declining output.

If p= 1, the only admissible value of 9 in the underemployment regime is
6(v). A continuum of equilibria results from the possibility of taking
60 = 9(v) with any p0 at least as high as the full employment price
corresponding to $(v). A transition between regimes is still possible, if
6t=0EE

l(6(v)), so that an equilibrium may start with full employment at
any 60 = &FE(9(v)), for any ksJf. We obtain inflationary equilibria, with
full employment in a finite number k + 1 of periods, and declining output
afterwards. Inflation is constant once the underemployment phase is
attained. •
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1. See, for example, Gordon (1990) or Mankiw and Romer (1991).
2. See the recent surveys of Dixon and Rankin (chapter 2, this volume) and

Silvestre (1993, 1994).
3. This is already the case with Hart (1982), where the presence of an oligopolistic

labour market is a necessary condition for the occurrence of unemployment.
But the same kind of remark applies for instance to the more recent work of
Jacobsen and Schultz (1991) or Schultz (1992), transposing Hart's framework
to overlapping-generations models.

4. Examples are Blanchard and Kiyotaki (1987) and Ball and Romer (1991).
5. See AkerlofandYellen (1985b).
6. For a presentation of this concept, see d'Aspremont et al. (1991b).
7. The importance of changes in mark-ups, induced in particular by changes in

aggregate demand, as a source of endogenous fluctuations and other macro-
economic phenomena, has been stressed by Rotemberg and Woodford (1991,
1992, 1993). See also Portier (1994).

8. We do not rely on fixed costs to incorporate increasing returns in the model, as
much of the related literature (of which Weitzman, 1982, Blanchard and
Kiyotaki, 1987 and Rotemberg and Woodford, 1992 are but a few examples).
Neither do we consider free entry equilibria, as this literature in general does.

9. See, for instance, Cooper and John (1988). Multiplicity of equilibria related to
demand conditions has already been considered by Heller (1986). Multiplicity
due to increasing returns to scale of production or market participation is
present, for example, in Kiyotaki (1988), Chatterjee and Cooper (1989) and
Manning (1990).

10. See Grandmont (1985) and Guesnerie and Woodford (1992).
11. The influence on unemployment of a negative marginal revenue has been

analysed, in the context of different models, by d'Aspremont et al. (1984,1989a,
1989b and 1990), Dehez (1985), and Silvestre (1990). The main results concern
'cooperation', not 'coordination' problems, if we adopt the classification
introduced by Silvestre (1993). Both problems appear however in d'Aspremont
et al. (1990). The corresponding results in an overlapping generations model,
which may be associated with endogenous fluctuations, are given in d'Aspre-
mont et al. (1991a).

12. See d'Aspremont etal. (1991b, 1992). An alternative assumption, leading to the
so-called Cournot-Walras equilibrium (Gabszewicz and Vial, 1972), would
make the producer conjecture the quantities produced by all other firms,
whether in the same sector or not, implying that the whole system of sectoral
demand functions is used to compute the inverse demand function.

13. The Cobb-Douglas case (s= 1) is discussed on pp. 104-5 below.
14. By imposing, for instance, that, for any 0e^£++, s<a>(9)< 1 (in the comple-

mentarity case), or 1 <a(0)<s and (1 — fi)s< 1 (in the substitutability case).
15. This is an avowedly improper term, meaning in fact the wage that sustains/?* as

an output market equilibrium. It appears however that transactions in the
labour market proceed, as we should expect, until the firms' reservation wage
(the buyers' reservation price) becomes smaller than the workers' reservation
wage (the sellers' reservation price), or until labour endowment is exhausted
(see Proposition 3).
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16. There are other early and independent references in the second class, for
instance Mankiw (1985) or Svensson (1986).

17. However, Mankiw (1985) considers monopolistic behaviour in the output
markets, with a competitive labour market. Subsequent models of Ball and
Romer (1990) or Dixon (1987) also stress, at least in a first stage, product
markets imperfections (with suppliers setting prices of differentiated goods, or
playing Cournot on the basis of conjectural variations, respectively).

18. A temporary monetary equilibrium framework with explicit intertemporal
decisions and expectations formation is used, in the context of Hart's (1982)
model, by d'Aspremont et al. (1984, 1989a, 1989b) and Rankin (1992, 1995)
and, in the line of Weitzman's (1985) model, by d'Aspremont et al. (1990).

19. See d'Aspremont (1989a, 1989b, 1990,1991a). Lack of separability or homoth-
eticity in the consumers' preferences, just as inexistence of a representative
consumer, should not prevent us from taking Ford effects into account, even if
the construction of an objective demand appears more complex in that case: see,
for instance, Benassy (1987).

20. However, some recent macroeconomic overlapping-generations models intro-
duce imperfect competition in output markets, whether in a Cournotian
approach, as Schultz (1992), or under monopolistic competition, as Benassy
(1991a, 1991b), or both, as d'Aspremont et al. (1991a).

21. As already mentioned in the Introduction, we do not impose the number of
products to be very large, as we should in a model of pure monopolistic
competition. By considering Cournotian competition instead, close substitutes
may be subsumed in the same sector, and the number of sectors may
accordingly be kept relatively small.

22. Substitutability is of course not the only way to ensure uniqueness. Hart (1982)
uses (together with non-increasing returns) the assumption of an increasing
marginal revenue function p and the absence of labour disutility, so that

23. As one can easily check, the constants in the reservation wage functions, are:
if M T^f m/n ~| vP]~a

B —  —  I — —  1 —  a n d A = — r—;.
B\ ( 1 —  cnmn \ (m—\)s+\  a ( 1 —  a)

i i i _ i

24. The graphs in figure 5.2 have been plotted for the parameter values: a = 0.75,
0 = 0.25, A = 1 (entailed for instance by P = 0.75 and v~0.612), B= 1 (corres-
ponding for instance to n—  1, m = 20, 5 = 4/3 and M~ 5.265), and /?** = 0.5
(resulting, given the other parameter values, from L~ 24.093).

25. By applying the same type of argument, based on an elasticity of the workers'
reservation wage function larger than the elasticity of the firms' reservation
wage function, at least for arbitrarily high prices, the previous result may be
extended, under supplementary assumptions, to the complementarity case.

26. We are using the same type of assumption as Heller (1986).
27. In the two equalities, we use the fact that, for a < 1, a increases with 9 from 0 to

1, so that A tends to 1 when the price tends to 0, to the same limit as a when the
price tends to infinity. Only if a converges to 1 for a price tending to zero
(infinity) can the limit of a be larger than zero (smaller than 1), but A will still
have the stated limit, 1 (the same as a), in that case.
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28. The graphs in figure 5.3 correspond to the case of a CES utility function with
o = 0.5 and a discount factor for future consumption y = 0.81. Other parameter
values are 5 = 0.15, v~0.0108, m=10, n = 5, 0 = 1 , P = 0.5 and p** = 0.1
(resulting from M/L~ 0.0668).

29. See (A16) in the appendix (proof of Proposition 1).
30. The price sequence (pt) is monotonic in the substitutability case because 6t

cannot switch from ]0,l[ to ]l,oo[ or vice versa. On the contrary in the
complementarity case 0t, when different from 1, takes alternatively values in
each one of the two intervals, so that prices are alternatively increasing and
decreasing.

31. Indeed, using the equality OL'6 = OL(\ — a)(l — c), it is easy to calculate: a(0)
= [1 +e(0)]-\ with e(6) = 6~l exp f (a(6)/6)d6. Hence, from lim a(0)e]O,l[, so

0->O

that (using L'Hospital's rule) lim <?(#) = lim [<?(0)<r(0)]e]O,oo[, we obtain
0^0 0^0

l im <j(0) = 1 .
0^0

32. The first possibility has been shown in d'Aspremont et al. (1991a).
33. Existence is also compatible with constant returns if marginal revenue is

positive at ff(y), as defined by (59).
34. A simple example, with a decreasing demand elasticity, is given by a CES

intertemporal utility function, with elasticity of substitution a<m/n
— (m—\)s<\ and a discount factor for future consumption y such that
ya< [m/n - (m - \)s- a]/[l - m/n + (m - \)s\.

35. A simple example is given in d'Aspremont et al. (1991a).
36. Indeed, the stationary state is unstable in the full employment dynamics if

A (1) > 1/2 (see (49)), and any sequence of real interest factors generated by (48)
would be unbounded, since it cannot converge to a cycle. But (48) does not have
a solution in 6t+] for a too large 6t since lim [0(1 -a(0))] belonging to ]0,l[

0->oo

implies lim a(6) = 0 (as can be seen using L'Hospital's rule and the equality
0^00



Macroeconomic externalities

Andrew John

Introduction

In recent years, researchers have made a great deal of progress in the quest
for Keynesian models with rigorous microeconomic foundations. It is now
well understood that macroeconomic models incorporating imperfect
competition or search frictions can give rise to 'Keynesian features', such as
inefficiency, multipliers and coordination failures, without recourse to
unexplained price rigidities. The seminal contributions are Hart (1982) for
models with imperfect competition, and Diamond (1982) for search
models.1

The ability of both types of model to exhibit Keynesian features can be
understood in terms of an underlying structural similarity: both imperfect
competition and search in macroeconomic models lead to strategic
complementarities.2 But this similarity does not imply that the models are
perfect substitutes, either in terms of interpretation or in terms of the
questions that they can address. Search frictions are particularly plausible
in labour markets, and allow for explicit discussion of unemployment.
Imperfect competition, conversely, is appealing for analysis of output
markets; some empirical work supports this view.3

Thus it comes as no surprise - indeed it is desirable - that researchers
continue to investigate both paradigms. It is perhaps more surprising that
these two branches of the literature still coexist in relative isolation from
one another. One goal of the current work is to facilitate communication
between these approaches by further identifying some of their formal
similarities and substantive differences in a framework where both distor-
tions can be understood as a source of externality. Noting that some studies
in the literature discuss their results intuitively in terms of'macroeconomic
externalities', a second aim of the chapter is to suggest how this intuition
might be formalized.4

Apart from the intellectual satisfaction of identifying similarities
between apparently diverse areas, there may be more concrete payoffs.
When mappings are made from one line of research to another, it is possible

139
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to import results, preventing the rediscovery of the wheel and perhaps
generating new insights. Related to this, the identification of formal
parallels improves dialogue among researchers: search and imperfect
competition models appear dissimilar in part because they use different
terminology to describe related phenomena. Perhaps most importantly, if
both avenues of research have attractions, then models incorporating both
effects may be desirable, and there is then a need for analysis applicable to
both market and non-market interactions between agents.5

The basic framework is established in the second section, elaborated in
the third section, and applied in the fourth section to strategic market
games, imperfect competition under quantity-setting and price-setting, and
search. The fifth section contains concluding comments.

The basic framework

Preferences and endowments
Consider the following characterization of an exchange economy. There
are IN agents: / agents in each of N sectors. Denote the set of agents in
sector n as /„. There are N+ 1 goods, indexed by n = 0,..., N. Throughout
the chapter, agents and the sectors they inhabit are identified by subscripts,
while goods are identified by superscripts. Agents have initial endowments

co™>0, m = 0,n; all /, n, m.
That is, agents are endowed with good zero and the good associated with

their own sector. They therefore supply the good of their own sector and
demand the goods of other sectors.6 Good zero is taken as the numeraire; its
main purpose is to facilitate the accounting. The presentation of the basic
framework is simplified by a number of symmetry assumptions, although
most of the results derived in the chapter do not rely on symmetry. Under
symmetry, ca™ = a>, all z, m, and cofm = a)0.

All agents have preferences defined over their consumption of the N+ 1
goods which can be represented by a continuous, differentiate, and quasi-
concave utility function:

Assume that this utility function is unchanged by a relabelling of all
goods except good zero and good n for an agent in sector n. That is, the
goods of all other sectors enter symmetrically into the utility
function.7Also, assume this utility function is identical for all agents, up to a
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relabelling of sectors. Again, these symmetry assumptions are not essential
for most of what follows.

More generally, it could be the case that agents' preferences are defined
over the consumption of all goods by all agents, so that agent i in sector n
has preferences given by

77/7.O N. 0 N 0 N x

j^i^ m^n. The first N+ 1 arguments in this utility function represent the
agent's own consumption, while the arguments after the semicolon are the
consumption of other agents in sector n, and other agents in all other
sectors. The arguments after the semicolon correspond to the familiar
external effects of microeconomic theory and are a feature of the primitives
of an economy: once the set of commodities is defined, it is possible to
establish the presence or absence of such externalities simply by examining
the preferences. That such externalities depend upon the commodity space
was noted by Arrow (1969), who made the simple but elegant argument that
it is possible to define a market for any given externality; if all external
effects are priced, then the standard results of equilibrium theory apply.8
The focus of the current work is explicitly not on such externalities. Instead,
the emphasis here is on external effects that arise from the institutions of
trade - again, once the commodity space is specified.

Allocation mechanisms
The reallocation of goods in this economy is governed by an allocation
mechanism that maps from agents' strategies into reallocations of goods.
Specifically, suppose that agent / in sector n controls an TV-element vector of
strategies sin = {s£},m=\,...,N. That is, there is a strategy associated with
each good except for the numeraire. Sometimes, it is helpful to interpret
these strategies as supplies and demands. An allocation mechanism is a
collection of continuous and differentiable functions that determine the
allocations of all goods to all agents, as functions of the strategies chosen by
all agents. Thus, in general, a mechanism is a collection of (N+ 1) functions
per agent (or Nix (N+ 1) in total), each of which possesses /TV2 arguments.
For example, for agent 1 in sector n,

= {a™(sin,sjn,skm,shr)}.

This agent's allocation of good m depends, in general, on her own choice
of strategies (sin), on the strategies of other agents in her sector ($yn), on the
strategies of agents in sector m (skm), and on all other strategies (shr).
Assume that this allocation function is symmetric.9
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Agent fs consumption is then given by

At this point the precise nature of a mechanism is left intentionally vague;
in particular, a mechanism might be a reduced form representation of a
game that involves a number of stages and other strategic or non-strategic
decisions.

An allocation is feasible if ]T £ <z™< 0, all m = 0,. . . , N. An allocation is

just feasible if this condition holds with strict equality for all m. An
allocation is attainable under a given mechanism if there is some set of
strategies that result in that allocation. A mechanism is feasible if all
allocations attainable under the mechanism are feasible.10

The allocation mechanism and utility functions can be combined to form
continuous and differentiable payoff functions for each agent:
Gin{sin,sjn,skm).n (The payoff function also obviously depends on the
endowments of all agents; this dependence is suppressed for the sake of
clarity.) The economies analysed below are thus fully described by endow-
ments, preferences, and an allocation mechanism. Since the chapter focuses
on non-cooperative behaviour, the equilibrium concept adopted is Nash.

Although an agent's payoff function possesses IN2 arguments in general,
the symmetry assumptions on the utility and allocations functions imply
that these can be grouped into seven subsets, the members of which enter
symmetrically into the payoff function. Write

Interpreting strategies as demands and supplies, this implies that the
payoff of agent / in sector n depends upon: her own supply of good n (1
element); her demands for other goods (N— 1 elements); her competitors'
supply of good n (I— 1) elements; her competitors' demand for all other
goods ((/—1)(JV—1) elements); all other agents' demands for good n
(I(N— 1) elements); all other agents' supplies of goods (I(N— 1) elements);
and all other strategies (I(N— l)(N—2) elements). In many of the examples
below, matters are even simpler (for example, there is normally no need to
distinguish between s™ and sr

km).

Externalities

Mechanism externalities

To keep the exposition simple, this section treats the strategy of an agent,
sin, as a scalar rather than a vector. Each equation derived below should
more properly be viewed as a vector of equations.
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Although the framework established thus far explicitly rules out the
standard consumption externalities of microeconomic theory, whereby one
agent's consumption directly affects another's utility, interdependencies
between agents remain. Define a mechanism externality to arise whenever
one agent's strategy affects the allocation of another agent:

Mechanism externality: dakJdsin^0, m^n, or m = n and k^i.

Since consumption externalities are assumed absent, a mechanism externa-
lity must be present if one agent's strategy affects the payoff of another
agent:

Mechanism externalities capture at least some of the features of external
effects in recent macroeconomic models. The idea behind such externalities
is that the institutions governing exchange give rise to interdependencies
absent in the primitives of the economy. There is of course no presumption
that the presence of mechanism externalities implies any inefficiency in the
allocation of resources. For example, interdependencies arise through the
price system in a Walrasian economy. But in many recent macroeconomic
models, the institutions of trade and exchange are a source of inefficiency.
For mechanism externalities to be a useful analytical construct, it is
therefore necessary to isolate when interdependencies give rise to
inefficiency.

An allocation is efficient if no feasible allocation Pareto dominates it, and
an allocation is constrained efficient if no attainable allocation Pareto
dominates it. As this chapter is concerned with the properties of mechan-
isms of exchange, the main focus throughout is on constrained efficiency. A
constrained-efficient allocation can be characterized as the solution to a
planner's problem, where the planner faces the same mechanism as the
agents, but can dictate all agents' strategies. The planner solves

The set of constrained-efficient solutions is obtained by varying the weights,

The first order conditions from this planner's problem are

(1)
These equations constitute a set of necessary conditions for constrained
efficiency of an allocation.12
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Lemma: If (i) the planner weights all agents equally; or (ii) the
utility functions, allocation functions and endowments are symmetric and
the planner restricts attention to symmetric strategy choices; or (iii) the
planner can effect transfers of numeraire and utility is normalized appro-
priately; then a necessary condition for a Nash equilibrium of this model to
be constrained efficient is

Proof: The first order conditions for individual agents in Nash
equilibrium are

so the necessary conditions for the planner's problem reduce to

in/ m k

(i) If the planner treats all agents symmetrically, then Xin —  kkm = X, ally, k,
m, «, and the result is immediate.

(ii) Summing the planner's necessary conditions yields

j \CSinJ m k

These terms can be rearranged to yield

m k

Given symmetric choices of strategies and given the symmetry of the utility
function and the allocation mechanism,

SSkn

and the result follows.
(iii) Let tin denote the planner's transfer of the numeraire to agent i in

sector «, so  crin = (jin(sin,sjn,skm;tin).u The planner chooses these transfers
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subject to the constraint that £ £ lm = 0, yielding the additional first order
conditions ' n

where \i is the multiplier on the constraint. The planner therefore chooses
transfers such that the marginal utility of the numeraire for each agent is
inversely proportional to the weight placed on that agent in the planner's
social welfare function. Thus

But, without loss of generality, utility functions can be normalized at the
given allocation such that dojdtirn and hence Xin, is constant for all /, n. The
result follows. •

The Lemma establishes

as a necessary condition for efficiency in a number of cases. The condition
simply states that the aggregate mechanism externality associated with a
change in agent f s strategy must equal zero. The Lemma essentially
presents conditions under which it makes sense to sum the externalities in
this way.

Case (i) is obvious because the planner, by assumption, treats all agents
symmetrically. Case (ii) applies when there is sufficient symmetry in the
model: if the planner can choose only symmetric allocations, and given
sufficient symmetry, then the planner again ends up treating all agents
symmetrically.14

The interpretation of case (iii) is a little more delicate. The fourth section
of the chapter examines the equilibria of a number of different models and
considers whether or not the necessary conditions for constrained efficiency
(1) are satisfied. If, given an equilibrium allocation, there exist some {Xin}
(the weights on utility) such that (3) hold, then (1) are satisfied. Case (iii)
suggests that a natural set of weights to examine is given by the inverse of
the marginal utility of the numeraire, as in (4). But, of course, even if (4) are
not satisfied, there could still be other weights on utility such that (3) hold.
In other words, (4) are sufficient for (1) to hold, but not necessary for (1) to
hold. If, however, the planner has access to transfers of the numeraire, then
(4) are necessary and sufficient. (One interpretation of (4) is that they
identify conditions for the absence of actual Pareto improvements if the
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planner can effect compensating transfers, and for the absence of potential
Pareto improvements if the planner cannot.) Finally, given an equilibrium
allocation, one can without loss of generality normalize utility functions
such that all agents have identical marginal utility of the numeraire at that
allocation, in which case (4) is equivalent to (2) given in the Lemma.15

The key observation is that efficiency does not require that mechanism
externalities should be absent, but merely that they net out in the
aggregate.16 The remainder of the chapter makes extensive use of this
observation. Define

Distributional externality: Y ( ^ l + Z Z (^T^) = o> a11 U n,
j \ d s i n ) m k \ d s i n )

and YJ do>m/d^-n^O, some /, «, k, m; /, n$H;
k,meH

Real externality: Y ( ^ V z Z f ^ V ° > some U n.
j \ d s i n ) m k \ C S i n )

There is a real externality associated with an agent's strategy if it results in a
net change in the utility of others. There is a distributional externality if the
change in strategy does not lead to a net change in total utility, but does
affect the aggregate utility of some subset (H) of other agents. The idea is
simply that external effects result sometimes in efficiency gains or losses,
and sometimes in redistribution (for example, movements along the Pareto
frontier).17

The intuition behind real and distributional externalities is straightfor-
ward, and provides a motivation for the framework adopted here: when
there are no real externalities, agents acting in their own self-interest behave
as a planner would wish. The planner cannot obtain any net improvements
in utility by adjusting strategies in the neighbourhood of equilibrium. Note
that the result requires only that there be no real externalities in
equilibrium.

Pecuniary externalities

The literature on externalities has long recognized that there is a danger in
associating interdependency and externality because, as already noted, not
all interdependency is a sign of inefficiency. In the literature, such topics are
often discussed under the heading of 'pecuniary externalities'. The term is
avoided for the most part in this chapter because there is no apparent
professional consensus on its meaning.



Macroeconomic externalities 147

If one reads, for instance, Bohm (1987) or Graaff (1987) in the New Palgrave
Dictionary, one is left feeling that the term 'pecuniary externalities' has never had a
clear, generally accepted meaning. (Silvestre, 1991)

Indeed, Silvestre identifies four different usages in the literature.
In particular, some authors apparently use the term 'pecuniary external-

ity' for those interdependencies that are not 'real' - that is, not a source of
inefficiency - while others apparently use the term for any interdependency
operating through prices - which in some cases can be a source of
inefficiency.18 While these two notions are closely related, they are not the
same. Greenwald and Stiglitz (1986) and Laffont (1987), among others,
have correctly noted that externalities operating through prices will in
general have real consequences in economies where prices play more than
an allocative role (as can occur, for example, under imperfect information).

One interpretation of the current chapter is that it generalizes these ideas
of pecuniary externality to both market and non-market settings. The
fourth section examines when interdependencies through prices do or do
not give rise to inefficiency and likewise examines when non-market
interdependencies do or do not give rise to inefficiency. The discussion here
is perhaps in the spirit of Graaff's (1987) suggestion that 'clarity would be
served by... speaking instead of technological interdependence (of produc-
tion functions) on the one hand, and market independence (via the price
system) on the other'.

As the analysis thus far has been in terms of abstract mechanisms, it is
necessary to be precise about the interpretation of a 'price' in this setting.
For future reference, let/?m be the price of good m in terms of the numeraire
if, for every agent, the mechanism allocates — pm units of the numeraire to
the agent for every unit of good m. Thus, if all goods have associated prices,
ali= ~Z^W*C> a^ *> n- A mechanism with this property forces agents to

m

satisfy their budget constraints.19

Macroeconomic externalities
Some recent work on the microfoundations of macroeconomics has
interpreted Keynesian phenomena in terms of a macroeconomic externality
arising from imperfect competition or search. Interpreting Keynesian
economics in terms of externality is not new.20 Like 'pecuniary externality',
however, the term 'macroeconomic externality' apparently has no clear
definition in the literature (see Silvestre, 1991, for some discussion).
Macroeconomic models with search or imperfect competition have at least
two features in common: the underlying distortion in the economy comes
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from the institutions governing trade, be they markets or matching
processes, and the models are general equilibrium.

The notion of mechanism externalities introduced in this chapter
provides a framework for analysing models with such features. In particu-
lar, the following section uses the framework to show that models of search,
imperfect competition under price-setting, and imperfect competition
under quantity-setting, are all characterized in general by real mechanism
externalities. Such externalities therefore provide a means to highlight both
the similarities and the distinct features of these models. This chapter thus
provides a framework for thinking in a rigorous way about macroeconomic
externalities.

The chapter does not claim, however, that mechanism externalities and
macroeconomic externalities are the same thing. The aim here is not to
provide a definition of macroeconomic externalities, but it seems reason-
able to suggest that any candidate definition should probably include both
notions mentioned earlier: a macroeconomic externality is one that arises
from the institutions of trade and has a general equilibrium element.
Mechanism externalities as defined here, however, can and in some cases do
include external effects that have no particular macroeconomic (that is,
general equilibrium) implications. Indeed, it is shown below that such is the
case in a general equilibrium model of imperfect competition under
quantity-setting. A definition of macroeconomic externality might there-
fore include the provision that the external effect be mediated through some
aggregate variable, such as aggregate demand (see, for example, Blanchard
and Kiyotaki, 1987 or Shleifer and Vishny, 1988).

Finally, this chapter certainly does not advocate that mechanism exter-
nalities necessarily provide the best way of thinking about search, imperfect
competition, or other market failures. The claim is much more modest:
imperfect competition and search can sometimes usefully be interpreted in
terms of externalities, and this may aid our understanding of certain
macroeconomic models.

Externalities from search and imperfect competition

This section of the chapter shows that imperfect competition and search
give rise to mechanism externalities. Five mechanisms are presented. The
first, provided primarily for motivation, is a simple Walrasian mechanism
in which no mechanism externalities arise. The second is a strategic market
game, which does exhibit mechanism externalities in general. These are
followed by two general equilibrium models of imperfect competition: in
one, suppliers choose the amount of goods that they wish to supply to the
market and prices are determined by demand in competitive markets; in the
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other, suppliers set prices and quantities are determined by demand in
competitive markets. In the final mechanism, trading frictions imply that
agents must expend resources to find a trading partner. They search and, if
matched, engage in mutually beneficial exchange.

The remainder of this section sets out each mechanism and shows the
presence or absence of mechanism externalities.21 In each case, the analysis
proceeds by characterizing an equilibrium allocation (that is, it is assumed
that individuals' first order conditions are satisfied) and looking for the
presence of mechanism externalities at that allocation. Without loss of
generality, utility functions are normalized throughout so that all agents
have marginal utility of the numeraire equal to one at the allocation under
consideration.22

A Walrasian mechanism

Consider the following mechanism: for all /, n,

m=\

Here, the prices {pm} are taken as parametric by all agents, and the
mechanism is constructed so that agents satisfy their budget constraints.

Suppose that the pms are the Walrasian prices - that is, the prices that
would be called out by the Walrasian auctioneer. Then it is evident that the
game with this mechanism has a Nash equilibrium that yields the Walrasian
outcome.23 The game does not exhibit mechanism externalities, because
each agent's strategies have no effect on others' allocations. Unfortunately,
this is not a feasible mechanism. While the Walrasian allocation is feasible,
there are many other choices of strategies that would imply infeasible
allocations.

In real economies, feasibility evidently cannot be violated. If the
demands and supplies expressed by agents are not mutually compatible,
then something has to give. There are at least three possibilities. First, given
quantities, prices may adjust to ensure market-clearing. Second, quantities
may adjust at given prices. Third, feasibility may be guaranteed by agents'
trading on a one-on-one basis. All these possibilities arise in the following
subsections.

Imperfect competition: strategic market games

Mechanism externalities can be illustrated simply in strategic market games
of the type developed and analysed by Dubey, Shubik and others.24 These
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games also provide a useful introduction to macroeconomic models of
imperfect competition. In a strategic market game, agents' strategies are
bids and offers, which can be interpreted as supplies and demands.

Assume that there are two sectors (N= 2), denoted by 1 and 2. Strategies
represent supplies: agent / in sector 1 supplies good 1 (s}x > 0) and demands
good 2 (sf{ <0) . The terms on which agents eventually trade depend upon
the relative supplies and demands by agents on each side of the market. The
allocation mechanism is:

4 = -slip1

ak2 = ~~ Sk2

Strategic market games ensure feasibility by a suitable definition of prices.
Specifically, prices are given by the ratio of total demand for the good to
total supply of the good. Let Sn

m equal the total effective supply of good n by
agents in sector m;n,m=l,2. That is,

Now define

pl=-S\IS\;

It is easily confirmed that this mechanism satisfies feasibility. Note also that
pl and/72 do satisfy the definition of prices from p. 147. This mechanism will
in general imply the existence of real externalities, as the following
proposition shows.

Proposition 1: In this strategic market game, in equilibrium, (1) an
increase in an agent's strategy variable imposes negative externalities on
agents in the same sector and positive externalities on agents in the other
sector; (2) agents impose real externalities in general; (3) when the number
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of agents in each sector is large, agents impose distributional externalities in
symmetric equilibrium.

Proof: (1) Suppose that agent / in Ix changes her strategy with
respect to good 1:

dU

using the normalization of the utility function.

dsj

sl
k2 \f-pl

(This derivation uses the first order condition from agent A:'s optimization
with respect to s\2\ dU/dal

k2 =p\dU/da^2)=p\)
(2) Summing the external effects across all agents yields

L 3 i P -3 i
k CSi\

(3) In symmetric equilibrium,

k CSi\
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In the limit as /->oo, it follows that

k K P'

Analogous results hold for changes in the other strategy variables. D
By increasing the supply of good 1, and therefore reducing its price, agent

i in sector 1 imposes a negative externality on other agents in sector 1, and
bestows a positive externality on agents in sector 2. These externalities do
not in general sum to zero. The reason is that agent /possesses some market
power, and so internalizes some of the effect of the change in the price of
good 1. Imperfect competition therefore provides one example of a real
externality that arises from changes in prices (a real pecuniary externality),
and the inefficiency of imperfect competition can be interpreted as a
consequence of this externality. Only when the number of agents in a sector
becomes large do the externalities cancel out.

It is perhaps noteworthy that, even when the number of agents is large, so
that each individual agent is of negligible size in the market, there are still
distributional externalities. As the number of agents becomes large, agent
/'s actions have a vanishing effect on any given other agent, but agent fs
actions also affect a larger number of agents. Thus an arbitrarily small
agent still has a real effect on a subset of agents. Strategic market games
yield an efficient allocation when the market power on both sides of all
markets goes to zero.25 From the perspective of this chapter, efficiency
results not from the fact that small agents have negligible effects on prices,
but rather from the fact that small agents impose equal and opposite
externalities on both sides of the market.26 Finally, note that externalities
need not disappear if the number of sectors, rather than the number of
agents within a sector, is increased.

Imperfect competition: quantity-setting

Imperfect competition with quantity-setting closely resembles the strategic
market game just analysed. In the strategic market game, however, agents
possess both monopoly and monopsony power, whereas here agents are
assumed to have some market power in terms of the good that they supply,
but no market power on the demand side of other markets. The simplest
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assumption that generates this result is to suppose that the number of
sectors (N) is arbitrarily large, but that the number of agents within a sector
(/) is small.27 Following some of the imperfect competition models in the
literature, the model is presented as a two-stage game. This aids the
exposition, since it allows a focus on the supply decisions of agents with
market power. It should be emphasized, though, that the assumption on
timing is irrelevant for the results of the model.

In the first stage, agents in a given sector (that is, suppliers) choose their
level of output (that is, the amount that they wish to sell), taking as given
the output of others in the same sector and the inverse demand curve faced
by the sector. Thus agent / in sector n chooses s?n, taking as given
/ ? " ( 4 ; ^ , ^ m ) , UjeInJ^UkeIm,m # « . The presence of s%m in this demand
function reflects the fact that the output supplied in other sectors deter-
mines the incomes of agents in those sectors and the price of goods in those
sectors, which in turn influences spending on good n. In the second stage,
agents demand the goods of other sectors in competitive markets, taking as
given their income from the first stage (pns"n) and the prices of other goods.
Prices adjust in the second stage to clear markets, given these demands and
given the quantities supplied in the first stage. Second-stage market-
clearing thus guarantees feasibility.

The allocation mechanism is, for all /, «,

0 _ y mm.

m=\

pn(s?n; sjn, O , i,jeIHJ*i9 kelm

where s?n > 0 and s£ < 0, m ̂  n. As mentioned above, the focus here is on the
first-stage supply decisions (s"n), rather than the second-stage demand
decisions (s™).

Consider the second-stage maximization of agent / in sector n. She has
already chosen s"n in the first stage. In the second stage she chooses s£,
m^n, to solve

max £/«+pX+ X |>X -5£ <-.£).

Now write the solution to this problem as an indirect utility function
(suppressing the endowments):

oin=Vin{p\.)sl,-sl,pm{.)).

In the first stage, agent / in sector n chooses s? to maximize this indirect
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utility function, taking as given the prices in the other sectors, the strategies
of other agents in sector n, and the demand curve facing sector n.

The claim that agent / takes prices in other sectors as given actually
requires elaboration. Define Vin2 to be the partial derivative of the indirect
utility function with respect to its second argument. The first order
condition from the agent's problem is then:

(using the normalization of the utility function to set the derivative of
indirect utility with respect to income equal to one, and using Roy's identity
to set the derivative of indirect utility with respect to price equal to (minus)
demand). The first three terms in this expression constitute the standard
first order condition for imperfect competition: in the absence of the final
term they could be rearranged to give price as a mark-up over marginal cost
(Vin 2 ) , where the size of the mark-up depends upon the elasticity of demand
in the usual way.

The final term of the first order condition reflects general equilibrium
effects: an increase in the supply of good n by agent / influences demands in
the second stage of the game and so will affect market-clearing prices in
other sectors. Changes in the prices of goods in other sectors in turn
influence the welfare of agent / when that agent purchases goods in the
second stage. The claim that firms take prices in other sectors as given when
making their first-stage supply decisions is really equivalent to the claim
that the final term of this first order condition can be set to zero.

Under symmetry, when there is a large number of sectors, a change in any
given price has a negligible effect on agent /'s welfare because that agent
purchases only a small quantity of that good.28 But because these effects
must be summed over a large number of goods, it does not immediately
follow that the final term in the first order condition is vanishingly small for
large N. Rather, this term goes to zero if and only if a change in agent z's
supply of good n has a negligible effect on other prices.

There are two linkages whereby agent /'s supply of good n affects other
prices. First, an increase in the supply of good n reduces the price of that
good, and so affects the demand for other goods. The size and magnitude of
this effect depends upon the elasticity of substitution between good n and
other goods. Second, an increase in the supply of good n changes the total
revenue earned in that sector, which in turn affects spending in other
sectors. The size and magnitude of this effect depends upon the elasticity of
demand for good n. Under the assumption that the number of sectors is
large, and given symmetry assumptions on the utility function, the effects of
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a change in s"n are spread evenly across all sectors, and so the effect on the
price in any single sector should indeed be negligible.29

Note, finally, that there are some circumstances under which agent fs
actions have no effect on other prices even with a small number of sectors -
for example, if utility functions are Cobb-Douglas over all goods except the
good that an agent supplies. Then all demand curves are unit-elastic, and
the demand for a given good depends only on income and the price of that
good. In particular, the change in the price of good n resulting from agent f s
actions does not affect the demand curve in other sectors. Moreover, since
the demand curve for good n is also unit-elastic, the change in agent f s
supply does not affect the total revenue earned within sector n, and so there
is no income effect on demand curves in other sectors either. In this case,
dpm/ds?n = 0, m^n.30 (In fact, a two-sector version of the model under these
assumptions is substantively identical to the strategic market game con-
sidered in the previous subsection.)

Proposition 2: This quantity-setting game exhibits real mechanism
externalities.

Proof: Suppose that agent ieln changes her strategy. Then

again using the normalization of utility and the properties of the indirect
utility function. Agent /'s actions affect the welfare of other agents through
two channels. First, and most obviously, an increase in her supply of good n
reduces the price of good n, which affects the welfare both of other suppliers
and of consumers of good n. Second, there are the general equilibrium
effects noted earlier: an increase in the supply of good n will in general affect
market-clearing prices in other sectors.31

Summing the external effects across all agents yields

j \ J j \ J m*n k h

Define
& all m,*.
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That is, S£ represents the total supply of good h by agents in sector m. Note
that S% > 0 and S^<0,h^m. The total externality is therefore

\0SinJ m±n \0Sin J m*n h \CSin
Sn-sin

Now market-clearing implies that S™=  - £ S* => £ S ^ = 0, all /*. So the

total externality equals

wgt« J \ GSinJ m^n \csinj m±nh*n

But, from the first-order condition, this simply equals

As in the analysis of the strategic market game, an increase in agent /'s
supply to the market reduces the price and so bestows a positive externality
on the consumers of the good (that is, agents in other sectors) and a negative
externality on other producers of the good. These two externalities do not
cancel out because agent / has some market power and so internalizes some
of the effect of the price change. There is thus an external effect equal to the
difference between price and marginal cost. (As in the strategic market
game, the externality would disappear if the number of agents in a sector (/)
became large.)

The striking feature of Proposition 2 is that there is no further compo-
nent to the externality, even though agent fs actions affect prices in other
sectors and hence affect the welfare of other agents. While the effect of agent
z's actions on any given price may be negligible, these effects must be
summed over both a large number of agents and a large number of goods,
so one might have expected general equilibrium consequences. But there
are none.32

It is worth reiterating that the result does not come from the fact that
agent f s actions have a negligible effect on the prices in other sectors. While
the effect on any individual price goes to zero at the rate (1/iV), the number
of agents affected by a given price change increases at the rate N. Instead,
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the reason that agent f s actions have no general equilibrium consequences
is that the changes in prices in other sectors impose distributional externali-
ties only. If, for example, the price in sector m rises as a result of agent f s
actions, this benefits the suppliers of good m but imposes an equal and
opposite cost on the demanders of good m. Market-clearing conditions
permit the cancelling of the general equilibrium external effects, leaving
only the standard partial equilibrium distortion.33

Imperfect competition: price-setting

Now consider a model of price-setting with differentiated products, so that
there are N sectors with one firm in each sector (/= 1). Because the quantity
supplied by this agent is not a strategic variable, let qn (rather than s"n)
denote the supply of good n by the agent in sector n (for brevity, refer to this
agent as agent n). As before, let/?" denote the price of good n\ this is now the
strategy variable of agent n.

In the first stage, each firm (agent) chooses its price, taking as given the
prices of all other firms and the demand curve it faces. Thus agent n chooses
/?", taking as given qn(pn;pm), m^n.34 In the second stage, agent n chooses
her demands for other goods, {— s™}. The allocation mechanism is, for all n,

an
n=-q\p\pm)

m=\

where qn(.)>0 and s™<0,m=£n.
Consider the second-stage maximization of agent n. She has chosen/?" in

the first stage. In the second stage she chooses s™, m^n, to solve

max U(a>°n+pY+I,Pms:, ~ C <-<?")•

As before, write the solution to this problem as an indirect utility function:

In the first stage, agent n chooses pn to maximize this indirect utility
function, taking as given the prices in the other sectors and the demand
curve facing sector n. The first order condition from this problem is

using the normalization of the utility function. Rewrite this as
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J
Proposition 3: This price-setting game exhibits real mechanism

externalities.

Proof: Consider a change in agent «'s  strategy. Then

dp" "- ^\dp"

again, using Roy's identity and the normalization of utility. Summing over
all agents, and using the market-clearing condition —  £ s^ = qn,

1 b - - < -m,2\

The first term is the negative externality from imperfect competition: if
agent n charges a price that is one unit higher, buyers will lose income equal
to the total amount of the good traded. The second term reflects the general
equilibrium consequences of the change in the price of good n. As in the
quantity-setting game, a change in one agent's strategy will in general cause
demand curves to shift in other sectors. Under quantity-setting, these
general equilibrium repercussions are changes in prices in other sectors that
result in distributional externalities only. But under price-setting, the
general equilibrium consequences take the form of changes in quantities,
which in general have real effects. Thus, if a change \npn causes qm to rise,
this leads to an external benefit equal to the difference between price and
marginal cost in sector m. Summing these externalities over all m gives the
general equilibrium component of the externality.35 Since real general
equilibrium effects are present under price-setting but not under quantity-
setting, price-setting models may have better claim to the term 'macro-
economic externality'.

Under quantity-setting, as noted, agents impose externalities of different
sign on other agents, depending on whether they are on the same or the
other side of the market. That is, increased output of a given good benefits
purchasers of that good and imposes cost on other suppliers. The analo-
gous result is harder to identify in models of price-setting. In, say, a
standard differentiated product model then, from one perspective, each
agent is a monopolist, and so there are no other agents on the same side of
the market. The direct effect of an increase in price is simply the imposition
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of externalities on purchasers. But, from another perspective, goods are
substitutes and other agents are competitors, so an increase in the price of
one good will benefit suppliers of substitutes. Similar issues actually also
arise under quantity-setting with multiple sectors: with Cobb-Douglas
preferences and sufficient symmetry, there is a clear distinction between
competitors (in the same sector) and customers (in other sectors) but, more
generally, agents producing different goods in other sectors may still be
viewed as competitors.

The situation is further complicated by the fact that, in these general
equilibrium models, all agents are both suppliers and demanders. For
example, in the price-setting model of Blanchard and Kiyotaki (1987), all
goods are substitutes, so agents, acting as producers, are competitors. But
since they purchase each other's goods, all agents are in some sense
simultaneously on the same and the opposite sides of the market. The
distinction is perhaps not very meaningful in this setting, although the
externalities of this chapter could be used to define whether agents were, on
net, on the same or the opposite sides of a market.36 Another approach to
differentiated products is to assume that goods are located on an attribute
circle.37 The dividing line between those on the same and the other sides of
the market would then arise endogenously; the former would be nearby on
the circle and the latter far away.

Search

In search models, agents expend resources in the attempt to find trading
partners. Return to a two-sector model and suppose that, in stage 1, agents
in Ix search for agents in /2, and vice versa.38 If two agents are successfully
matched, they trade in the second stage; otherwise they simply consume
their endowment. Assume that each agent controls a single strategy
variable, called search intensity. The probability of matching depends upon
the search intensities chosen by all agents. It is assumed that the costs of
search are incurred in terms of the good that an agent supplies.39 When two
agents are successfully matched, Nash bargaining occurs, resulting in
transactions that divide the gains from trade. Feasibility is thus assured by
the fact that agents trade on an individual basis. Let GiXk2 denote the gain
from trade of agent iel{ if she is matched with agent kel2; by Nash
bargaining, Gnk2 = Gk2il.40 Denote the probability that these two agents
meet by nak2 = nk2n and define the expected gain from search for agent / as:



160 Andrew John

The allocation mechanism can be written as follows.
With probability nilk2

a]\ = -tXa,k2~sn
ai\ ~ ~ U\,k2
/70 = — / 0

and with probability (1 —  Z^n,^)?
k

In this mechanism, t™ tkl represents the amount of good m that agent / will
agree to transfer to agent k in the event that they are matched (so
C*2= "~ **2,n )• These are optimal values chosen so as to divide the gains
from trade evenly. Since the search process consumes some of the goods
that agents supply, and so changes agents' endowments at the time when
they trade, these agreed transactions in general depend upon the level of
search that is chosen by agents i and k. That is, the gains from trade depend
upon the search intensities, {sn,sk2}, providing one source of externality.41

It is a useful simplification, however, to assume that utility functions are
linear and separable in the good that the agent supplies. Thus for agent / in
sector 1,

The gains from trade are then given by

G/i,*2 = u(<ol - t?uk29 - tfhk2) + 0(<o}x -sa - t)xkl)

= u{a>l ~ tfhk2, - tlM)- u{col,0)- 8tjuk29

and so are independent of search effort. The cost of search is simply 0sn. If it
is further assumed that there is symmetry of endowments and utility
functions, the gain from search will be an identical constant for all agents (it
is actually sufficient to assume symmetry within each sector, since Nash
bargaining equates the gain across sectors). It follows that

Gn = va - Osn = Z nihk2Gn,k2 = nnG~ fc/i>
k

where nn = £ ft/i,^ and G is the constant gain from search. This formulation
k

allows a focus on the external effects from the matching technology.
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Externalities arise from search because an agent's probability of being
matched depends upon the search activity of all agents:

Search models in the literature generally assume that this function is
increasing in sn and sk2, and decreasing in sfl and sh2. That is, it is assumed
that increases in own search effort and increases in the search intensity of
potential partners serve to increase the likelihood of being matched, while
increases in the effort of others on the same side of the market lead to a
lower probability of matching. It is also assumed that an increase in any
agent's strategy increases the expected number of matches.

Proposition 4: (1) Agents in this model impose negative mechanism
externalities on others on the same side of the market and positive or
negative externalities on those on the other side of the market. (2) If
matching functions are symmetric (nihk2(.) = n(.), a ^ *GA> fce/2), t n e n

agents impose positive externalities on agents on the other side of the
market. (3) Agents impose real externalities unless the marginal disutility of
search equals twice the aggregate benefit imposed on agents on the other
side of the market.

Proof: (1) Suppose that agent / in Ix changes her search strategy.
Then

f*\ fon ))<
The first term in the second equation is positive and the second term is
negative, establishing (1). (2) The expected number of matches, which (by
assumption) is increasing in sn, equals £ £71^ k2 = Y^nk2- Given identical

k j ' k

matching functions, it follows that nk2 must be increasing in sn for each
individual kel2. To prove (3), note that since nj\,k2 = nk2j\ an<^ GJ\M
—  Gkijx ~ G, the aggregate expected gain from matching must be identically
equal for agents in Ix and 72:
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ĉ /i j*i \csnj k \osi\

Using this result and the first order condition G(dnn/dsn ) = 6, the aggregate
externality associated with a change in sn is

Thus there are distributional externalities associated with a change in sn if

and there are real externalities otherwise. •
Proposition 4 shows that, in search models as in imperfect competition

models, agents impose negative externalities on those on the same side of
the market, and (under symmetry) positive externalities on those on the
opposite side of the market. These results derive directly from standard
assumptions on matching functions. While many search models are two-
sector models (often involving search by workers and firms), some models
in the literature, such as Diamond (1982), have the feature that all agents in
the economy are potential trading partners. These models thus resemble
some of the price-setting examples discussed earlier (for example, Blan-
chard and Kiyotaki, 1987) in that all other agents benefit from an increase
in one agent's search activity. Such a model will exhibit real positive
externalities unless agent f s marginal return to search, excluding search
costs, is zero, implying that there will be real externalities unless marginal
search costs are zero.

There is a noteworthy parallel between search models and models of
quantity-setting. To see this, define pa to be the expected gain per unit of
search:

Agent fs payoff is thus
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There is now an analogy with the quantity-setting model. Under quantity-
setting, agents in sector 1 give up sjx units of good 1 and obta in /? 1 ^ )sjY
units of the numeraire. In the search model, agents in sector 1 give up sn
units of good 1 and obtain pn(sn)sn. Under imperfect competition, agents'
strategies influence the price at which they trade; in the search game, agents'
actions influence their probability of trading. From the perspective of agent
/, pn is analogous to the price faced by a quantity-setting agent.

Note, however, that pn is not a price in the sense defined on p. 147: not all
agents exchange good 1 for the numeraire at this rate. This distinction
implies that there are differences as well as similarities between search and
quantity-setting. Under quantity-setting, an increase in the strategy of
agent / in sector 1 leads to a fall in/?1 that benefits agents in other sectors.
The total benefit to agents in other sectors is matched by an equal and
opposite loss to the agents (including /) in Ix. There is an externality to the
extent that some of the effects of a price change are internalized by agent /,
when that agent has market power. An increase in agent z's strategy in the
search game similarly generates increases in nk2 (pk2) that benefit agents in
I2. These, however, are matched by an equal gain to the agents (again
including /) in Iv

As a consequence, real search externalities do not disappear in general
even when the number of agents in each sector is large. To illustrate this,
consider the class of matching functions described by42

It follows that/?*1 = Gf{Sx, S2)/S{. If there is a large number of agents in each
sector, then agent / has a negligible effect on/?'1, and so the return to search
is linear in search effort. The first order condition for agent / is simply
ptl = 6. Yet though this is reminiscent of the equating of price and marginal
cost, there are still real externalities in general, as Proposition 5
demonstrates.43

Proposition 5: Assume that the matching function is of the form
just specified and that there is a large number of agents in each sector. Then
there are no real externalities if: (1) f(Sl9S2) = A{SXS2)XI2, where A is an
arbitrary constant; or (2)/(.) is constant returns and Sx = S2.

Proof: As a preliminary, note that the expected number of matches
is given by
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and since YJ
nn = Z 7 1 ^ ^ follows that/(.) is symmetric:

/ k

From Proposition 4, there are real externalities unless

Under the assumption that /is large, agent i has a negligible effect on S1,, so
dnaJ{S,,S2)
dsa sx

Also

dsn \s2j\ as,
which implies there will be real externalities unless

f(Sl,S1)_f(S2,Sl)= (df(S2,Sx

1 1 \ 1

Solving this differential equation implies

proving (1). To prove (2), note that since/(.) is symmetric, df(S2,Sl)/dSl
= df(S2, Sx )/dS2 when these functions are evaluated at S, = S2. The con-
dition for no real externalities when S{ = *S2 can thus be written

^i\ •

Absence of real externalities in this setting therefore requires either that
the matching function be constant returns and that there be symmetry, or
that the matching function is Cobb-Douglas, in which case there are no real
externalities even when the equilibrium is not symmetric.44 A simple
illustration comes from the matching function

Real externalities are absent in this case when S^=(2oc— l)Sf9 which is
satisfied for arbitrary Sl9S2 only in the Cobb-Douglas case of p = 0 and
a = l . Under symmetry (SX = S2)9 however, the condition is satisfied
provided only that a = 1, which corresponds to constant returns.

The assumptions of Proposition 5 imply that individual agents are small
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and so have no effect on the gain from matching. By analogy with the
quantity-setting model, it might be thought that this would imply
efficiency. Moreover, since agent / is small relative to the economy, the
effect of her search effort on the probability of any other agent's being
matched goes to zero. As in the other examples, however, large /also means
that more agents are affected by agent /'s actions, so the aggregate effect is
not zero. As with price-setting, and unlike the quantity-setting game, there
are no market-clearing conditions guaranteeing that externalities cancel
out in the limit.

Conclusion

Recent work on the microfoundations of macroeconomics interprets
Keynesian phenomena in terms of 'macroeconomic externalities' arising
from imperfect competition or search. Unfortunately, the term apparently
has no clear definition in the literature. Rather than offering a precise
definition, this chapter simply suggests that macroeconomic externalities
provide a convenient way to characterize certain distortions that are
associated with the general equilibrium implications of market or non-
market mechanisms of exchange. Distortions arising from search and
imperfect competition can be understood as externalities in a general
framework capable of incorporating both market and non-market
interactions.

The studies on search and imperfect competition in macroeconomics
literature exist in relative isolation from one another, in part probably
because they discuss similar phenomena using different terminology. One
conclusion of this chapter is that models with search and imperfect
competition resemble one another more closely than has previously been
realized. The similarities of the two approaches are not readily apparent,
partly because while it is natural to think about search as generating
externalities, economists are less accustomed to analysing market power in
such terms.

Since the primary concern of this chapter is the characterization of
externalities caused by search and market power, the analysis paid little
attention to the role of strategic complementarities. Specifically, the
chapter considered only the impact effect of agents' strategies and did not
explore the equilibrium responses of other agents in the economy. Such
complementarities are relevant for comparative static analysis in these
games, and perhaps warrant further study.
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1. Models with imperfect competition include Heller (1986), Blanchard and
Kiyotaki (1987), Dixon (1987), Startz (1989), Kiyotaki (1988), Benassy (1991a,
1991b) and many others. The literature is well surveyed by Silvestre (1993).
Models of search externalities in general equilibrium include Howitt and
McAfee (1988), Davidson et al. (1987, 1988, 1994), and Hosios (1990).

2. See Cooper and John (1988).
3. See, for example, Bils (1987), Shapiro (1987), Domowitz et al. (1988), Hall

(1988), and Bresnahan (1989). Changes in market power over the business cycle
are investigated by Rotemberg and Woodford (1991).

4. Koford et al. (1988) discuss policies to internalize such externalities.
5. There are as yet very few models that incorporate both search and imperfect

competition. Drazen (1986) is an exception.
6. Although the model is set up as an exchange economy, it can easily be

reinterpreted as a simple production economy. Agents in a sector could be
endowed with labour and a technology for producing the good of their own
sector using labour. Their preferences over the good produced in their own
sector could then be interpreted as preferences over leisure.

7. A simple example is given by a variant of the Dixit and Stiglitz (1977)
preferences:

u{.)=(c°ncy-«- v(c"); c= ( x (cmyyip

for an agent in sector n. In this case, preferences are separable in the good
supplied, and Cobb-Douglas over the numeraire good and a CES aggregator of
all other goods. Blanchard and Kiyotaki (1987) use essentially this utility
function.

8. Arrow's argument also led economists to define externalities in terms of missing
markets rather than (as had previously been usual) in terms of interdependen-
cies. Indeed, Heller and Starrett (1976) argue that viewing externalities as
interdependencies 'is not a very useful definition, at least until the institutional
framework is given'. The emphasis on interdependency in this chapter (taking
as given the institutional framework) is thus a return to an earlier tradition (for
example Meade, 1952; Buchanan and Stubblebine, 1962; Davis and Whinston,
1962; Turvey, 1963); the literature as it stood at the beginning of the 1970s was
well surveyed by Mishan, 1971. The relationship between missing markets and
the externalities of this chapter is considered in John (1988).

9. That is, assume that the arguments of these functions can be partitioned into a
number of subsets, the members of which enter symmetrically. In general, there
are many distinct subsets in each function, since each agent controls TV strategy
variables. In particular, in considering a™(s in,sjn,skm,shr), one must distinguish
all strategies according to whether they pertain to good n, good m, or some
other good, and also separate out strategies pertaining to the good in an agent's
own sector.
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10. In the terminology of Hurwicz (1979), a feasible mechanism is a 'balanced
outcome function'.

11. Because the analysis here assumes that allocation mechanisms are continuous
and differentiable, it excludes certain interesting models (such as the Leontief
technology model of Bryant, 1983). Extending the ideas of this chapter to such
settings would be a useful topic for future research but is well beyond the scope
of the current work.

12. They are of course not sufficient conditions: sufficiency requires checking
second order conditions and ensuring that the allocation is a global maximum.
The focus in this chapter is purely on these necessary conditions.

13. The result does not depend on the assumption that transfers are executed
through the numeraire good.

14. One could equivalently derive this result by supposing that the planner
maximizes the utility of a representative agent.

15. Note that this normalization cannot be used in general to characterize the entire
set of constrained-efficient allocations for a given mechanism, because the
normalization would have to be different at different allocations. The normali-
zation is appropriate for this purpose if utility functions are quasi-linear and
separable in the numeraire. Such an assumption is common in much game
theoretic analysis: see, for example, the discussion of 'u-money' in Shubik
(1984). Invoking this assumption in case (3) amounts to giving the planner
access to non-distortionary transfers: given an efficient allocation, the planner
can then attain any desired distribution by reallocating the numeraire and
leaving the allocation of other goods unchanged.

16. Noting that an agent's action may bestow positive externalities on some and
negative externalities on others, Silvestre (1991) observes that internalizing
externalities need not lead to Pareto improvements. He therefore argues against
using externalities to characterize inefficiencies. By contrast, this chapter
responds to the same observation by looking for ways to aggregate the external
effects.

17. A similar distinction is made by Meade (1973); the definitions here can be
understood as a generalization of Meade's approach. See also the discussion of
pecuniary externalities in the following subsection.

18. Farrell (1988, p. 179), writing in the 'Puzzles' section of the Journal of Economic
Perspectives, creates a fictional character who 'noticed pecuniary externalities,
and thought they were real externalities'. Shleifer and Vishny (1988, p. 1221), by
contrast, write of a 'pecuniary externality [that] makes a dollar of a firm's profit
raise aggregate income by more than a dollar since other firms' profits also rise,
and in this way gives rise to a "multiplier." Since such multipliers are ignored by
firms making investment decisions, privately optimal investment decisions
under uncertainty will not in general be socially optimal.' For other discussions
of pecuniary externalities, see Baumol and Oates (1975), Van Huyck (1989),
and Silvestre (1991).

19. Note also that if a feasible mechanism has this property it must be just feasible
(i.e. YaY,a?n = 0, m = 1,..., N). This is essentially Walras' Law.

n i

20. For example, Lerner (1960, p. 133) writes,
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a small buyer may neglect the effect on income of his decisions to spend or not to
spend. Although someone else's income must be reduced by a dollar when he
spends a dollar less, he is not concerned with this. But as the buyer, or the group
of buyers we are considering, becomes larger in relation to the economy, it
becomes less and less appropriate to neglect the repercussion on income.

While Lerner does not use the term 'externality' explicitly, Colander (1986,
p.354) quotes this passage and argues that 'Lerner used this "externality"
argument - that individuals have no incentive to take into account the effect of
their changes in spending - to justify monetary and fiscal policy'.

21. There are many other mechanisms that can be considered in this framework. In
particular, it is shown in John (1988) that a fix-price mechanism (where
quantities traded are determined by a rationing scheme) will give rise to real
mechanism externalities unless all prices are at their Walrasian levels.

22. An alternative to this normalization would be symmetry assumptions that
permit one to equate the marginal utility of the numeraire for all agents. All the
results derived below hold in this case also, but the normalization has the
advantage of simplifying the algebra.

23. The proof is as follows. Agent / in sector n can choose her strategies to yield the
Walrasian allocation. Since the allocation mechanism forces agents to be on
their budget constraints, no agent can do better than this allocation. Since the
allocation obtained by this agent depends only on her strategy, the Walrasian
outcome is, trivially, a Nash equilibrium.

24. See, for example, Dubey et al. (1980), Dubey (1980), Kahn (1979), Shubik
(1984).

25. See Dubey et al (1980) and Kahn (1979).
26. Greenwald and Stiglitz (1986) use similar intuition to explain why pecuniary

externalities do not vanish when the number of agents is large unless real
externalities are also absent.

27. There are other assumptions that would give market power to agents as
suppliers only. For example, it could be assumed that there is a large number of
agents in each sector, but that only a few agents are endowed with the good, or
that agents in each sector acquire market power by forming coalitions.
Alternatively, it could be assumed that there is another source of demand for
goods that is not explicitly modelled.

28. That is, under symmetry, s1^ < d)/ (TV — 1)  since the total endowment is fixed at led
and there are /(TV— 1) consumers of the good.

29. Under symmetry, any income effects will be spread over the other (TV—  1)
sectors, and so will disappear when TV gets large, and the effect of a change in/?"
on the demand for other goods will also be spread over the other (TV—  1) sectors
and so will also disappear when TV gets large. Given the continuity assumptions
on preferences it is then a reasonable conjecture that the claim in the chapter is
true in most (all?) cases, although a complete proof is not offered here. It is
difficult to derive more complete results without making more explicit assump-
tions on utility, and the argument is also more complicated in the absence of
symmetry. As will be clear from Proposition 2 below, the result is not actually
needed for any subsequent analysis.
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30. A model with these features is considered in Cooper and John (1988). It should
be emphasized that the previous discussion refers to the effect of a change in
agent f s strategy, holding other strategies constant. A change in s"n will also
affect other agents' incentives to produce through its effect on the price of good
n. For example, if an increase in s"n induces agents in other sectors to increase
their supply, then there is strategic complementarity. See Cooper and John
(1988) for more discussion and analysis of this case.

31. The changes in prices will also induce changes in second-stage demands. By the
envelope theorem, these can be ignored in the welfare calculations.

32. Again, it should be emphasized that the experiment here holds the strategies of
other agents constant, and so does not explore the implications of strategic
complementarities.

33. The intuition behind this result is thus related to the methodology of Greenwald
and Stiglitz (1986). That study also examines cases where changes in prices have
more than distributional consequences (for example, because prices also convey
information). In order to isolate the efficiency consequences of these price
changes, they net out the distributional effects.

34. The dependence of the demand for good n on the price of good m reflects both
substitution possibilities across goods and income effects. That is, the demand
for good n depends in part on the income earned in other sectors (pmqm).

35. Note that these external effects need not disappear when there is a large number
of sectors. Whether or not they do in fact vanish depends upon how an increase
in the number of sectors (goods) affects the elasticity of substitution between
goods.

36. In Blanchard and Kiyotaki (1987), all other agents benefit if one agent lowers
her price, so all agents would be viewed as being on the other side of the market.
Analysis of Blanchard and Kiyotaki's model in terms of the framework of this
chapter is complicated by the fact that they include money in the utility
function, generating an extra channel whereby changes in prices affect the
welfare of other agents. Detailed discussion is beyond the scope of this chapter.

37. Note that such a model would not satisfy the strong symmetry assumptions
made on the utility function on p. 140.

38. Baye and Cosimano (1990) investigate a search model where agents can choose
their sector.

39. It does not matter for the analysis how search costs are incurred. If they are
incurred in terms of the good that an agent supplies, one could interpret the
good as labour effort (time) that is used first to search for trading partners and
then to produce the good demanded by agents in the other sector. Alternatively,
search effort could simply be another argument of the utility function, or search
costs could be incurred in terms of the numeraire.

40. The analysis is easily extended to the case where agents do not divide the gains
from trade evenly as in, for example, Hosios (1990).

41. In this two-stage game, it is reasonable to assume that the gains from trade that
can be realized by matched agents are independent of the search activities of
other agents. In a richer dynamic setting, this might not be true.

42. More precisely, let nn = TDin(l,(sn/Sl ]f(Sx, S2)). An interior solution is assumed
in what follows. The matching function has the property that a small agent
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affects her own probability of matching but has a negligible effect on the total
number of matches. It is of interest in part because it is similar to functions
utilized in the literature on search and matching; for example, it is essentially
equivalent to the matching function utilized by Davidson et al (1987, 1988).

43. Proposition 5 is closely related to Hosios' (1990) result on entry-exit externali-
ties. In essence, Hosios takes the matching function as given and identifies
conditions on the sharing rule that imply efficiency, while Proposition 5 takes
the sharing rule as given and looks for conditions on the matching function. See
also Mortensen (1982, 1986) and Pissarides (1984).

44. Pissarides (1986) and Blanchard and Diamond (1989) have investigated the
returns to scale properties of labour market matching functions in Britain and
the USA, respectively. Pissarides finds evidence of constant returns, while
Blanchard and Diamond find evidence of 'constant or mildly increasing'
returns.
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Labour market imperfections





7 Demand uncertainty and
unemployment in a monopoly union
model

Omar Licandro

Introduction

In unionized economies, nominal wages are normally set for a relatively
long period of time, say one year, while employment fluctuates during the
year depending on firms' particular situations. The standard 'right to
manage ' model, as in McDonald and Solow (1981), even if it assumes that
wages are set before the firm decides employment, does not reflect
completely this important sequence in the decision process, assuming that
both decisions are taken under the same information concerning the
environment. In this chapter, new information is revealed in between both
decisions, allowing the firm to decide employment with richer information
than the union has when deciding wages.1 This sequence in the wage
bargaining process leans on the assumption of nominal wage rigidities.

Many different types of uncertainty are relevant to the analysis of wage
bargaining. Information concerning the aggregate price index, as in Lucas
(1972) must generate some type of Lucas supply curve. Technological
uncertainty or aggregate demand uncertainty could also be important to
explain the behaviour of employment and wages over the business cycle, as
is reported by Hansen and Wright (1992). However, we concentrate our
attention on the effects of demand uncertainty coming from misinforma-
tion about individual preferences. As is frequently reported in the literature
on marketing, firms are mainly concerned with forecasting their market
shares.2 However, macroeconomists seem to be more interested in the
effects of technological shocks and aggregate demand shocks than in the
effects that idiosyncratic demand shocks have on the aggregate equili-
brium. Tobin (1972) argued, in his AEA presidential address, that random
dispersion of demand in heterogeneous markets with wage rigidities is one
of the main determinants of the 'natural rate of unemployment ' .

The main structure of the model is taken from Licandro (1992) and
Arnsperger and de la Croix (1993).3 The economy is organized as an island
economy. In each island, there is only one firm - which produces a
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differentiated good - a given number of households and a union, which
represents households. The information structure of the model is crucial. It
is a one period model, where decisions are made at two different moments in
time. Ex ante, when preferences are not yet revealed, households decide to
live and to work in a particular island and unions set the nominal wage.
Unions are organized at the firm level, with decentralized negotiation. Ex
post, when all relevant information is public, monopolistically competitive
firms decide prices, employment and production and households decide
consumption. The goods market is organized as in Dixit and Stiglitz (1977).
Individual preferences are not symmetric, allowing for demand heteroge-
neity, i.e. some firms will have a high demand and some other firms a small
demand. All the uncertainty is idiosyncratic (i.e. there is no aggregate
uncertainty) and it is directly related to demand heterogeneity.

To stress the importance of information problems, we analyse a simple
monopoly union model, in which there is full employment at the equili-
brium with perfect information. However, when there are information
problems, which take the form of firm-specific demand uncertainty, the
nominal wage set by the union does not grant full employment at
equilibrium. The existence of unemployment does not rely on the existence
of union power, as in the standard 'right to manage' model. In the spirit of
Tobin (1972), this chapter provides an explanation for the 'natural rate of
unemployment', which is related to the existence of firm-specific demand
uncertainty and wage rigidities.

The chapter is organized in the following way. The second section
describes the general characteristics of the economy. In the third section the
representative household problem is solved and the demand for goods is
computed. In the fourth section we solve for the firm problem and the
monopoly union problem. The fifth section gives the aggregate equilibrium,
and conclusions are presented in the sixth section.

The economy

There are three types of economic agents: households, unions and firms.
Each household supplies a given quantity of labour to a particular firm and
demands goods. Households are represented by unions, which are orga-
nized at the firm level and set wages. Firms hire labour from households,
produce differentiated goods and set prices.

A particular information structure is assumed: there are two times in the
model, ex ante (before the revelation of individual preferences over goods)
and ex post (when all relevant information is public). Households supply
labour and unions decide wages without knowing with certainty the
demand for the good produced by the firm. When wages are already set,
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households reveal their preferences and demand goods and firms set prices,
hire workers and produce.

As in McDonald and Solow, there are two stages in the game. In the first
stage the union sets the nominal wage and in the second stage the firm sets
prices and hires workers in order to satisfy its demand. The main difference
with the standard monopoly union model is that the firm information
concerning the environment, when deciding employment, is richer than the
union information when deciding wages. When the union sets the nominal
wage the demand for the firm is not revealed yet, while the firm knows its
own demand before deciding how many workers to hire. In this sense, the
model imposes some type of wage rigidity.

The demand side

Households behave as in Dixit and Stiglitz (1977). Let us assume that all of
them have the same utility function, hold the same initial money balances
and supply the same given quantity of labour.

The representative household

There is a continuum of households in the interval [0,«],  each of them
offering one unit of labour. There is also a continuum of goods in the
interval [0,1]. Households are indexed by 7 and goods by /. Households are
identical except for the fact that their labour incomes are not necessarily the
same. The representative consumer optimization problem is

where
i

0>1 and

o
subject to

i

p(i)c(i)di=r,

0

f v(i)di=l;



176 Omar Licandro

/, p and p(i')Vi'e[0,l] are given. C is an index of consumption utility, M
represents money holdings and/? the aggregate price index. c(i) and/?(7) are
the consumption and the price of the good i, respectively. The parameters y,
6 and v(i), Vi e [0,1], are supposed given, /represents total nominal revenues
of the representative consumer and it can be different from one household
to another.

Optimal consumption and money holdings are4

and
M={\-y)L

Notice that the 'indirect utility function', which can be derived by
substituting both optimality conditions in the utility function, is pro-
portional to real revenues.

The optimality condition for c{i) is

where
i

(

o

is the 'true price index' associated with the representative household utility
function.5

Let us call I(j) the total revenues of the household/

/(/)=™
I

where M represents aggregate initial money holdings, w(j) is the nominal
wage rate and /(y)e{0,l} represents employment. Profits, denoted by n(i),
are distributed among households. The share of the firm / is supposed to be
the same for all households and equal to \\n. The only difference among
households comes from the equilibrium value of labour incomes w(j)l(j).

Let us define profits as
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Aggregating revenues over consumers, we have that
nI I(j)dj=M+py.

o
Variable y represents aggregate production, and it takes the same func-
tional form as the quantity index C.

Imposing the condition %C(j)dj=y on the goods market, which must
hold in equilibrium, from previous conditions we get

Let c(ij) represent the demand of good i from household/ Integrating
(1) over households we have that total demand d(i) for good i is

W (2)
Aggregate demand, y, is distributed among the differentiated goods
depending on relative prices and the v(i') parameters.6

Demand heterogeneity is directly related to the distribution of the v
parameter among firms. It plays a very important role in the model, because
all uncertainty comes from the absence of perfect information concerning
this parameter.

The supply side

In the supply side of this economy there is a continuum of monopolistically
competitive firms, each of them producing a variety of the unique good. The
index i also identifies firms. Each worker supplies one unit of labour to a
specific firm.7 Workers are uniformly distributed among firms and, from
previous assumptions, the number of workers offering their labour to a
particular firm is n. There is a continuum of unions, each of them
representing the workers offering their labour to a particular firm. Unions
are also indexed by /. At the firm level, unions set wages as a monopoly.

An important assumption is imposed to produce full employment
capacities at the firm level: labour markets are segmented. Each worker is
offering his labour to a specific firm and, if a firm decides not to hire a
worker, this worker is unable to offer his labour to another firm. Labour
market segmentation can be justified by differences in human capital,
labour mobility costs, turnover costs, etc. Under this assumption each firm
faces an upper bound on production, i.e. the 'full employment output'. This
assumption is crucial to have unemployment at equilibrium.
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Firm behaviour

Let us assume that the labour marginal productivity is constant and equal
to one, i.e. there is a constant returns to scale technology

where y(i) and /(/) represent firm /'s production and employment. Notice
that the firm's employment, /(i')e[0,/i], is different to the household's
employment l(j) e {0,1}. Full employment output is equal to n for all /.

Under the previous conditions, the representative firm must solve the
following optimization problem:

max n(i)=(p(i)-w(i))y(i) (3)
P(i),y(i)

subject to

where y, /?, n and w(i) are given. Parameters 6 and v(i) come from
household preferences.

The first order condition for this problem is:
if d(i)<n,

p(i) = f\-l-\ l
w(i); (4)

if not,

p(i)=pft\ev(i)K (5)

Depending on the relation between demand d(i) and full employment
capacity «, the representative firm sets prices following two different rules.
When demand is relatively small, the firm sets a price that satisfies the
standard condition for a monopoly, i.e. marginal costs equal to marginal
revenues (interior solution). When the optimal condition for a monopolis-
tic competitive firm holds for a demand greater than full employment
capacities, the firm sets a higher price in order to satisfy demand at the full
employment level (corner solution).

Let us call
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the value of v(i) at which the interior solution holds at the corner, i.e. both
conditions (4) and (5) are satisfied simultaneously.

From the restrictions in problem (3), and the corresponding optimal
condition (4) and (5), we can deduce the optimal employment of firm /:
ifv(i)<v(0,

l(i) = ld(O = j^<n, (7)

if not,
l(i) = n. (8)

In the interior solution, the firm is choosing employment subject to its
unconstrained labour demand curve, denoted ld(i) in (7). In this case, the
firm does not employ all the workers living in the island and there will be
unemployment in this segment of the market. In the corner solution, the
firm is constrained by the labour supply and producing at its full employ-
ment output.

Monopoly union behaviour

In each island, a trade union represents the workers offering their labour to
the firm producing the corresponding variety. The union is assumed to
behave as a monopoly in the labour market.

The objective function of the /th union is:

where V is the sum of the indirect utility functions of the risk-neutral
members after the deduction of the fallback level,

o
i.e. the non-human revenues.

The standard monopoly union model
To give a better understanding of the results provided in this

chapter, let us first solve the standard monopoly union model, in which
wages and employment are decided under the same information set. Let us
assume in this section (this assumption will be dropped in the next) that the
union has full information, in particular that it knows the value of v(/) faced
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Figure 7.1 The standard monopoly union model

by the firm /. It can be easily shown that under this assumption the
monopoly union is optimally setting nominal wages in order to have full
employment at equilibrium. The main reason for that is that the inverse of
the labour demand elasticity (j) is smaller than the elasticity of the
indifference curves (which is equal to one), anywhere. In this case the union
is interested in reducing wages until full employment is reached. As figure
7.1 shows, the optimal choice for the union is to set a nominal wage that
induces the firm to optimally choose to produce at full employment. In
other words, the union is choosing w(i) in such a way that both (4) and (5)
hold simultaneously.

Under these particular assumptions, if wages and employment are
decided under the same information set, there is full employment at
equilibrium in the standard monopoly union model.

Monopoly union behaviour under demand uncertainty
Let us assume that, when deciding wages, the /th union knows the

'demand function' assigned to the variety /, (2) and the distribution of the
v(i) parameters, denoted by F(v). However, we assume that the representa-
tive union does not know with certainty the specific v(/) faced by the /th
firm. Since there is no aggregate uncertainty, the union can solve for the
aggregate demand y and the aggregate price index p.

Notice that under these conditions all unions are ex ante identical, even if
ex post the labour demand can be different from one island to another.
Then, they set the same wage rate and they face the same v. For this reason,
we can drop the / index in what follows.

Since the objective of the union is linear in /, under demand uncertainty,
the union is mainly concerned with the forecast of expected employment.
From (7) and (8), expected employment can be written as8
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E{l) = "z fv dF(v) + «  fdF(v)<«, (9)
v<v v>v

where v is given by (6).
As stated before, the distribution function F(v) represents the distribu-

tion of parameter v among the different firms and it depends on household's
preferences. The union knows that its specific v is drawn from this
distribution. If there is a strictly positive probability of being in an
unemployment equilibrium, expected employment will be strictly smaller
than full employment.

Let us define the weighted probability of being in a full employment
equilibrium as

/ = « ) = j dF(v)'
V> V

and the weighted probability of being in an unemployment equilibrium as
n C n

v<v

The representative union problem is

where E(/) is given by (9) and v is given by (6). Because there is not
aggregate uncertainty, the aggregate variables p and y are perfectly forecast
by the union.

The first order condition for this problem is

v = 9 I vdF(v). (10)
v<v

Condition (10) can be interpreted in the following way: the union is
optimally choosing the weighted probability of being in an unemployment
equilibrium, whose optimal value is equal to the inverse of the demand
elasticity of labour (|). Notice that the weighted probability of being in a
full employment equilibrium is equal to (1 —  | ) .

Figure 7.2 gives a graphic representation of this problem. The union
maximizes its utility function over the expected employment curve. Because
there is a positive probability of ex post unemployment, the union expected
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Figure 7.2 The monopoly union model under demand uncertainty

employment curve is always below full employment, in particular at the
optimum. The expected employment locus is concave for any standard
continuous distribution function, which is a sufficient condition for the
existence of an interior solution.

Aggregate employment

Aggregate employment can be obtained by aggregation over firms' employ-
ment and it must be equal to union's expected employment given by (9).9
Moreover, the optimality condition (10) must hold at equilibrium. Aggre-
gate employment T, aggregate production^, aggregate real wages (which are
equal over all islands) and v must satisfy at equilibrium the following
conditions:

v dF(v) +
v<v v>v

v dF(v),
v<v

. , l

and

f v dF(v)+ f v»dF(v)T
v>v
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To better understand this result let us present an example, in which we
assume a particular form for the distribution function F(v).

Example

Let us assume that v follows a lognormal distribution, with unit mean and
variance denoted by o. In this case we can apply Lambert (1988) and
approximate expected employment by the following function

where p is a decreasing function of o. In particular, dfo < 0, p -• oo when a -> 0
and p is positive.

The representative union problem becomes

maxE(K) = ( -

where

and /?, y and n are given.
Solving this problem as in the previous section and solving for the

equilibrium value of aggregate employment I, we have

Since workers are distributed homogeneously among firms and the
marginal productivity is the same for all of them (it was normalized to one),
full employment output n is equal across firms. Moreover, since unions are
ex ante identical, they all set the same real wage. Under these conditions the
marginal cost function is the same for all firms and it is constant and finite
until full employment is reached, then it becomes infinitely elastic. Depend-
ing on their particular value for v, firms are setting prices and production
either at the interior or at the corner solution. When demand is relatively
small (v < v) in an island, production is smaller than full employment
output. When demand is relatively large (v>v), the firm produces at full
employment. In the aggregate there is unemployment.

The unemployment rate takes the following equilibrium value, denoted
by w,
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The unemployment rate at equilibrium depends on the elasticity of
substitution 6 and on the parameter p, which depends on the variance of the
distribution of the v parameter. If 0->oo all goods become perfect
substitutes, and if p -• oo the parameter v becomes the same for all goods. In
both cases the heterogeneity of demand disappears and the unemployment
rate goes to zero. The first derivative of u with respect to both parameters is
negative, i.e. an increase in demand heterogeneity, coming from a greater
elasticity of substitution or a greater dispersion on the v parameters, always
generates an increase in the unemployment rate.

Conclusions

The main concern of this chapter is to show the importance of demand
uncertainty in the determination of the 'natural rate of unemployment'.
Demand uncertainty is introduced in a monopoly union model where
unions set wages at the first stage of the game, without knowing with
certainty the demand for the good produced by the firm. Because the union
assigns a positive probability to the event 'underemployment equilibrium',
it sets an optimal nominal wage at which the expected employment is
smaller than full employment. In an economy where all the uncertainty is
firm-specific (i.e. there is not aggregate uncertainty), aggregate employment
is equal to the union expected employment and then there is unemployment
at equilibrium. In some islands the idiosyncratic demand shock is high and
firms produce constrained by their full employment capacity, but at the
same time in the other islands the idiosyncratic demand shock is low and
firms optimally produce less than their full employment output.

The existence of unemployment depends crucially on the assumption of
demand heterogeneity and demand uncertainty. The assumptions of
nominal wage rigidity and labour market segmentation are not sufficient to
generate this result. Moreover, the assumption of only one firm per island
(monopolistic competition) is not critical for the existence of unemploy-
ment at equilibrium, and the result holds even if there is perfect competition
on the goods market of each island. In this sense, the 'natural rate of
unemployment', displayed by the model at equilibrium, relies more on the
existence of 'information problems' than on the existence of 'coordination
failures'.
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1. Manning (1987) and Espinosa and Rhee (1989) develop more general frame-

works to analyse the question: are wage bargaining contracts efficient or does the
union let the firm manage employment? In both studies it is assumed that, even if
both decisions are taken sequentially at two different stages of the game, the
information concerning the environment is the same in both stages. The
existence of asymmetric information, or costly information search, or a costly
bargaining process, could be useful to attempt an explanation for this particular
sequence of the wage bargaining process.

2. See Lambin (1993).
3. It is an attempt at reconciling the 'fix-price' or 'quantity rationing approach' with

the 'New Keynesian economies', in particular with the monopolistically compe-
titive general equilibrium approach. We show in this chapter that the main
results in Licandro (1992) and Arnsperger and de la Croix (1993) do not depend
on the existence of 'quantity rationing' in the goods market. The essential
element of the model is related to the sequence of decisions and the structure of
information.

4. Since the utility function is concave in its arguments and the budget constraint is
linear, the first order conditions are necessary and sufficient for a maximum.

5. The normalization condition imposed over the v parameters in problem (1),
implies that/?=p if p(i)=pii e[Q,l].

6. The firm / market share is

py

which depends on both the relative price and the v(/) parameter. At the
symmetric equilibrium the market share is equal to v(/).
Because the marginal disutility of labour is zero, the representative household is
optimally willing to work the maximum feasible time, which is assumed to be
one.
The expected value of the minimum condition has been largely analysed in
econometric disequilibrium models, in particular in the context of 'aggregation
over micro-markets in disequilibrium', as is reported by Quandt (1988).
The proposed definition of aggregate employment is the standard addition of
employed workers, which does not take into account that the marginal value of
workers is not necessarily the same in all islands. For this reason the employment
index and the production index are different, even if production is equal to
employment for each firm. We keep the standard definition to be consistent with
the literature on employment and unemployment.



8 Efficiency wages as a persistence
mechanism

Gilles Saint-Paul

Introduction
This chapter explores a dynamic extension of the efficiency wage model of
Shapiro and Stiglitz (1984). The main result is that the efficiency wage
model can generate hysteresis. This is an important result because it is
usually thought that hysteresis can chiefly be explained by the insider-
outsider theory of unemployment, as in Blanchard and Summers (1986). In
part for this reason, it is often considered that the efficiency wage model is a
good model of the natural rate of unemployment but that it has little to say
about its dynamics. This chapter builds a model which shows that this
assessment is incorrect. The intuition behind the hysteresis result is that
when a firm's employment is expected to shrink, workers have a greater
incentive to shirk. In order to prevent them from doing so, it is necessary for
the firm to raise future wages. This will generate an incentive to limit the
number of people it will lay off. Hence the firm's employment will have a
tendency to stay where it is, because deviations from the current value are
costly in terms of incentives. More specifically, we build a model where
effort inducement generates a cost function which is kinked at the current
level of employment, implying corridor effects in the same fashion as is
obtained in models with linear adjustment costs.1

Previous work on business cycles and efficiency wages (including Strand,
1992a and Danthine and Donaldson, 1990) has focused on the effect of
efficiency wages on employment variability. The present chapter is the first,
to my knowledge, to focus on employment persistence.

The chapter is divided into three sections: in the first, the basic assump-
tions of the model are set up and the labour cost function is derived and
discussed. The second section shows how such a cost function generates
hysteresis. The third section deals with some general equilibrium problems.

Presentation of the model
We consider an infinite horizon firm that is subject to shocks to its product
demand and must pay workers efficiency wages in order to avoid shirking.

186
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The model can also be thought of as a model of an open economy where
workers consume an imported good and the representative firm produces
an exported good whose demand fluctuates over time. Hence we will
interchangeably talk about 'the firm's labour force' or 'employment'.

In each period, for a given level of employment /„ the total revenue of the
firm is:

This formula can be interpreted in a competitive fashion, in this case 6t is
just the price of the firm's good in period / and/is the production function.
It can also be interpreted as the total revenue of an imperfectly competitive
firm facing a downward-sloping demand curve. In any case,/is a concave,
increasing function and 6t is a random variable with a cumulative density
function G(6), G' = g. We assume that the 0s are i.i.d. Hence, the firm faces
only temporary shocks.

We assume that the value of the shock in period / + 1 is known at time t by
both the firm and its employees. Hence lt+l is known one period ahead.2

The wage equation

In this subsection, we derive the equation describing wage behaviour under
the hypothesis that workers are paid efficiency wages. For this we use a
discrete time version of the Shapiro-Stiglitz model. Hence we assume that if
people shirk, they can be caught with some probability; that people are
never caught erroneously; and that if somebody is caught shirking he is
fired. Because the penalty from being caught shirking is losing one's job,
employed people must enjoy rents compared to the unemployed. Otherwise
the penalty from shirking would be equal to zero and nobody would
provide effort. This prevents the unemployed from credibly underbidding
the employed, thereby generating equilibrium involuntary unemployment.

Although this assumption sounds quite natural and realistic, it is
surprisingly controversial. In particular, it has been argued that workers
could post a bond when hired, on which they would earn some annuity
while employed, and which they would lose if caught shirking. Bonding
would thus allow the firm to make the loss from shirking large enough to
induce effort without requiring a wage higher than the reservation wage.
Hence involuntary unemployment would be eliminated. This argument is
not very convincing. First, as Katz (1986) argues, bonding is never observed
in practice and is subject to severe legal limitations. Second, the firm would
have an incentive to pretend that the worker has shirked in order to collect
the bond. This problem could be solved with the intervention of a third
party. However, it is clear that such a contract would be costly to enforce,
subject to frequent litigation, with the risk of collusion between the firm and
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the third party. Hence it is likely that paying efficiency wages is a preferable
alternative.3

Once bonding is ruled out, it is clear that firing in case of shirking is the
best alternative, at least in our model. This is because it imposes the highest
possible punishment on a worker, while it is not accompanied by any sort of
costs for the firm (in a more complex model, for example with match-
specific investment and the possibility of erroneous detection of shirking,
other punishment schemes might be preferable for the firm).

Workers have an infinite horizon. In any period t, a worker's instanta-
neous utility is equal to the difference between the amount of money he gets
and the effort he is supplying:

If the worker is employed and he 'shirks', et = 0, if he does not shirk et = 1.
Let Ut (resp. Vt) be the present discounted utility of an unemployed (resp.
employed) person at time t. Let wt be the wage paid in period t.

Suppose that if a worker does not shirk, he loses his job with probability
pt at the end of period t, whereas if he shirks, he loses his job with probability

If y is the discount factor, then a worker who decides to shirk in period t
gets an expected utility equal to:

where Et is the expectations operator conditional on information available
in periods t, which includes 6t+v

If he decides not to shirk, his expected utility is equal to:
Vnt = wt-\+y[(l-pt)EtVt+l+ptEtUt+l]. (1)

In order to avoid shirking in period t the firm must set wages in such a
way that:

Vnt>VsV (2)

We know that workers that are paid efficiency wages typically enjoy
rents. This implies that there are queues for those jobs (in the Shapiro-
Stiglitz model, there is involuntary unemployment). Therefore, the firm can
lower wages to the point where (2) is satisfied with equality while being still
able to attract workers. The condition Vnt= Vst= Vt can be written:

Notice that the current wage plays no role in this equation. What is
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relevant for incentives is the cost of getting fired, which consists of forgone
future wages embodied in Vt+x. Therefore, only future wages determine the
worker's current effort.

Suppose now that there is a monitoring process such that people who
shirk are caught with probability x while they can lose their jobs for other
reasons with probability pt, the two events being independent. Then:

qt=pt + x-xpr (4)
Using (4), (3) can be rewritten:

If (5) is satisfied, then workers will not shirk and Vt = Vnt in every period.
Using this condition and (1) and (5) one gets:

(6)

This is the equivalent of the 'No shirking condition' in discrete time. In
(6), Et_x{Ut —  yUt+l)+ 1 is the alternative wage and the remaining term is
the rent. Given that lt is known at time t —  1, (6) implies that the expected
cost of labour is predetermined. Hence there is no reason for the firm to put
noise in the determination of wr We will thus assume that wt is non-random.
Furthermore, we will restrict ourselves to the case where Et_xUt
—  yEt_xUt+l is roughly constant. What this essentially means is that we
neglect the effect of employment changes on an unemployed person's
expected utility. This assumption can be taken as an approximation, i.e. an
assumption that this quantity does not fluctuate too much. This will be true
if the expected utility from getting a job is a small enough contribution to an
unemployed person's utility. This assumption can be exactly true if we
assume that unemployment compensation is adjusted each period so as to
maintain Ut constant. This is not completely unrealistic since unemploy-
ment benefits tend to be adjusted upwards when joblessness becomes more
of a problem (we relax this assumption in the third section below). (6) can
therefore be written:

w=a + - (7)

where a = Et_lUt-yEt_lUt+l+l ~ l/x; and b = 1/yx.
(7) implies that the higher the probability that a worker be fired at the end

of period t—l, the  higher his future wage must be in order to induce him to
work during period /—I. 4
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Figure 8.1 The total cost of labour in period t + 1

The cost of labour

We now study the total cost of labour for a firm whose workers must be paid
according to (7). We assume that it will choose a uniform rule, with
everybody having the same probability of being fired.5 Thus, each worker
has a probability:

/^ = max {(/,-/,+!)//,,(>}

of being fired at the end of period t. Therefore, the wage that the firm must
offer in period t+ 1 is, according to (7):

(8)

The cost of employing lt+x workers at date t+ 1 is then:

Properties of cost function (8)
Figure 8.1 depicts the cost of employing lt+l workers in period t+ 1. One
can see that this function exhibits a kink at the current labour force. The
marginal cost of labour is lower for lt+l<lt than for lt+l>lr Hence, the
model is formally similar to a model of labour demand with linear
adjustment costs (see Oi, 1962; Nickell, 1986).

The fact that the kink is at the current level of employment implies that
this level will influence the future levels of employment, even if no
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adjustment costs are embodied in the firm's optimization programme.
Furthermore, because of this discontinuity, small shocks will have no effect
at all on the level of employment.

The next section studies the dynamic optimization programme of a firm
that is subject to shocks and whose labour cost function is described by (8).

The dynamics of labour demand

In this section, we study the behaviour of a firm whose labour cost function
is described by (8) above.

Let V(ln 9t+ j) be the expected discounted value of the firm's profit as of
period t, with d the discount rate.

= max

+ SEtV(!t+l,0t+2) (9)

where Et denotes expectations at the end of period /. Notice that we omitted
profits and wages in period t since they are determined in period t—\.

Since 9t+2 is independent of 9t+l we can write:

At the beginning of time t, the firm chooses lt+ {in order to solve (9). This
problem is formally equivalent to a stochastic labour demand problem with
linear adjustment costs as treated in Bentolila (1988) and Bentolila and
Saint-Paul (1994). We briefly derive the solution. One can distinguish three
cases:

1. The optimal solution satisfies lt+l<lr In this case, the first order
condition can be written:

l) = a (10)

where h = H'. This happens whenever 9t+ Y is lower than

a-5h{lt)

2. The optimal solution satisfies /,+ {> lr The first order condition is then:

0t+lf(lt+l) + Sh(lt+l) = a + b. (11)

This happens if 0 /+1 is higher than
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MV
(a)

MC

(b)
MV

MC

Figure 8.2 Determination of employment in period
(a) No change
(b) Expansion
(c) Contraction
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(c)

MV

MC

(10) and (11) can be easily interpreted. The left-hand side is the marginal
value of labour. The right-hand side is its marginal cost, which is a + b when
the firm is expanding but only a when the firm is contracting. When the
marginal value of labour at /,+ x = /, is between a and a + b, it is profitable not
to alter the labour force (case 3).

Furthermore, it is shown in appendix 1 that h is negative and decreasing
and satisfies the following equation:

G(9)d6. (12)

0m(D

This implies that the marginal value schedule MV=9f(l) + dh(l) is
downward-sloping. Because h is negative, the marginal value of labour is
lower than its marginal product in the current period. This is due to the fact
that each additional worker increases the potential firing costs that the firm
would incur if it were to lay off workers in the future. This is embodied in the
gap between 6m and 6M that is larger, the larger is b. Hence, if the firm did not
have to pay efficiency wages, it would hire more people at any given wage.

Figure 8.2 shows that lt+l is determined by the intersection of the MV
schedule and the marginal cost schedule MC which is derived from (8).
Depending on where the MV schedule is located, one can distinguish three
cases 8.2a, 8.2b, and 8.2c, that are the geometric counterpart to the three
cases studied above.
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MV

MC

Figure 8.3 Effects of a small shock

Now suppose that figure 8.2a shows how the economy is 'normally'
operating, say if 6 is equal to its expected value Ed. Suppose that there is a
small shock (i.e. 6t+l^ EO) that shifts the MV schedule. Then it is clear from
figure 8.3 that if the shock is small enough, the size of the labour force is
unchanged. Hence a first implication of the model is that it exhibits corridor
effects:

Small shocks have no effect on the level of employment

Consider now the impact of a large shock, for instance a contraction in
period t+\. Then, as is shown in figure 8.4, the MV schedule shifts
downwards, and this shift is large enough to imply a lower level of
employment in period t + 1. but the relevant marginal cost schedule for
period f + 2 will also shift since it has now a step at the new level of
employment, //+1 < /, (see figure 8.4). Let M C be the new schedule.

Now assume that in period t + 2, 9 is back to its 'normal' value. Then the
new level of employment is given by the intersection of the MV schedule
and the M C schedule. It is clear from figure 8.4 that l(+2 = lt+,: the level of
unemployment does not return to its 'normal' value, and if 6 stays at its
normal value, it will never do so. If the MV schedule were steeper than that
drawn in figure 8.4, then employment would rise in period t + 2, but not
enough to offset the drop in period t+\. Hence there is at least a part of the
temporary shock that persists for ever.

Hence another implication of the model is that:
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MV

195

MC

^+1 = h+2

Figure 8.4 Persistence of large shocks

Large transitory shocks have permanent effects on the level of employment

Notice, however, that this effect is smaller than the transitory effect that
would be obtained if the firm was not paying efficiency wages (i.e. if the MC
schedule was flat). Furthermore, the effect of the shock will persist only
until a new shock changes the labour force.

Hence it is possible to obtain hysteresis in the context of an efficiency
wage model. The pattern of employment obtained in our model differs from
the Blanchard and Summers study in that the size of the shock matters:
small shocks have no effect at all, whereas big shocks have permanent
effects. Another difference is that if the shock is really big, hysteresis will be
only partial, whereas in the Blanchard-Summers model, employment
follows a random walk. Therefore, our model is more similar to the 'linear
adjustment cost' or 'firing cost' view of hysteresis.

Joint behaviour of wages and employment in general equilibrium

The above results were derived under the assumption that the alternative
wage, denoted by a, is a constant. Although this can hold in general
equilibrium for a given rule for the determination of unemployment
benefits, this assumption prevents us from analysing the implications of the
fact that the alternative wage is likely to rise in booms. What would be
needed, ideally, is to derive the joint behaviour of real wages and employ-
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ment under the assumption that the wage is determined by (6). This is an
almost intractable problem. In order to get some insight we work out a
'linearized' version of the model. This will allow us to derive a closed form
solution for the joint behaviour of employment and the real wage. The signs
turn out to be in general ambiguous, and we do some simulations to study
how various parameters affect the system.

We first 'convexify' (8) by assuming that the wage in period t + 1 is equal
to:

wt+l = at+l + biKlt+Jlt) (13)
where ^ is a differentiate, decreasing function such that ^(0) = + oo and
i/f(+oo)=l.In the remainder of the section we shall assume that the total
contribution of \j/ to labour costs is not decreasing in /, implying

xil/'(x)>0. at+l is defined by:

at+l = (EtUt+l-yEtUt+2)+l-l/x.
(13) is consistent with (5) and (6) if, for example, we assume that the firm's
headquarters set total employment, but do not perfectly control how
employment changes are carried out. More specifically, assume that the
firm is divided in /'units' and that the evolution of the labour force in unit /
is determined by:

log lit+! = log lit + log lt+ j - log /, + sit+!
where lit is employment in unit / at time t, lt is the firm's aggregate
employment, and s is a unit-specific shock normally distributed with mean
zero and variance a2. If the number of units is large enough then

1=1

in every period provided this holds in period 0.
We can then compute the probability of losing one's job which is given

by:

-7 exp(-£
2/2(72)(l - (lt+l/lt).eE)de=p(lt+{/lt).

It is clear that pt is a decreasing function of /,+1//,, equal to zero at
lt+i/lt= + oo and 1 at lt+l/lt = 0. According to (6), the wage must follow an
equation like (13), with <K/,+,//,)= 1/(1 -p(It+l/lt)).

This convexification has a cost: we will no longer get hysteresis, but only a
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positive serial correlation of employment in face of i.i.d. shocks. This
correlation can however be made arbitrarily close to one by having a close
enough to zero.

The problem of the firm is then:

(pt t l t l t l t l t l t J t
+ 8EtV(lt+l,Zt+l)

where Z is a set of exogenous variables which describe the state of the
economy at date t, and hence determine the current and future behaviour of
the variable at+l.

The first order condition can be written:

The envelope theorem implies:
dV/dl=b(l?+l/lfW(lt+

Importing this into the first order condition one gets:

We now derive the behaviour of ar We first compute the expected utility
of an unemployed worker. Let wu be unemployment compensation,
assumed constant, and n be the labour force. Then:
• The number of people seeking work in period t + 1 is: n —  lt+ptlt
• The number of people being hired is: /,+ x —  lt+ptlt
• Therefore, the probability of getting a job in period t+  1 is (ptlt + lt+x

-lt)l(n-lt+ptlt).
Hence, one has:

(14)

Using (14) and (5) in the definition of a, one gets:

Hence the equations describing the behaviour of the system are:

liit)-bit+liw<J,M
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1 *(*-/#(/,+,//,))•

along with (13), which describes the behaviour of the real wage.
Our strategy is to loglinearize this system around a 'steady-state'.
Let l=T(\+yt\ e=d{\+r]t\ at = a(\+zt\ W, = W(1+J , ) where y, z, s

and rj are small. The steady-state levels can be derived from the formulae:

Since we are interested in dynamics rather than steady-state levels, we
will not discuss them.

The dynamics of the system around (J, a) are described by the following
equations:

^/^+r" O7)

2 0 8 )
where:

—  1) ———=
ml/(\) —  l J

and:

It can be shown (appendix 2) that (17) has one root between zero and one.
If we assume that the other root is outside the unit circle, then (17) has a
unique solution and employment follows an AR1 process:

where X is the stable root of c, + c2X + c3A2 = 0, and <P = c§k\cx. It is shown in
appendix 2 that <P > 0. The 'sunspot' case where both roots are inside the
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unit circle and (17) has an infinity of solutions cannot be ruled out a priori.
However, it never appears in the simulations that we present below.

Hence what efficiency wage implies here is a positively correlated
behaviour of employment in face of i.i.d. shocks. We now turn to the
behaviour of the real wage. First, the alternative wage follows the process:

Hence the alternative wage is perfectly correlated with employment. As
shown by the simulations below, this correlation can be either positive or
negative. The real wage follows the process:

with:

Once again, the signs are ambiguous and the simulations will yield all
kinds of results. The only thing that can be said is that if gx is positive, g0 is
positive. Hence one has three cases:
• A positive response of the real wage to past employment and the

innovation in employment
• A positive response to past employment and a negative response to the

innovation
• A negative response to past employment and to the innovation.

The main conclusion is that the persistence mechanism due to the effort
inducement problem does not necessarily imply a countercyclical real wage,
as opposed to the partial equilibrium model studied in the previous
sections. The downward pressure on wages due to a slump can well offset
the upward pressure due to incentives while maintaining some persistence.
However, as will appear from the simulations, the degree of persistence
consistent with a procyclical behaviour of wages is limited.

Simulation results
The values of A,do + Adx,go and gx were computed for a 'plausible' set of
parameters implying an average unemployment level of 5 per cent. The
interest rate was taken equal to 2 per cent for both firms and people,
implying a typical period of about a quarter. The results are parametrized
according to three values:
1. x, the probability of being caught shirking. The higher is x, the more

efficiency wage considerations are important.
2. fi= —Tf"(T)lfQ),  the curvature of the revenue function.
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Table 8.1. Response of X,d$ + Xdx,g0,gx to \i

<T = 0 . 0 1 ; J C = 0 . 5

A*

0.1
0.2
0.5
1.0
2.0

X

0.89
0.88
0.87
0.85
0.81

0.85
0.70
0.27

-0.40
-1.56

go

0.22
0.19
0.10

-0 .02
-0.23

g\

-0.17
-0.20
-0.31
-0.47
-0.75

Table 8.2. Response ofX,d0 + ldx,g0,gx to x
<7 = 0 .01; / / = 0.5

X

0.4
0.5
0.6
0.7

X

0.871
0.871
0.868
0.863

1.13
0.27
0.10
0.001

go

0.12
0.10
0.10
0.004

g\

-0 .39
-0.31
-0.28
-0.27

Table 8.3. Response ofX,d0 + Xdx,g0,gx to o

G

0.1
0.05
0.025
0.01
0.005

X

0.53
0.65
0.76
0.87
0.92

do + Xd,

1.68
1.66
1.02
0.27

-0.16

go

0.48
0.48
0.31
0.10
0.001

g\

0.36
0.23

-0.06
-0.31
-0.42

3. <J, the 'diffusion parameter'.
The results are reproduced in tables 8.1, 8.2 and 8.3 above. The main

findings are the following:
• When x increases,  X decreases: when monitoring is more efficient, it is less

necessary for the firm to promise higher wages in slumps, which lowers
'pseudo-adjustment costs', thereby diminishing the amount of serial
correlation.
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• When fi increases, k decreases: the more curved the revenue function, the
more costly it is to deviate from the long-run optimal level of employ-
ment. In addition to that, the simulations show that both the wage and
the alternative wage tend to be less procyclical when \i increases. For
example, one gets the following results for a = 0.01 and x = 0.5. For low
values of /*, the alternative wage is positively correlated with employment
and the real wage positively correlated with lagged employment. For
high values of \i, these correlations are negative. In addition to that, the
response of the wage to the innovation is always negative, all the more so
since \i is big. Hence, in order to get a high serial correlation and at the
same time a procyclical behaviour of the real wage, it is necessary to
assume a low curvature of the firm's revenue function.

• The effect of a is also interesting. Not surprisingly, when a decreases, k
increases. This is because when a decreases, one gets closer to the
previous section's case where employment reallocation is fully concen-
trated and hysteresis holds. However, when a decreases, the real wage
becomes less procyclical. Thus in our example, the real wage is positively
correlated with past employment and the innovation in employment for
<r = 0.1 and cr = 0.05, but the latter correlation becomes negative for G
smaller than 0.025 and the former becomes negative at a = 0.005. Hence
there is a trade-off between the amount of serial correlation one is able to
get and the procyclicality of the real wage. Given that i.i.d. shocks at the
firm level were assumed, and that only a small amount of real wage
procyclicality is needed in order to match the data, we conclude this
section by saying that the model can generate an important amount of
serial correlation in employment while implying a procyclical real wage.
Hence the previous section's results do not hinge on the convenient
assumption that at is a constant. The fact that shrinking firms must
increase compensation to induce effort from their workers does not
necessarily imply a countercyclical real wage at the aggregate level.

Conclusion

The main conclusion of this chapter is that a great deal can be learned from
extending the efficiency wage model in order to account for dynamic
phenomena.

The main result is that the efficiency wage model can generate hysteresis
in unemployment. Hence it can compete with the insider-outsider theory of
unemployment in order to explain this persistence. This is an important
result in light of the fact that a lot of countries exhibit very persistent
unemployment in spite of a very low rate of unionization (USA, France).
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Furthermore the amount of persistence generated by insider models is
likely to be small, both theoretically and empirically (see Layard, Nickell,
and Jackman, 1991).

A natural extension of the model would be to include the calibration
exercise of the previous section in a full real business cycle model to
calibrate the joint behaviour of output, consumption, investment, unem-
ployment and real wages.

Appendix 1: solution of the firm's optimization problem

The problem is:

V(lp9t+l) = max6t+ / ( / , + x)- {alt+1

Let us define EtV(lt+l90t+2) = H(lt+l) (9t+2 is independent of 0,+1);
EtdV/dl(lt+u6t+2) = h(lt+l) = H'(lt+l).

It is clear that the solution must be of the following form:

mfoT0M<et+l9lt+l>lr
In order to solve this problem we must determine the critical values 6m

and 6M and the value of /,+ x when it differs from /,.
(a) If / /+! < lt9 the first order condition (FOC) is:

6m must be the value of 6 such that this condition holds for lt+x = lt:

6m(lt)=(a-Sh(lt)W(lt).

In this case, the envelope theorem can give us the value of dV/dl(lp0t+l):

dV/dl=-b

(b)If/,+ 1>/,,theFOCis:

6M must be such that this condition is true for lt+x = lt:

The envelope theorem implies in this case:

dV/dl=0.

(c) Suppose now that 0t+l is between 6m and 9M. Then lt+l = lr As the
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firm's choice of /,+{is at the kink of the total cost function, we cannot apply
the envelope theorem, but we can compute directly dV/dlt:

)

Since in this zone /,+ j = /, we have:

dlt+l/dl = \;dm<ix{ltjt+l}/dlt=\.

Hence:

+ 5h(lt)-(a + b)

which is between - b and 0 if 0r+1 is between 6m and 6M.
Let us now compute the h function. Let G be the cumulative density

function of 6, g = G ' :

h(lt) = Et+ldV/dlt(lp6t+l).

The above calculations imply that:

oM

h(lt)= -bG{dm)+ ([0f(lt) + 5h(lt)-(a + b)]g(0)d0. (Al)

This implies that h{l) is always lower than 0 and greater than —bG(8 M).
Furthermore, after integrating by parts, one gets:

oMd,)

h(lt)=-f(lt) f G(0)dO. (A2)

Appendix 2: properties of (21)

We have the following results:
1. i/'/(l) + *A(l)>0. This is because we have assumed that the contribution

of \j/ to total labour costs was increasing in employment.
2. i/Kl)> 1. This is because iA= 1/(1 -pt).
3. d0 + dx > 0. To see this, compute it using the formulae of the text:
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which is positive, since ^ ' < 0 , i^(l) + ^ ' ( l ) > 0 and \j/> 1.
4. dx>0.
5. 2\l/'(\) + il/"(l)>0. This comes from the second order conditions which

must imply that V be locally concave. One has d2V/dl2= —b(2ij/f(\)

6. cx > 0 derives from the previous result.
7. cx + c2 + c3<0, since it is equal to STf (7)-(do + dx)<0.
8. That cx + c2k + c3/l2 has one root between 0 and 1 is a corollary of (6) and

(7).
9. That c0X/cx > 0 is straightforward.

Notes
This chapter was prepared for the University of Warwick Macroeconomic Work-
shop (July 1993). I thank Olivier Blanchard, Athanasios Orphanides, Michael Piore
and Julio Rotemberg for helpful comments and suggestions
1. The model has the feature that wages rise when employment goes down. One

might consider this feature as unattractive, since it is observed that the real wage
is slightly procyclical. However, countercyclicality of the real wage is not implied
in a strict sense by our model. Rather, what is needed is just that total
compensation be countercyclical. In particular, in Saint-Paul (1990), we extend
the model by allowing the firm to make severance payments, contingent on being
fired for a reason other than shirking. It is shown that this generates the same
kinked labour cost function, but that the real wage can go either up or down in
response to positive increases in employment. It will also be shown below that
even if all compensation is in the form of wages, procyclicality of the real wage
holds in partial equilibrium, but not necessarily in general equilibrium.

2. More precisely the timing can be described as follows: each period t is divided in
three subperiods. In the first subperiod, the firm determines employment /, for
period t. In the second subperiod, the value of 6t+l is known. In the third
subperiod, workers produce and are paid wages wt. What is crucial is that 9t+} is
known before period fs production is undertaken. Another assumption is that
no firing can occur in the second and third subperiod. This assumption implies
that wt cannot be used to induce workers to work in period t, which simplifies the
analysis considerably. Although this structure might seem a little tricky, what is
essential in the model is the interaction between the expected change in
employment and the incentives to shirk. The particular timing we use will allow
us to translate the intuition into a very simple form for the labour cost function,
but the results do not rest crucially on the particular set-up of the model.

3. The purpose of this chapter is not to analyse in detail the microfoundations of the
efficiency wage model from the point of view of contract theory. For this we refer
the reader to Carmichael (1985) and MacLeod and Malcomson (1993). Rather,
we take the efficiency wage model as granted and derive its implication for
macroeconomic dynamics.

4. An important issue is whether the firm will have an incentive to reveal its private
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information concerning tomorrow's value of 6. In Saint-Paul (1990), it is shown
that this is indeed the case.
In Saint-Paul (1990), it is shown that under this cost structure the distribution of
firing probabilities across workers has no effect on the total cost of labour. The
assumption of a uniform firing rule is therefore, innocuous.



9 Efficiency, enforceability and
acyclical wages

Christian Schultz

Introduction

One of the puzzles of modern macroeconomics is the apparent low
volatility of the real wage over the business cycle. Employment tends to
vary too much compared with the real wage, at least if the data are to fit
standard macroeconomic models (see, for example, Blanchard and Fischer,
1989, for a quick empirical overview). The purpose of this chapter is to
present a small model which can add to the understanding of why the real
wage is so flat over the cycle.

We will study a simple example of a labour market where a firm employs
a number of workers organized in a union. The union decides on the wage,
the firm on the employment. The parties engage in a long-term relationship,
and (as is well known) this gives them the opportunity to realize better
outcomes than the one-shot non-cooperative equilibrium. The firm's
revenue is subject to stochastic shocks: in some periods the (linear) demand
curve is more favourable to the firm than in other periods. We focus on the
efficient outcome sharing the surplus over the non-cooperative outcome
equally. Here the wage is lower than in the non-cooperative outcome, and
in return the firm employs more workers than it would like to do at this
wage. When the parties' discount factor is sufficiently high, this outcome
can be implemented in each period in a subgame perfect equilibrium of the
infinitely repeated game. Although the firm in each period would like to
employ fewer workers at the efficient wage, it restrains from dismissing
workers, since the union will punish it for doing so in future periods by
setting higher wages.

However, since revenue is fluctuating there are some periods where it is
particularly tempting for the firm to deviate. In the chapter's model these
are the good periods. If the discount factor is only moderately high, then
this temptation may become too big for the firm, and equilibria where the
surplus sharing efficient outcome is implemented in each period do not
exist. The firm would deviate in the good periods. On the other hand there

206
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are no enforcement problems in the bad periods. Evidently, it is best for the
parties to implement efficient equilibria. Since the temptation to deviate for
the firm is increasing in the wage and it is only in the good periods that this
temptation is too high, the best the parties can coordinate on is an
equilibrium where the wage is lower in the good periods than in the surplus
sharing efficient outcome, and where the wage in return is higher in the bad
periods than in the surplus sharing efficient outcome. The enforcement
problems therefore induce a wage which is more flat over the cycle than is
the case for the surplus sharing efficient outcome. In fact, it turns out that
the more flat is the wage, the smaller can be the discount factor without the
enforcement problems becoming too serious. If the expected payoffs of the
efficient outcome can be implemented, it can always be implemented by a
constant wage. Evidently, this wage also fluctuates less than the Stackelberg
equilibrium wage.

Another possible explanation of the flat wage over the cycle is offered by
the theory of labour contracts (see, for example, the overview in Hart,
1983). If workers are more risk-averse than firms, workers and firms have
incentives to construct labour contracts insuring the workers by having
(relatively) flat wages over the cycle. In order not to replicate the results of
this literature, we consider risk-neutral workers.

This chapter draws on Schultz (1993) where the same issues are con-
sidered in a more general setting. Rotemberg and Saloner (1986) were the
first to consider the best surplus sharing equilibrium in a model with
fluctuating revenue and a moderate discount factor. They consider an
oligopoly. Espinosa and Rhee (1989) consider a union and a firm in an
infinitely repeated game. They show that the efficient outcomes can be
sustained as subgame perfect equilibria for a sufficiently high discount
factor. Furthermore, for the case of fluctuating revenue and a moderate
discount factor they show that there are equilibria where inefficient
outcomes are implemented in each period. They do not consider whether
there also are efficient equilibria in this case, and they do not try to
characterize the behaviour of wages.

The organization of the chapter is as follows. The second section presents
the model, and subgame perfect equilibria of the infinitely repeated game
for high discount factors are studied in the third section. The fourth section
deals with subgame perfect equilibria of the infinitely repeated game when
discount factors are moderate, and the fifth section concludes.

The model

We consider a firm and a union in a long-term relationship. Time evolves
from t = 0,..., oo. In each period, the firm produces output q by means of
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labour input L. We assume that the firm has a constant returns to scale
technology, so q = L. The firm faces a downward-sloping demand curve for
its output, the inverse demand curve is p = a - q, where p is the price. The
intercept a is a stochastic variable which can take on two values <xg and oib
where ag>(xb>0. The demand shock is independently and identically
distributed over time, the probability of the good demand shock ccg is ij/,
0 < \jj < 1. In each period both the firm and the union learn the shock before
any actions are taken. There is symmetric information. This is an important
assumption for our results, but also a reasonable one. We conceive of the
length of time in which labour contracts are fixed as short relative to the
length of the business cycle. After having learned the shock, the union sets
the wage w for the period, and the firm then decides on the period's
employment L. Before the next period, the union sees how many were
employed in the period.

The total revenue of the firm is T(L, a) = (a —  L)L and the profit in a
period is n (w,L, a) = (a — w —  L)L. The firm seeks to maximize the dis-
counted sum of expected profits, it has a discount factor <5, 0 < 5 < 1. The
union's per period utility function is U(w, L) = wL. It seeks to maximize the
discounted sum of expected utilities, it has the same discount factor as the
firm.

Given the wage set by the union w, the profit maximizing employment for
the firm is Ld(w,<x) = ̂ . If the parties act non-cooperatively - as in the
Stackelberg equilibrium to the one shot game - the union takes this labour
demand function as given and chooses the wage which maximizes its utility,
i.e. w which solves maxw wLd(w, a). The solution is ws(oc) = §. The resulting
employment in the Stackelberg equilibrium is Ld{ws{a),oi) = % The union's
utility then is Us(oc) = ws(oc)Ld(ws((x),(x) = i9 and the firm's profit is ns(u)
EE (a - w*(a) - Ld(ws(a\ a))Ld(ws(a), a) = &

It is well known that the Stackelberg equilibrium is inefficient. The total
surplus to be divided among the parties in a period is
n (w, L, a) + U(w, L) = T(L, a). The maximal possible surplus is maxL T(L, a)
= f > T + fg=£/*(a) + 7i5(a). The corresponding employment is L*(a) = f,
higher than the employment of the Stackelberg equilibrium % That there is a
unique efficient employment level is due to the special utility function
assigned to the union. While there is only one efficient employment level,
there are many efficient wage rates, the union wishes high wages, the firm
low. In the sequel we will concentrate on the efficient outcome where the
parties share the extra surplus over the Stackelberg equilibrium equally.
This is obviously not the only conceivable outcome, but seems a natural one
to focus on. We will call it the efficient surplus sharing outcome. The results
we will get will not change qualitatively, if we instead concentrate on some
other outcome sharing the surplus in some (other) fixed proportion.
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The total surplus to be divided is ^. In the Stackelberg equilibrium, the
union's utility is Us(oc) = y, and the firm's profit is ns(oc) = fg, therefore if the
parties share the extra surplus the union's utility is £/*(a) = ^a2 , and the
firm's profit is 7t*(a) = ^a2. With the efficient employment L*(a) = §, this
means that the wage of the efficient surplus sharing outcome is w*(a) = ^a.

The repeated game, high discount factors

In this section we will derive conditions under which the surplus sharing
efficient outcome can be implemented in a subgame perfect equilibrium of
the infinitely repeated game. The per period expected utility for the union in
such an equilibrium is EU* = il/U*((xg)+ (l — \l/)U*((xb), the expected per
period profit for the firm is En* = il/n*((xg)+ (l — \l/)n*((xb). At time t, the
history ht of the game consists of all previous shocks, wages and employ-
ments. The union can condition its choice of wage in period t on this history
ht and the periods shock a r When the firm chooses employment it can
condition on hp a,, and the wage set by the union wt. A strategy for the union
is a sequence of functions wt\ (hn a,) -• R, similarly a strategy for the firm is a
sequence of functions Lt\ (/*,,a,,w,)-> R.

We will now construct an equilibrium in which the players in the normal
phase play the wages and employments belonging to the surplus sharing
efficient outcomes. Since the firm has a short-sight incentive to deviate from
the employment level L*(a), the equilibrium has to specify a punishment
for the firm if it deviates. We will take the punishment to be infinite reversal
to the one shot Stackelberg equilibrium. This is not the hardest conceivable
punishment. Since we are interested in conditions under which efficient
outcomes can be implemented, one could argue that we should use the
hardest possible punishment for defections, cf. Abreu (1988). However, as
argued by the literature on renegotiation - see, for example, Farrell and
Maskin (1989) - one may wonder how reasonable mutually devastating
punishment phases are. Such punishment phases will, although they are
part of a subgame perfect equilibrium, very likely be renegotiated by the
players. Since this is not a chapter on the deep issues of renegotiation
proofness we will simply content ourselves with looking at equilibria where
the punishment consists of trust breaking down and players reverting to
non-cooperative play, i.e. reverting to infinite repetition of the Stackelberg
equilibrium.

We claim that for a sufficiently high discount factor the following
prescribe the strategies of a subgame perfect equilibrium.
• If / = 0 or only w*(a), L*(a) has been played so far, play w*(a), L*(a).
• If the union in a period deviates to w ^ w* (a), the firm in that period plays

Ld(w,ot). In future periods, play w*(a), L*(a) unless somebody deviates.
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• If the union plays w*(a) and the firm deviates from L*(a), or the union
plays w # w* (a) and the firm deviates from Ld(w, a), play ws(ot), Z/(a) in
all future periods.
With these strategies, the union can never gain from a deviation. If it

deviates, the firm immediately responds with employment on the labour
demand curve and this gives the union a utility which is less than or equal to
the Stackelberg equilibrium utility, which is less than the per period utility
in the equilibrium above. If the union deviates, the equilibrium prescribes
the best possible actions for the firm, so the firm will not deviate from these.
Evidently, no one can gain by deviating in the punishment phase where the
Stackelberg equilibrium is played in each period.

Finally, consider the firm in the normal phase of the equilibrium. If it
deviates, it should deviate to the best possible employment Z/(w*(a),a),
this gives the profit nd(a) = TC (w* (a), Ld(w* (a), a), a) = (^a)2. If the firm does
not deviate in this period, it will receive profit 7r*(a) = ^a 2 in the period.
Thus, the temptation to deviate is nd(ot) —  n*((x)= (^a)2. Notice, that this
temptation depends on the state, and it is highest in the good state.

A deviation by the firm is punished by reversion to the Stackelberg
equilibrium in all future periods. The expected loss of profits induced by
this is

\-8\Y32 v r / 3 2

Notice, that this punishment is independent of the state. Clearly, this is
due to the assumption that the shock is i.i.d. If the firm should not deviate in
a state, the temptation to deviate should be less than the punishment, i.e. it
is necessary that

§a2<
14^(K2+O-</'K2)- 0)

The right-hand side is independent of the prevailing state, whereas the
left-hand side is higher in the good than in the low state. Furthermore, the
right-hand side approaches infinity when 8 approaches one, it approaches 0
as 8 approaches 0, and y ^ is increasing in 8. Therefore there are two critical
<5s, 8b and 8g, where 0 < 8b < 8g < 1, such that, if 8b < 3, then the firm will not
deviate in the bad state, and ifdg<8, then the firm will not deviate also in the
good state. The higher is the difference between ag and ocb and the higher is i//,
the higher is 8 and the lower is 8b.



Efficiency, enforceability and acyclical wages 211

The repeated game, moderate discount factors

Suppose now that the discount factor is not sufficiently high to prevent the
firm from deviating in the good state, i.e. assume that 3b < d < Sg. Then the
surplus sharing efficient outcome cannot be enforced in each period. The
problem is that the wage in the good period is too high when the firm is to
employ the high number of workers L*(ctg). To see this, notice that at the
efficient level of employment, the firm's temptation to deviate as a function
of the wage is

n(w,Ld(w,oc),cc)-n(w,L*(cc),(x)
a — w\ a — w ( a\ a w2 ' '

This temptation is increasing in the wage. When bb < b < dg, the wage in the
good state is too high. On the other hand, the firm's gain from a deviation in
the bad state from L*(ab) (where the wage is w*(az,) = ^a^) is strictly
smaller than the punishment. Therefore the firm will not wish to deviate in
the bad state even though the wage is increased somewhat in this state. This
means that the enforcement problem can be relieved by lowering the wage
in the good state, which makes the union worse off, and compensating the
union in the bad state by raising the wage there. This can be done without
the firm wishing to deviate in the bad state. Therefore, if the discount factor
is below dg, but not too much below, there is an equilibrium where the
players in this way achieve the same expected utility and profit as in the case
where the surplus sharing efficient outcome is implemented in each period.
Furthermore, this is the only way the players can achieve this outcome. In
this case the wage is flatter over the cycle than the wage of the surplus
sharing efficient outcome itself.

We now show that if the difference between states is not too large there is
a discount factor 5 where db<6<Sg, such that if S<S<Sg, then there is an
equilibrium to the infinitely repeated game where the expected payoffs are
the same as if the surplus sharing efficient outcome is implemented in each
period and where the wage is the same in both states.

Theorem 1: There is a d where db<S<6g, such that if d<S<Sg,
then the surplus sharing efficient outcome cannot be implemented in each
period in a subgame perfect equilibrium with Stackelberg punishment. If
furthermore, \\j/0L2

g + (1 - \j/)ab(^ab -ocg)>0, then there is a subgame perfect
equilibrium with Stackelberg punishment with expected average payoffs
EU* and En*, where the wage is constant.
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Proof: It follows from the previous section that the surplus sharing
efficient outcome cannot be implemented in each period when 5 < dg.

Provided employment is efficient in each period, a constant wage giving
the union the same expected utility as if the surplus sharing efficient
outcome is implemented in each period fulfils

g ^ 0K2+ 0 -
implying that

Then w*(ocg)>w>w*(a6), as ocg>ocb. Let the strategies be as in the
equilibrium of the previous section with the only difference that the union in
the normal phase plays w rather than w*(a).

If the union deviates in a period, it can maximally get the Stackelberg
utility in that period. If wL*(a)> Us(ct), then the union will never deviate.

(X
This is fulfilled in both states if w > ~. This condition can be rewritten

4
\ ij/(Xg + (1 - \l/)oLb{^oib —  ccg) > 0, which is the condition of the Theorem. (This
condition is fulfilled for ag and <xb sufficiently close or \jj sufficiently large.)

Clearly, just as in the previous section, the firm is interested in punishing
the union for a deviation.

If L*(a) is the employment and w the wage, the firm's expected profit is
the same as if the surplus sharing efficient outcome were implemented in
each period. Hence, since deviations are punished by Stackelberg reversion,
the expected punishment is the same as in the previous section, i.e. equal to

6 ( a2 ab\^ i + 0 ~~ *A)^ )• Again this is increasing in 5. The temptation to
32 32 J

deviate is given by (2). As w* (ccb) < w < w* (<xg), the temptation to deviate in
the present equilibrium is greater than it was in the equilibrium of the
previous section in the bad state but smaller than it was in the good state. As
the punishment is increasing in the discount factor the theorem is proved.
•

Notice that the condition on the as and i// is much stronger than needed in
order to ensure that the union will not deviate. It ensures that the union will
not even get a short-term gain from a deviation. If it was not fulfilled one
could still construct equilibria where the union would not deviate by
making longer punishment phases for the union. As the above is just an
example, we did not find it worthwhile to introduce these extra
complications.
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If the discount factor is exactly equal to d of the theorem, then the only
equilibrium which implements expected payoffs equal to those of the
surplus sharing efficient outcomes is the one with the wage of the equili-
brium. If the discount factor is higher, there are equilibria giving the same
expected payoffs where the wage varies a little over states, but as long as the
discount factor is less than Sg, then the wage rate has to vary less than that of
the surplus sharing efficient outcomes.

Concluding remarks

One may wonder how shocks to the slope of the demand function or to the
productivity of the firm affect the implementable wages over the cycle. In
Schultz (1993) it is shown that for a class of examples with linear demand
and constant returns to scale productivity shocks and shocks to the slope of
the demand function give the same result as we got here. The temptation to
deviate for the firm is greatest in the good state. If the discount factor is
moderate, then implementable outcomes will have a flatter wage over the
cycle than the surplus sharing efficient outcome.

Another interesting question is how the results are affected if the shocks
are not i.i.d., but follow a Markov process with persistence. In Schultz
(1993) it is shown (in an example) that this does not change the qualitative
nature of the results.

The Stackelberg equilibrium wage is ws(cc) = % it is higher in the good
than in the bad state. It therefore follows directly that the wage implement-
ing the surplus sharing efficient outcome for moderate discount factors is
flatter than the Stackelberg equilibrium wage over the cycle.



10 Business fluctuations, worker moral
hazard and optimal environmental
policy

Jon Strand

Introduction

The main purpose of this chapter is to study the relationship between
environmental and employment variables in an economy subject to worker
moral hazard, and the way this relationship is affected by environmental
policy. We consider two models. In model 1 (dealt with in the second
section) firms face a stationary environment, while in model 2 (the third
section) the (exogenous world market) prices of firms' products fluctuate
randomly between a high and a low level, p0H and p0L. The main focus of the
chapter is model 2, model 1 serving mainly as benchmark for the discussion
of model 2.

In both models we assume that there is a worker moral hazard problem in
production, in a way analogous to Shapiro and Stiglitz (1984), as workers
must have incentives to put up a given total effort level, enforced through a
wage exceeding the level clearing the labour market. This implies that
employment in the economy in general is inefficiently low. In our set-up
total effort has two components, namely output related effort, and effort
that serves to reduce pollution discharges from the firm (which are assumed
to be perfectly observable by outsiders). The firm can decide how a total
worker effort x is to be composed of effort affecting output, y, and that
affecting environmental care, z. The firm is subject to a constant unit
pollution tax r, set by the government. The firm's output may also be
subsidized or taxed by the government, at a given constant rate.

For model 1 (dealt with on pp.217-24) we show that the level of
employment (for the representative firm and for the economy as a whole) in
general is inefficiently low at a solution with no output subsidies. Assuming
that some unemployment always remains as part of an optimal solution,
first best can be implemented by subsidizing output sufficiently, and letting t
exceed the (constant) marginal social damage cost from pollution, v. With
no output subsidies, the government may, as part of a constrained optimal
solution, choose to set t either higher or lower than v. t< v{t> v) when an

214
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increase in t also affects employment, N, negatively (positively). With no
effect of t on N, t = v. We also study balanced budget output subsidies
financed by pollution taxes. Under some assumptions these may implement
a first best solution. When they do not, such policies are still more efficient
than using pollution taxes above. There is then always a tendency for t to
exceed v, at the solution chosen by the government.

In model 2 (pp.224-30) we extend model 1 to a context of fluctuating
demand, by assuming that firms' output prices in the world market jump
stochastically between a high and a low level, p0H and pOL, according to a
Poisson process. In Strand (1991, 1992a) various aspects of such an
economy have been explored. I have shown there that for small price
variations, output and employment in each firm are fixed over time, while
for larger price variations employment varies, but there is an extra
inefficiency to employment in high-demand periods. In the context of the
present model our conclusions now differ substantially, depending on
whether N(H) = N(L), or N(H)>N(L). When N(H) = N(L), a small
increase in N(L) now automatically also raises N(H). This implies that
policies which increase N(L) now become more advantageous than in the
one-state case. In particular, when only pollution taxes are used, t should
now exceed v by more for a given positive dN(L)/dtL, and both the L-period
employment subsidy rate and pollution tax rate should be higher given a
balanced government budget. In //periods employment subsidies are now
useless (as long as N(H) remains unchanged), and the government prefers
to set t=v. When we impose an intertemporal budget balance restriction,
revenues from pollution taxes in both states should now be used to
subsidize L-period employment, i.e. the government budget will be under-
balanced in L periods, and both tL and tH should exceed v.

When N(H)> N(L) at relevant solutions, the government's policy in
each individual state is now much as for model 1. The only difference is
that since the degree of employment distortion is greater in //periods than
in L periods, the employment subsidy rate should be higher in H periods,
and the government budget underbalanced in H periods, given an inter-
temporal budget balance restriction. Also here, tL and tH should both
exceed v.

The chapter provides a new approach to the analysis of employment
determination under fluctuating demand, by integrating work on environ-
mental policy when workers' efforts are hard to enforce (Strand, 1992b,
1992c) with work on business cycles under worker moral hazard (Strand,
1991, 1992a). The basic idea is that firms' pollution to a significant degree
depends on the care taken by employees to avoid it, and that this care is part
of an effort subject to enforcement by the firm. These higher demands on
workers' environmental care will affect firms' behaviour in other respects,
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through changes in the required non-shirking wage and/or other types of
effort. Here we have simplified by assuming that total effort is constant, and
that required increases in environmental effort thus do not affect the wage
but only reduce productive effort requirements. This framework still
permits us to derive several interesting conclusions, as referred to above.
The most interesting of these can be restated briefly. First, when the
government can only use a proportional pollution tax, this tax will be set
higher or lower than marginal damage cost from pollution, depending on
whether the tax affects employment positively or negatively. Secondly, the
government revenue created by pollution taxes also provides room for
more efficient policies by subsidizing employment, and gives the govern-
ment incentives to increase the pollution tax more in excess of damage
costs. Thirdly, with demand fluctuations, we find for small variations in
output prices that employment subsidies are more advantageous in low-
demand periods, and that the pollution tax then should deviate more from
marginal damage cost, while for larger fluctuations the opposite may be the
case. For the conduct of environmental policy over the business cycle we
thus reach no simple and clearcut conclusion: sometimes the environmental
tax should be raised going from a high- to a low-demand period, and at
other times it should be lowered.

The amount of other literature directly related to the current chapter is
limited. Besides the author's own studies already referred to (Strand 1991,
1992a, 1992b, 1992c), we may mention a recent study by Gabel and
Sinclair-Desgagne (1993), which studies managerial incentives for environ-
mental policy in a setting where managers may allocate effort among
different tasks, among which is environmental care. That study uses a more
traditional principal-agent framework, whereby the managers' compensa-
tion system trades off productive efficiency and insurance optimally for
risk-averse managers, but does not consider consequences for environmen-
tal policy. There also exists an earlier literature discussing efficient environ-
mental policy under different types of market imperfections, e.g. Buchanan
(1969), Lee (1975), Sandmo (1975) and Barnett (1980).1 These studies
generally show that market imperfections create incentives for the govern-
ment to set environmental taxes different from marginal damage cost. We
reproduce this basic result in a setting of worker moral hazard, but the
scope of the present chapter is wider, compared both to these and the Gabel
and Sinclair-Desgagne study, integrating environmental policy in a macro-
economic and employment fluctuation framework. We may finally men-
tion the recent work on constrained-efficient environmental policy, by
Bovenberg and van der Ploeg (1992, 1993) and Strand (1993a). Bovenberg
and van der Ploeg show that employment may decline with higher
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government preferences for environmental care, even when the employ-
ment tax is reduced (and the natural resource tax rate increased). This is
generally in contrast to the main results from the present model. Strand
(1993a) shows that in a distorted economy where individuals' behaviour is
affected by the pollution level, environmental taxes may be either above or
below marginal damage cost, and that low taxes generally are conducive to
high employment. Note however that none of these studies specifies any
microeconomic model whereby labour market imperfections are explicitly
introduced, in contrast to our model.

Model 1: the stationary solution

In this first model we study a stationary economy, with no changes over
time in the parameters facing the firms, nor in their behaviour. Assume that
the number of firms in the economy is constant and normalized to one, and
their output given by

Q=f(yN),f>0J"<0 (1)

where N is employment, N > N the labour force, and y is work effort put up
by workers. Pollution from the firm is given by

h = h(N,z\ hN>0, hz<0, hNN>0, hzz>0, hNZ<0, (2)

where z measures workers' 'environmental effort' to avoid pollution.
Increases in z reduce pollution, but at a decreasing rate while pollution
increases with TV, possibly at an increasing rate. hNZ<0 implies that
increases in z for all workers reduce pollution more, the more workers there
are.2

We assume that firms have limited capacity to monitor workers' efforts,
and that both y and z must be enforced through an 'efficiency wage' in a
manner analogous to that of Shapiro and Stiglitz (1984). Workers are
controlled simultaneously for both regular work effort and environmental
effort, at random intervals which are exponentially distributed with para-
meter q. Define EV(N, N) as the worker's expected lifetime value from non-
shirking with respect to both y and z, and EV(S,S) as the corresponding
value when shirking with respect to both. We then have

) = w-y-z + b[EVu-EV(N,N)] (3)

) = w+(b + q)[EVu-EV(S9S)]. (4)

Here r is the common discount rate, b an exogenous turnover rate among
workers, and EVU the value of being currently unemployed. (4) implies that
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the worker is always fired when caught shirking with respect to x =
where x is total effort. It can then be shown that the relevant single non-
shirking constraint for workers with respect to x is EV(N, N)>EV(S, S).3
EVU is defined by

rEVu = s + c[EV(N,N)-EVu]9 (5)

given that all firms always enforce efforts and behave identically, where s is
the opportunity cost of labour (taken to be the value of non-market
activities), and c the rate of jobfinding. We will assume that the firm can
decide on y and z individually, at non-negative levels, but that their sum
y + z = x is exogenous and constant. This implies that the total on-the-job
effort of a worker who works efficiently is given, but that it can be
distributed between productive effort and environmental effort in any way
possible decided (and, we may assume, dictated) by the firm.

At an optimal solution for the firm, the worker non-shirking constraint
EV(N, N) > EV{S, S) is assumed to be binding.4 This leads to the following
constraint on the wage:

w*, (6)
u ,

q
or alternatively using (5), when all firms behave identically,

r+q+b+c
w>s + — x. (6a)

Since EVU is exogenous to the individual firm, however, (6) is the relevant
condition on which to base the firm's decision on what levels of y and z to
enforce. Here w* is defined as the non-shirking constrained wage. Note that
since at equilibrium, flows into and out of unemployment must be equal,
and that there is no shirking (assuming homogeneous labour),
c - (N- N) = b • N, and thus b + c=[N/(N- Nb)]b = b/u9 where u is the rate of
unemployment. We here see that as w—•(), i.e. full employment, w* —• oo,
implying that full employment in this sense can never be reached. We also
see that for any (less than full) employment level, w* > s + y + z = wc, where
wc is the standard competitive wage in this case, for the given efforts y and z.
This implies some inefficiency in the allocation of labour in the unregulated
market solution. We will, however, assume that/*(N) < s + y + z, given that
y and z are also socially optimal. As seen below, this assumption implies the
possibility for the government in principle to eliminate these labour market
inefficiencies, through appropriate taxes and subsidies.

The firm is assumed to maximize profits given by

n=pf(yN)-wN-th(N,z), (7)
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where p is the output price facing firms, and t is a unit tax on pollution,
whose level is assumed perfectly observable by the government.5 From the
assumptions made above, w > w* will be a strictly binding constraint on
firms in maximizing profits with respect to employment, N, and the
required levels of work and environmental effort, y and z. Above we have
seen that only the sum y + z = x is of importance for the determination of w.
Assuming x constant implies dz= —  dy.6 The first order conditions for the
firm with respect to N and z are then

dn
f(N)w-thN(N,z)=o (8)

| j = -pNf(yN)-thz(N,z) = O. (9)

The effects of changes in/? and t on N and z are now found as follows:

^ ^ (10)

=^ [Phj+PNf"(NhN+yhz)-t(hNhzz-hzhNz)] (11)

(12)

\ [hf+f-iNh+h^iKhh^)]. (13)

Here
D = (py2f ~ thNN)(pN2f"- thzz)- (pf +pyNf" + thNz)\ (14)

which is positive when the firm's second order conditions for maximum
profits are fulfilled. A necessary condition for an internal solution with
respect to both N and z is here that yhzz + NhNz > 0, and thus dN/dp > 0.7 The
other derivatives cannot be signed unambiguously from our assumptions.
However, when hzhNN<hNhNz and NhN+yhz<0 (which both seem reason-
able), dz/dt > 0. Intuitively, z increases in / since a higher environmental tax
makes it worthwhile for the firm to require more effort for pollution
avoidance, and relatively less for production activities. Reasonably also,
dN/dt and dz/dp are both ambiguous. An increase in t thus lowers general
profitability but increases the marginal productivity of TV since y generally
drops. This yields counteracting forces on the demand for TV. Similarly, an
increase in p increases N, but it is unclear how y, and thus z, are affected. If
the marginal efficiency in lowering pollution from increasing z is improved
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when L increases, z is likely to increase as well, while in other cases z could
decrease. We will here make no specific assumptions about the signs oidNj
dt and dz/dp.

Consider finally the effect of/? and t on z when N is fixed. We then find,
differentiating (9):

* Nf «> 05)dp pN2f"-thzz

dz_ hz

Jt~pN2f'-th2
>0. (16)

Here, consequently, environmental effort is always lowered when p
increases, since increasing p makes it more profitable to increase y. As
before, there is a positive effect of increasing t on z, which may be weaker or
stronger than in the case of variable N (it is generally stronger here when N
then decreases).

Define now the government's utility from firms' activity by
G=pof(yN)-(s + y + z)N-vh(N,z). (17)

Here/?0 is the demand determined (e.g. world market) price of output, and
thus p~po = p> a government subsidy rate on output, v is the (constant)
marginal social damage cost of pollution. The government is considered
risk-neutral and has no preferences for own revenues per se, and
s + y + z = s + xis the social opportunity cost of labour given that not all
workers in the economy are employed.

Consider first the unconstrained optimal solution for the government,
i.e. that chosen if the government could choose N and z directly. This is
found maximizing (17) with respect to TV and z (noting that dy = —dz),
yielding

dG
f(N)(+)vhN>o (18)

PoW(yN)vhz 0. (19)

Here (18) can be fulfilled with inequality if and only if N = N, and
poyf(yN)-vhN(N,z)>s + x (\Sa)

for the levels of y and z then found from (19). In such a case the first best
implies that all workers are employed. The same holds when (18) is fulfilled
with equality for N= N. In other cases we have

N<N. (186)
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In such cases it is never socially optimal for all workers to be employed,
since their marginal return would then be higher in other activities.

Consider now the possibility for the government to implement a first best
solution, using the instruments p=p—p 0 and t, and assuming no govern-
ment budget restrictions. Given that (18b) holds, (18)—(19) are identical  to
(8H9) given that

P-PJZ1 = A9 (20M21)
Po v

where A is a positive constant, given by

(22)

(20)-(21) imply that implementation of a first best in this case requires a
positive subsidy rate on output, and a pollution tax in excess of marginal
social damage cost.8 Moreover, the relative subsidy rate on output is to
equal the relative pollution tax rate in excess of marginal social damage
cost, and both are to equal A. The constant A expresses the degree of
imperfection in the labour market due to the efficiency wage structure. We
see that A may be sizeable in particular when q is relatively small and x large
relative to s. Note from above that when all firms behave identically, A may
be written as

- V *'
q\ u

Thus when/ (N) > s + x, efficiency would require u = 0 and thus A = oo. We
find the following expression for the firm's profits in an implemented first
best solution:

nF= (1 + A)[pof(yN)- (s + x)N- vh(N,z)l (23)

which tends to infinity as u tends to zero.
The implication of this is that whenever/f(J/V)>.s + >y + z, a first best is

generally unattainable, since an infinite amount of subsidy is necessary for
its implementation. This is the same conclusion as was reached in a pure
work effort context (with no externalities) by Shapiro and Stiglitz (1984).
Note here that when f(N)< s + x, a first best may be attainable in our
model, even in the absence of profit taxes or net subsidies of firms. Net
subsidies S are namely given by

S=Apof(yN)-(\+A)vh(N,z). (24)

Here S is always negative whenever A is sufficiently small, and positive
when A is sufficiently large. The idea behind the implementation of an
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efficient solution when A is small is of course that the revenue from efficient
pollution taxes gives room for a sufficient amount of output subsidy for the
first best to be implemented.9

In the following we will generally assume that a first best is not
implementable in a budget balancing way (ruling out profit taxes con-
sidered by Shapiro and Stiglitz), by assuming that A is above its critical
value yielding S=0 in (24). We will instead consider two different con-
strained-efficient solutions, namely (a) the case with only pollution taxes,
and (b) the case of budget balancing output subsidies and pollution taxes.

Environmental taxes only
In this case the government maximizes (17) with respect to t, taking into
consideration that N and z are affected by t via (11) and (13). We find the
following expression:

YC [^ / (^ ) - (^^) -^ ] Yt- [PoNf(yN) + vhz] |=o.
(25)

Here the first square bracket and dz/dt must both be positive. dN/dt is
generally ambiguous from the arguments above. When dN/dt < 0 (> 0), the
term in front of dz/dt must be positive (negative), implying (using (9)) that
t< v(t> v) at the constrained-optimal solution for the government. Intuiti-
vely, when dG/dz = O,t=v. When G is affected negatively through N (which
is the case when dN/dt <0), G must be affected positively through z. This
implies that z is below its optimal value, which is the case when t < v. The
opposite (t > v) holds when G is affected positively through N(dN/dt > 0). In
general the level of t chosen by the government can then be either below or
above marginal damage cost.

Consider next the case where TV is unaffected by changes in t. In such a
case the government always sets t = v, i.e. selects a 'first best' with respect to
z alone.

Balanced budget changes in t and p

We now assume that the government may subsidize firms' output price p0 at
a rate p=p—p0, but in a balanced budget way, i.e. such that total output
subsidies cannot exceed total revenues from taxation of pollution. We will
assume that A in (24) above exceeds the level yielding S= 0, i.e. the first best
is not implementable in this way for the government. This generally implies
that the budget balance restriction will be binding for the government, and
the budget always balanced at equilibrium. This implies the condition
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(p-Po)f(yN) = t-h(N,z). (26)

When t changes, p thus changes according to

We thus have in this case (letting subscripts BB denote budget balance)

(8N\ =p-p,d_N dN
\dt)BB t dp 8t

dz\ _pZp*dz to
dt)BB t dp df

The optimality condition for the government becomes identical to (25)
except that dN/dt and dz/dt from (11) and (13) are replaced by (28)-(29).
From the discussion above of the partial derivatives of TV and z we now find
that (dz/dt)BB is still most probably positive, and that (dN/dt)BB is now much
more likely to be positive than in (11), in particular when (p—p o)/t is not
too small. Since dGldN> 0 as before, (dz/dt)BB and (dN/dt)BB both positive
implies dG/dz< 0. Comparing dG/dz to (9) now yields that t>v even when
dG/dz = 0 (sincep>p0)- In this case we thus in most likelihood have t> v,
using the results derived for case (a).

When a pollution tax is accompanied by a balanced budget output
subsidy, it is thus more likely that the tax will be above marginal damage
cost from pollution, and more so when it is above v in both cases.

Consider next a balanced budget increase in/? and t when JVis fixed. Note
that in this case there is nothing to gain in terms of efficiency by increasing
both/? and t, since as noted for case (a), a first best can be implemented for z
using t alone. We may still derive the optimal t in this budget balancing case.
We find the following relationship between t and v:

i (30)
PofiyL)

t must consequently also in this case exceed v. The reason for this is that p
now is raised above its socially efficient level. This must be counteracted by
a similar increase in t, to make environmental effort and thus pollution
constrained socially efficient.

Consider now the effects of a (permanent) increase in/?0. For given t, and
p = 0, these effects on N and z are given by (10) and (12) with p— p 0. In
general such an increase in/?0 will also induce a change in t. We will however
argue that the effect through t is small compared to that throughp0 directly.
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A possible effect is likely to work via dG/dz in (25), where the term p0Nf
increases and makes dGjdz lower, thus increasing t. Such an effect will in
case (b) be present both with a change only in t and with balanced budget
changes in t and p.

We may also study the effect of a change in p0 when N is fixed. Then as
before t=v independently of/?0, and the government policy is not affected.
The change in z is then given by (15).

Model 2: environmental policy under productivity fluctuations

We now consider an extension of model 1 by letting the output price facing
each individual firm fluctuate between a high (H) and a low (L) level, pH and
PL^(0,PH). TO keep matters simple we now focus on one particular firm,
taking the rest of the economy as stationary and exogenous.10 The
transitions between H and L, and L and H respectively, are governed by
Poisson processes with constant transition rates equal to ax and a2. In the
long run the relative amounts of time spent in the H and L states are then
a2/(ax + a2) and ax/(ax + a2), respectively.11 Using VN(i) and VL(i) to denote
non-shirking and shirking (with respect to both y and z) respectively, in
states i=H, L, we may define

a2[VN(H)- VN(L)] (31)

rVs(L) = w(L) + (b + q){Vu- Vs(L)] + a2[VN(H)- VS(L)] (32)

ax(\-n)][Vu-VN(H)]
+ axn[VN(L)-VN(H)}

+ axn[VN(L)-Vs(H)].

Here (as in Strand, 1991,1992a) n = N(L)/N(H) is the fraction of the firm's
labour force in H periods that is retained in L periods, where «e(0,l].
Possible L-period layoffs are assumed to be made at random, and laid off
workers are not recalled nor given any economic compensation from the
firm.12 For non-shirking to be enforced the conditions VN(L)> VS(L) and
VN(H)> VS(H) must be imposed. Assuming that these are both fulfilled
with equality at equilibrium, and taking F^as exogenous, the non-shirking
constraints are (dropping subscripts)

V(j)-Vu = -x9i = H,L, (35)

while the solutions for w(L) and w(H) can be written as
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(36)
q '
1= ~ Lr + 1 + o + <*\(\ ~n)]x + s + rVu. (37)

Assume now that the firm maximizes current profits in any given state
taking its strategy in the opposite state as given. Current profits in L and H
periods are given by

n (L) =pLf(N(L)) - w(L)N(L) - tLh(N(L), z(L))

„] N(L) (38)
J " J

-tLh(N(L),z(L))
) =pHf(N(H)) - w(H)N(H) - tHh(N(H), z(H))

(39)

+ ^xN{L)-tHh(N{H),z{H%

using that n = N(L)/N(H) in (39). We find the following first order
conditions with respect to N(i) and z(i):

=pLy(L)f(L)-w(L)-hLhN(L) = O (40)

= -pLN(L)f(L) - tLhz{L) = 0 (41)

wiD-^x-t^WKO (42)

dN(L)
dn{L)
dz(L)
dn(H)

8j^=-pHN(H)f(H)-tHh2(H) = 0, (43)

where L and H now are used as shorthand notation for the levels of y, z and
iVin the two states. In (42), inequality obtains only if N(H) = N(L). In cases
where N(L)<N(H), w(H)>w(L) from (36)-(37). The reason is that L-
period layoffs cause an additional exogenous risk for workers in H periods
which must be compensated by a higher wage. Moreover, this effect ofN(L)
on w(H) produces the extra term ax (y + z(H)) in (42), making the firm limit
//-period employment and setting N(H) = N(L) on a strictly positive range
for pH~pL. The solution thus implies that employment is rigid between
periods for such a range.13
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In studying properties of the solution (40)-(43), note that for given tL = t
and/?L=p9 (40)-(41) for L periods are identical to (8)-(9) for the stationary
model. The comparative statics with respect to changes inpL and tL are then
also identical to those in model 1. As will be seen below, however, the
government's optimal solution with respect to tL (forpL=p) is generally not
identical to that in model 1.

Consider next H periods. As already noted, for small relative changes in
p, N(H) = N(L), and only z may vary. Then the solution is again equivalent
to that of model 1, given pH=p. In this solution we have t=v, while
dz(H)/dpH is given by (15). The conclusion then is that with only small
relative price changes facing firms between the high- and low-demand
periods, employment will stay fixed, the environmental tax in the high-
demand period will equal marginal damage cost, and environmental effort
will decrease and productive effort increase, in high-demand relative to low-
demand periods.

In (42), the term (ajq)x creates the difference in firm behaviour from (40).
Thus the higher ax is, i.e. the shorter H periods are on the average, the
greater is the range ofpH—pL over which N does not vary.

Assume now that pH—pL is sufficiently great for N(H)>N(L) at the
solution chosen by the firm. (42) is then fulfilled with equality. Since (ajq)x
in (42) is a constant, this term does not affect any marginal conditions for
the firm. This implies that further increases in pH have the effects given by
(40) and (42), for pH=p and a given t. Thus when t then is a constant,
dN(H)/dpH> 0, while dz(H)/dpH is ambiguous as in (42).

We now study government behaviour when N(H) > N(L). Starting from
any given state, the government maximizes present discounted value of the
social surplus created by the firm in question, with respect to current
parameters tt and pi9 i = H,L. Define these present discounted values by
V(H) and V(L). We then have

- V(H)] (44)

- V(L)]9 (45)

where G(H) and G(L) are expressions equivalent to (17). These equations
yield

(46)

(47)

First best solutions are also here derived from maximizing G{H) and G(L)
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individually with respect to N(i) and z(z), i = H9 L, in a fashion equivalent
to (18)—(19)  (now assuming equality in (16) for relevant N(H) levels).
Properties of such solutions are basically identical to those for model 1 in L
periods, i.e. (18)—(19) then still apply, replacing  p and p0 by pL and p0L
(letting p0H and p0L denote the underlying exogenous unsubsidized market
prices). For //periods we find the related expressions:

P^™J»^  = AH, (48)-(49)
POH

where

q s + x
50

Thus in general the relative rates of employment subsidy and pollution tax
should both be greater in H periods than in L periods. This is due to the
greater amount of distortion from the first best at the market solution in H
periods. The result is easily understood by considering a first best solution
implemented in L periods, implying a relative output subsidy rate p* and
pollution tax rate tL. If the difference between pH and pL is small,
N(H) = N(L) given the same instrument values p£ and tL. This is clearly not
first best, and a higher subsidy rate in H periods is required.

We will now study second best solutions for the government assuming
either that only pollution taxes are used, or that output may in addition be
subsidized, but in a balanced budget way and insufficient for first best
implementation.

Pollution taxes only

We may distinguish between two separate cases, namely
(a) pOH-PoL 'small' and N(H) = N(L) at relevant market solutions; and
(b) POH-POL 'large' and N(H)>N(L).
We study these in turn.

N(H)=N(L)
In this case we find for H periods:

dV(H)_ r + a2 dG(H) ax dG(L)
dtH r(r + ax + a2) dtH rir + a^^) dtH

8G(H)dz(H)_ l }

a2) dz(H) dtH

noting that dG(L)/dtH=dN(H)/dtH = 0 in this case. This simply implies
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dG(H)/dz(H) = 0, i.e. -p0Hyf(H)-vh2(H) = 0, which in turn implies
tH= v, using (43). Intuitively, f^here only affects z(H), and the government
can then set tH optimally, being concerned about z(H) only.14

For L periods we find

dtL ~r(r + al + a2)\_dN(H) dtL
 + dz(H) dtL

fdG(L) dN(L) dG(L) dz{L)~
+ aL)\_dN(L) dtL

 + dz(L)' dtL

(52)
= 0

when N(H) = N(L), dN(H)/dtL = dN(L)/dtL. To determine in which way tL
may deviate from v in this case, assume first the special (but relevant) case of
dN(L)/dtL = 0, implying dN(H)/dtL = dz(H)/8tL = 0 as well. We then end up
with dG(L)/dz(L) = 0 and thus tL= v as the government's optimal solution.
Assume instead that dN(L)/dtL>0. Then dN(H)/dtL>0, and dG(H)/dtL
>0 as well.15 In the opposite case of dN(L)/dtL<0, dN(H)/dtL and
dG{H)jdtL are also negative, but the absolute value of the last expression is
now smaller.16

The conclusion is that when dN(L)/dtL>0, tL<v, while when
dN(L)/dtL<0,tL> v. Qualitatively, this is as in the stationary model 1. The
difference between tL and v is however greater here than in model 1, since the
effect on employment now also works via the opposite state H, in which the
tax parameter tL is not directly applied. Note also that the difference tL - v is
larger when it is negative than when it is positive (for given \dN(L)/dtL\),
because of the effects via the term [dG(H)/dz(H)]-[dz(H)/dtLl

N(H)>N(L)
In this case (42) holds with equality, and there is no direct

interlinkage between the strategies chosen by the firm in the two types of
periods. This implies that the discussion from model 1 applies to this case,
for Hand L periods separately. For Hperiods there is a slight difference due
to the inefficiency of unemployment being greater in this case and dG(H)/
dN(H) generally greater at equilibrium.

Budget balance in each period

In the case of budget balance as an average over H and L periods, the
following budget condition must hold:

a2B(H) = axB{L\ (53)

where B(i) is the budget surplus in period / given (in a way analogous to
(46)) by
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B(i) = tMi)-(P~Poi)f(i\ i = H,L. (54)

We will first consider only the case where budget balance is required for any
given period, and then subsequently consider whether it is advantageous
for the government to make budget transfers between periods. Current
budget balance implies, in a fashion similar to (28)-(29),

(dN(i)\ _p-PoidN(j) dN(i)

dz(J)\ =Pi-poi dz(i) + dz(i)
*, ) B B U dPi dt, '

i=H,L. Also now we need to distinguish between the cases where N(H)
= N(L\ and N(H) > N(L).

N(H)=N(L)
Consider L-period strategies first. Assuming that dz(H)/dtL = 0,

we have, much as for P/=0 above, that (dN(H)/dtL)BB= (dN(L)/dtL)BB,
which are both (almost certainly) positive. When compared both to model 1
and to the case of p{—0  above, this makes it more advantageous to raise tL,
since pL is then also raised, increasing both N(L) and N(H). Clearly, this
implies that tL> v, and more so than for model 1. Environmental effort is
then above its first best level in L periods.

Consider next //-period strategies. Now dN(H)/dtH=09 and there is
nothing to gain in terms of efficiency from increasing pH in a budget
balanced way. Still, provided that balanced budget subsidies are used, tH is
given by an expression analogous to (30).

N(H)>N(L)
We now again have separation of the two types of periods, and tH

and tL are derived much as in model 1. The only difference is that also here
(as with only environmental taxes above) the optimal tax and subsidy rates
tend to be somewhat higher in H periods, due to the greater employment
distortion in that state.

Intertemporal budget transfers

We may also now distinguish between the two cases considered above.

N(H)=N(L)
In this case it is optimal to tax pollution while paying no employ-

ment subsidies in H periods, and to subsidize employment in L periods.
Clearly, this implies that it is optimal to transfer funds from HtoL periods,
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making greater employment subsidies possible in the latter periods. Such a
strategy will then raise employment in both states, for given implemented
environmental efforts.

Moreover, the government's general need for funds to subsidize L-period
employment makes it advantageous to set tH> v, and even possibly to tax
//-period output as long as employment is not then affected negatively.

N(H)>N(L)
In such cases the solution deviates little from the one-state model 1,

and there is little to gain from intertemporal transfers. However, since the
employment distortion generally is greater in H periods, a transfer from L
to H periods may now be necessary to implement the government's
preferred solution. In both types of periods tt> v, and possibly more so in H
periods.

Conclusions and extensions

In this chapter we have studied aspects of efficient government policies to
deal jointly with the problems of underemployment and pollution, in an
economy where there are inefficiencies in the labour market due to
problems of disciplining workers' efforts, and where these efforts are
devoted both to the enhancement of firms' output and to the reduction of
their pollution levels. A pollution tax will then have a joint effect on output
and pollution, and should generally be set below (above) marginal damage
cost given that employment is affected positively (negatively) by the same
tax. When the government revenue earned through the pollution tax is used
to subsidize employment, the preferred pollution tax rate is greater and
more likely to exceed marginal damage cost. We also have studied
properties of the environmental tax under idiosyncratic fluctuations in
demand, and found that the optimal pollution tax levels could be either
higher or lower in low demand, and the government budget underbalanced
in low demand for small price fluctuations, but underbalanced in high
demand for large fluctuations.

The model studied is special since it assumes that the underlying labour
market imperfection is of a quite specific nature, namely that of efficiency
wages due to the possibility of workers shirking on the job. Still, we argue,
the model gives important insights into the relationship between employ-
ment and environmental variables, by building a micro-based, coherent
model where the nature of the various inefficiencies and policy rules can be
studied in some detail. As such, our analysis should be just a start of a much
more comprehensive effort to analyse such relationships. It can be argued
that the employment and environmental policy areas are the two most
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important items on the public policy agenda, today and for the foreseeable
future, for most rich as well as many poor countries. The interaction of
these policies is no less important, but has so far been little studied.

A large number of extensions could be made to improve upon the current
analysis and make it more general and topical. We will here briefly outline a
few of these.

1. More general environmental problems could be addressed. For one
thing, environmental degradation due to the use of particular natural
resource inputs could be taken into account, as has already been attempted
in a related study by Bovenberg and van der Ploeg (1993). Among other
things they address the so-called 'double dividend' hypothesis, whereby
higher environmental taxes could at the same time help to increase
employment, and answer this in the negative. Our analysis above indicates
that the 'double dividend' hypothesis may hold when there are labour
market imperfections, but this needs to be studied in a richer model where
natural resource inputs are also included. Other extensions would be also to
model the effects of firms' investments and of consumer behaviour on
pollution and the policies to counteract it. Strand (1993a) attempts to
incorporate the latter effect in an otherwise simpler model, and shows that
constrained efficient environmental policy rules then generally become
more complex. Moreover, general equilibrium effects, with full sets of
markets, should be considered.

2. Different and more general types of imperfections may be analysed.
More general models of labour market moral hazard and adverse selection,
or incorporating imperfections in capital markets affecting the investment
in both output- and pollution-related equipment, could be studied within a
framework similar to that used here. Alternatively, the robustness and
relevance of our conclusions can be checked by constructing different
examples of specific informational imperfections or practical limitations on
government policies. A relevant line of research, building, for example, on
the framework of Gabel and Sinclair-Desgagne, could be to study the firm's
incentives to take environmental care in a principal-agent relationship
where the incentives of managers would also be of importance, and
incorporate this into a more complete markets framework.

3. The nature of the underlying fluctuations causing 'business cycles' in
the current model is quite special and could be generalized in future work.
One obvious extension is to assume that the firm's output price changes
according to a continuous distribution and not in a binary fashion. Such a
model is studied in a pure labour market framework by Strand (1993b). I
show there that when firms' strategies otherwise are modelled as in the
current chapter, many of the same qualitative results are derived: in
particular, for a sufficiently dense price distribution employment will not
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vary with the price but be depressed to its lower-state level. With a more
dispersed distribution of prices employment will vary but less than in a
standard competitive economy. Quite likely this model could readily be
adapted to incorporate environmental policy as here, with analogous
results. Another alternative would be to assume a random walk process for
the price, e.g., a continuous-time Brownian motion process. This has been
assumed in similar pure labour market contexts, e.g. by Bentolila and
Bertola (1990) and by Orphanides (1993). In such cases it is likely that
optimal environmental and employment policy will not change much in
response to price shocks, but this remains to be demonstrated. Finally,
general equilibrium employment fluctuations (and not only partial equili-
brium as here) should be studied. Strand (1992a) shows in a pure labour
market context that with general equilibrium fluctuations the solution in
general becomes more complicated than here. Employment may then
fluctuate even less due to workers' alternatives being better in high-demand
periods. This probably makes it more advantageous to stimulate employ-
ment in high-demand periods, relative to the analysis presented here. This
and other extensions must, however, await future research.

Notes
Paper presented at the University of Warwick Macroeconomics Workshop (July
1993). I thank Jon Vislie and conference participants for helpful comments. This
research is part of the project 'Environmental policy under asymmetric infor-
mation', at the SNF Foundation for Research in Economics and Business Admi-
nistration, Department of Economics, University of Oslo.

1. See Cropper and Oates (1992) for a survey of this literature.
2. Perhaps more satisfactorily, pollution should be a function of the firm's output

and total environmental effort. We may then write

implying

Our assumptions are then made directly on /JN and hz.
3. See Strand (1992b) for a discussion.
4. A sufficient condition for this to hold is that/(0) = 0, i.e. when workers shirk and

put up no effort, output is zero. We will adopt this assumption in the following.
5. Note that neither here nor in the following can the government do better by

using other environmental policies, e.g. transferable or non-transferable pollu-
tion quotas. It is, however, true that in some cases non-linear pollution taxes
may be advantageous to use. These would, however, be equivalent to profit
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taxes, which we rule out. We may thus limit our attention to proportional
pollution taxes.

6. The justification for this assumption may be that working efficiently is
something well defined, implying a given total effort level, but that more or less
attention can be devoted to environmental care given an efficient total effort.

7. For example, in the case of h = h(yN), yhzz + NhNz = 0. In such a case we always
get a border solution with z = 0.

8. This is a basic result derived also for firms behaving monopolistically, and
where there are no labour market imperfections; see Buchanan (1969) and
Cropper and Oates (1992).

9. It can, however, be argued that vh should be used by the government to clean up
damages from pollution and/or compensate damaged parties. Then a net
revenue increase of vh would be required for the government to stay in balance,
and firms would always be 'subsidized' according to (23).

10. Note that under such independent and firm-specific fluctuations and with a
continuum of firms, the entire economy will be stationary. In Strand (1991,
1992a) I have, however, shown that the employment variations of a firm whose
productivity fluctuates in such a way, adequately represents the employment
fluctuations at the macro level in the case where productivity shocks are
common to firms, as long as such fluctuations are 'not too great'. The model can
thus also give an approximate indication of how employment would fluctuate at
the macro level, given correlated shocks across firms.

11. These assumptions conform to those made in Strand (1991) for the case of no
environmental effort.

12. For discussions of these assumptions and implications of alternatives, see
Strand (1991).

13. For details of such solutions with z = 0, see Strand (1991, 1992a).
14. Here and in the discussions below we assume that the policies by government do

not lead to a change in the solution, from one where N(H) = N(L) to one where
N(H) > N(L). Such a change is more likely to be implemented by the govern-
ment, the closer ph is to the level that yields equality in (42) in the absence of
taxation. Given such a switch, the analysis for the case o£N(H) > N(L) applies
here.

15. In fact the effect through z(H) is also positive, since dG(H)/dz(H) and
dz(H)/dtL generally will have opposite signs.

16. This is because dG(H)/dz(H) and dz(H)/dtLnow are both positive, and thus the
effect on G(H) through z(H) positive.
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11 The stock market and equilibrium
recessions

Jeff Frank

Introduction

A considerable number of recent studies have developed the multiple
equilibrium approach to the understanding of Keynesian macroeconomics,
as discussed in surveys by Dixon and Rankin (1991) and Silvestre (1993).
Models in the literature show how imperfect competition and increasing
returns lead to multiple equilibria. Low level equilibria can be viewed as
Keynesian in nature, particularly insofar as outcomes can be improved by
coordination or aggregate demand policies.

The purpose of this chapter is to explore the extent to which similar
results can be found in an economy with price-taking firms and decreasing
returns. The novelty in our analysis is the introduction of a stock market. In
an overlapping-generations economy with a stock market, there are
interesting multiple equilibria. A low output equilibrium, or 'equilibrium
recession', has the following characteristics. Real interest rates are high,
capital investment is low and share values are low. These features are
consistent with stylized facts about economic recessions. This is an equili-
brium since the low output and resulting low incomes lead to low savings
that match the low investment.

An advantage of the current model is that it has the 'look and feel'
associated with traditional macroeconomics as developed in IS-LM analy-
sis. We develop the analysis with a flow market-clearing condition and with
an asset market, portfolio-balance condition. The intersections of these
curves determine the multiple equilibria.

The model

We examine a simple overlapping-generations stock market economy.1
d'Aspremont et al. (1991a) and Pagano (1990) have explored multiple
equilibria in imperfect competition overlapping generations frameworks
without stock markets. Frank (1989) considers an overlapping-generations
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stock market economy with imperfect competition. In that economy,
multiple equilibria hold even in the presence of decreasing returns technolo-
gies. The current model extends these results to an economy with price-
taking firms.

The economy has a fixed number F of identical firms indexed by
/ = l,...,Fthat exist indefinitely. All firms produce the same good which
can either be consumed or used as capital. Physical capital is the sole factor
used in producing output. In each period t, firm/hires capital Kft at the
rental Rt and uses the capital as the sole factor in producing its output Qft to
be sold at the price Pr

2 There are strictly decreasing returns to the firm's
scale of production: Qft = g(Kft) where g(-) is strictly concave.

Each period, the firm pays out its profits Ptg(Kft) - RtKft as dividends to
its shareowners. Shares in the firm are traded on a stock market at a price
that values the firm in total at the amount Vft. An individual buying y of firm
/pays y Vft for the shares involved. Since there are no persistent effects to the
choice of capital, firms maximize profits by choosing Kft at each point in
time t such that:

Ptg'(Kft) = Rr (1)

Households are part of an overlapping-generations structure and live for
two periods; households are identical except for their age. //households are
born each period and each is indexed by its number h=l,...,H and its date
of birth t. When young, households receive an endowment in the amount e.
This endowment is best viewed as labour services. The young sell this
endowment to the old of the previous generation at the price of labour
services Wv The young do not consume but instead 'invest' their income
Wte in physical capital and in buying shares of firms. When old, the
household receives rental on capital, dividends on shares, and the proceeds
from selling its capital and shares.3 The household spends the receipts on
the produced good and on buying labour services from the young. The
household gains utility from its consumption of the two goods (produced
goods bought from firms, and labour services bought from the young)
following the quasi-concave, increasing utility function £/(•)•

The young face a portfolio choice between physical capital and shares in
the various firms. Depending upon the rates of return, they allocate their
endowment income Wte across the assets. In the absence of uncertainty, as
in our model, we consider the perfect foresight rates of return. The rate of
return on physical capital bought in period / is:

Since each firm is identically placed in a given period, each chooses the same
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capital and makes the same profits. The return on shares bought in period t
is:

[Vt+l-Vt + Pt+lg(Kt+l)-Rt+lKt+l]/Vr

Households will only hold physical capital and shares in firms if each pays
the same return. This leads to the portfolio-balance condition for any
equilibrium:

Further, the total value of assets held by the h households must equal their
income from selling labour services. The wealth-holding condition can be
written:

(Vt + PtKt+l)F=WteH. (3)

The old face a choice between the consumption of the produced good and
consumption of labour services. Their income consists of dividends on
shares, Pt+lg(Kt+l) — Rt+lKt+l, rental on capital, Rt+lKt+l, receipts from
the sales of shares at the value Vt+l and the sale of capital Pt+lKt+l. Write
the total income at / + 1 of household h born at time t as Yhtt+l. The
household spends this on the two goods. The demand for labour services at
time f + 1 from this household can be written:

Lhj+\ = L(W(+l/Pt+l, Yht+l/Pt+l)

using the homogeneity of demand to write this in terms of the real wage and
real income. Walras' Law ensures that, if the labour services market and the
asset markets clear, then the goods market must clear as well. The labour
market clears if the total demand for labour services equals the supply from
the next generation:

L(Wt+l/Pt+l,YhJ+l/Pt+l) = e. (4)

Equilibria in the economy must meet conditions (l)-(4) at each period in
time t. We will consider only quasi-stationary equilibria. These are defined
by a constant inflation rate n and therefore prices Pt = Px(\+ri){t~x\
Vt= Vx{\ +nf~x\ W = Wx{\+n){t-x)<in(\R=Rx{\+n){t-x\ Further, capi-
tal and output at each firm are constant at levels K* and g(K*). Then we
have the profit maximization and asset market-clearing conditions corres-
ponding to (l)-(3):

g'(K*) = RJPx (5)

[g(K*) - (RJPX)K*]/(VX/PX) = RJPX (6)

VJPX + K* = (WJPx)(eH/F). (7)
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The profit maximization condition (5) is that the marginal product of
capital equals the real rental. Portfolio-balance (6) requires that the real
rate of return on each asset is the same: the real profit level, divided by the
real price of shares, equals the real rental on capital. The wealth-holding
condition (7) states that the real value of assets must equal the real income
of the young, given that the young under our assumptions save all their
income. Finally, we have the condition corresponding to (4):

L[WJPx,g(K*) + eWJPx] = e. (8)

The interesting feature of this condition is that, in a quasi-stationary
equilibrium, the real income of the old is just the real value of the produced
good plus the real income of the young. The reason for this is that the old
receive dividends and rental income equal to the value of the produced
good; they then sell their shares and capital to the young for the total
income of the young.

(5)-(8) define the quasi-stationary equilibria in the economy. In this non-
monetary economy, it is not surprising that the price level and the rate of
inflation are indeterminate in equilibrium. Equilibria are defined by the
capital stock K*, the real rental on capital, the real wage and the real value
of shares. We will analyse the set of equilibria in the following section,
showing by an example how multiple equilibria can arise.

An example

For further discussion, it is helpful to have a specific example. This requires
specifying the production function g( •) and the demand for labour function
L ( ) , as well as numerical values for e,F,H. Consider the quadratic
production function:

g(K) = aK-(b/2)K2

and the labour demand function (shown for household h at time i)\
l/2]. (9)

This is the labour demand function for a household with an underlying
utility function in consumption of the two goods (the produced good and
labour services) U(cl,c2) = clc2/(cl + c2). Also adopt numerical values:
e,H,F=l,a=\0, 6 = 2.

We proceed by solving (6)-(8), with the specific functional forms, for a
relationship between the rental on capital (RJPX) and capital utilization
K*. As discussed earlier, the real income of a household in equilibrium
meets YhJPt = g(K*) + eWJPx. Then from (8) and (9) we can solve for the
equilibrium real wage:
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Figure 11.1 Multiple equilibria in the asset market and the flow market

T = [g(K*)/e]2. (10)

Substituting (10) into (7), and then into (6), with the numerical values
e,H,F=\, leads to:

RJPx=\/[g(K*)]. (11)
This condition represents asset market-clearing in our model. For each
level of capital and production, there is an interest rate that leads to a value
of shares equalling the labour services income of the young, net of their cost
of acquiring the physical capital. Incorporated within this relationship is
the determination of the real wage so that the demand for produced goods
and labour services equals their supplies, and the portfolio-balance con-
dition that the return on physical capital and shares must be the same.

Under the quadratic production function, (11) takes on the form shown
in figure 11.1 for the AM (asset market-clearing) curve. The remaining
consideration in determining equilibria in the model is the profit maximiza-
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Table 11.1.

Equilibrium

High
Low

Equilibria with positive

K

4.98
0.01

R

Q

25
0.1

RJP,

0.04
9.98

K/Pr

620
0.00002

tion condition (5). We view this as a flow market condition in that the FM
curve in figure 11.1 shows how the interest rate induces the firm to choose
different levels of capital and production. As seen in figure 11.1, there are
three intersections of the AM and FM curves, but only two of these with
positive returns to asset-holding.

For numerical calculations in our quadratic production function ex-
ample, the AM curve takes on the form from (11):

RJPx=\/(\0K*-K*2) (12)

and the FM curve from (5):

RJPT=\0-2K*. (13)

Together, these lead to a cubic equation in K* determining the three roots
discussed above. Numerical calculations of the variables of interest for the
two equilibria with positive Rx appear in table 11.1.

These equilibria meet reasonable stylized facts about macroeconomic
fluctuations. The equilibrium recession is characterized by low output, high
interest rates and low share values.

The intuition behind our results is straightforward. A low interest rate
induces the firm to rent more capital and produce more output. But the
higher output also leads to greater savings, which allows for higher capital
(and share values) to be consistent with a lower interest rate. The particular
mechanism by which higher output leads to higher savings is peculiar to the
overlapping-generations structure. In that framework, the young save from
their wage income to provide pensions for their old age. Hence increased
labour income raises the savings ratio, in contrast to the traditional stylized
fact that this type of redistribution lowers savings. In our example, higher
output of the produced good leads to a sufficiently higher demand for
labour services that the savings ratio rises.

Given that we have examined an overlapping-generations economy with
a number of stylized features, it may not be clear to what extent our results
depend upon the existence of a stock market. One way to investigate this is
to consider what happens in the example as the parameter b in the
production function approaches zero.4 When b = 0, there are constant
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returns to scale in production and zero profits; as a result, shares in firms
have no value and there is effectively no stock market. To examine the
behaviour of the economy as b => 0 adopt the general quadratic production
function g(K) = aK— (b/2)K2, the labour demand function (9) and para-
meters e, H, F= 1. Then as b => 0 the economy approaches the unique
equilibrium defined by the equality of (5) and (11) with K*= I/a2. This
highlights the role of the stock market in creating multiple equilibria.

Conclusions

Our analysis has developed multiple equilibria with price-taking firms and
decreasing returns to scale. We feel that this represents a significant
strengthening of the case for the coordination failure approach to under-
standing macroeconomic fluctuations, since it generalizes the technologies
and market structures consistent with multiple equilibrium models.

The equilibria in the model meet sensible macroeconomic stylized facts in
that the low output equilibrium is also associated with high real interest
rates and low share values. Another important feature of the framework is
that it displays a macroeconomic 'look and feel'. This is partially in that the
model emphasizes the role of financial markets in understanding macroeco-
nomic fluctuations. More directly, the approach leads to asset and flow
market-clearing conditions that mimic those of traditional IS-LM analysis.

Natural questions arise about the optimality and stability associated
with the multiple equilibria. Scheinkman (1978) and Dechert and Yama-
moto (1992) establish that equilibria in overlapping-generations stock
market economies are efficient. This is an important difference between the
multiple equilibria in our model and those of the imperfect competition
literature. A second issue relating to policy implications involves the
stability of equilibria. With only two equilibria, one will typically be
unstable. These issues are discussed more fully in the related analysis in
Frank (1994). In that model, it is seen that a shift to a high output
equilibrium benefits all future generations at the expense of the current
generation. The initial generation must increase its savings to allow for a
higher rate of capital accumulation, even though its income has not risen.
The model also leads to an odd number of equilibria, so that there is both a
stable low and a stable high output equilibrium.

Notes
I am greatly indebted to Heraklis Polemarchakis and numerous participants at the
University of Warwick Macroeconomics Workshop (July 1993). This chapter is
produced as part of a Centre for Economic Policy Research (CEPR) programme on
The UK Labour Market: Microeconomic Imperfections and Institutional Features,



244 Jeff Frank

supported by the UK Department of Employment (Research Grant No. 4RP-154-
90). The views expressed in this chapter are not necessarily those of the CEPR or of
the Department of Employment.
1. Scheinkman (1978) and Dechert and Yamamoto (1992) develop the general

properties of overlapping-generations stock market economies.
2. The results would be unaffected if the firms owned the capital.
3. Note that the rental on capital, received by a generation born in period t, is Rt+]

on their capital Kt+l. This is an accounting convention, and the alternative
assumption, that they received R(, would make no difference to our analysis.

4. This point was suggested by Neil Rankin.



12 Asymmetric information, investment
finance and real business cycles

Brian Hillier and Tim Worrall

It is not money that makes the world go round, but credit.
Stiglitz (1988, p.320)

Introduction
This chapter surveys the literature on the role of financial factors in
explaining economic fluctuations. We place special emphasis upon the
recent literature on the implications for economic fluctuations of asymmet-
ric information in the market for investment finance.1 The basic argument
of this literature is that, in the presence of informational asymmetries and
agency costs, financial factors may affect real variables like investment and
output. In dynamic models these real variables may also affect financial
factors and may generate persistent effects of shocks even in models which
would not display persistence in the absence of the informational
asymmetry.

The plan of the chapter is as follows. The second section provides a brief
discussion of the views of some earlier writers on the importance of
financial factors in the determination of economic activity. The third
section reviews the microeconomic arguments concerning informational
asymmetries and their implications for investment finance. The fourth
section shows one way in which these microfoundations have been used to
provide a real business cycle model based on informational asymmetries
and agency costs. We show that this model may yield multiple equilibria
with the possibility that the economy tends to oscillate around either a high
output or a low output equilibrium. The fifth section reviews the literature
and the sixth section concludes.

Background
The idea that the role of the financial system is important in explaining the
cyclical behaviour of the economy has a long history. Fisher (1933) in his
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theory of'debt-deflation' coupled the collapse of the financial system with
the collapse of real economic activity in the Great Depression. According to
Fisher the high level of borrowers' debt built up during the period of
prosperity preceding 1929 made the economy vulnerable to the ensuing
downturn which led to a wave of bankruptcies which, in turn, enhanced the
downturn. Furthermore, deflation reduced the net worth of borrowers and
led them to cut back on their expenditures which, without any offsetting rise
in the expenditures of creditors, served to exacerbate the recession. A
similar idea is suggested by Keynes who wrote that 'if the fall of wages and
prices goes far, the embarrassment of those entrepreneurs who are heavily
indebted may soon reach the point of insolvency - with severely adverse
effects on investment' (1936, p.264). Keynes used this idea as one of his
arguments to explain why the market economy is not returned to full
employment equilibrium by falling money wages and prices.2 In much of
the General Theory, however, Keynes takes the failure of the price
mechanism as given and so works out the equilibrium of the economy for
arbitrary values of money wages and prices. This latter exercise, although in
many ways less interesting than his arguments about the inefficacy of price
and wage flexibility for stabilizing the economy, was much easier to
formalize and it provided the foundation stone for much of Keynesian
economics and the misguided view that Keynes relied upon the liquidity
trap or wage rigidities to explain involuntary unemployment. The subse-
quent debate between the Keynesians, monetarists and new classical
economists also tended to blur or ignore the fact that Keynes felt that the
major source of economic fluctuations was to be found in highly volatile
demand for investment and attention instead focused upon the monetary
sector and developments of the theory of liquidity preference.3 Two
important reasons for the relative neglect of the investment sector were the
forceful advocacy by Milton Friedman of the importance of the money
supply, and the Modigliani-Miller theorem, which formally showed that in
a perfect markets setting real investment decisions and the value of the firm
did not depend upon the method of finance.

Despite being out of the limelight, interest in the role of investment and in
its mode of finance persisted in attracting the attention of macroeco-
nomists. Notable among these were Gurley and Shaw (see, for example,
1955), who noted the role of financial intermediation in the credit supply
process and called attention to the importance of 'financial capacity'.
Financial capacity was an aggregate indicator of borrowers' ability to
support debt without having to cut back current or future spending in order
to avoid default or rescheduling. The role of financial and balance sheet
variables on investment and output was thus emphasized in a manner
similar to Fisher and Keynes.
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Another important writer was Rosa who put forward the so-called
Availability Doctrine that

in essence, it is not necessarily interest rates as a cost to the borrower, nor as an
inducement to the saver, but rather interest rates as a reflection of underlying
changes in credit availability, that have an important (though certainly not always a
decisive) impact upon the generation of business cycles. (1951, p.276)
Rosa's arguments focused attention on the issue of credit rationing and
stimulated attempts to provide a sound theoretical explanation for the
failure of interest rates to rise to equate supply and demand in the market
for loanable funds. These attempts in time led to the development of a
substantial literature on the role of asymmetric information in the credit
market. This literature provides the microeconomic foundations for the
models of the business cycle which we review in this chapter. The following
section looks at these microfoundations.

Asymmetric information and investment finance

Developments in the economics of information and incentives have been
applied to both the equity and debt markets for investment finance and
have been used to explain the forms of financial contracts and
intermediation.4

Consider the market for debt. There are three types of informational
asymmetry dealt with in the literature, either singly or in combination:
(a) Borrowers may be indistinguishable ex ante. This may give rise to

adverse selection and Akerlof 's (1970) 'lemons' problem.
(b) Banks may be unable to observe the use to which borrowers put their

funds. This may give rise to the problem of moral hazard with hidden
actions as in Arrow (1963, 1968).

(c) Banks may be unable to observe the returns to a project without
incurring a cost as in Townsend's (1979) model of costly state verifica-
tion. This may give rise to the problem of moral hazard with hidden
information since the borrower has an incentive to declare a project
return so low as to make him unable to repay his debt to the bank even if
the return is in fact much greater than would be needed to do so. In
response to this problem, banks commit themselves to monitoring,
either for sure or with some given probability, borrowers who default.5

Any of the above asymmetries of information may yield the result that an
increase, beyond a certain level, of the interest rate on loans may adversely
affect the rate of return to banks. In the first case this happens by driving
borrowers with safer projects out of the market which, given the asymmetry
in payoffs induced by the standard debt contract, is undesired by even risk-
neutral banks. In the second case it happens by driving borrowers to choose
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riskier projects, and in the third it happens by causing a rise in bankruptcies
and an increase in monitoring costs. In each case the non-monotonic
relationship between the rate charged by banks and the return received by
banks may be used to explain the phenomenon of credit rationing: banks
may wish to hold the interest rate below the market clearing level since
raising the rate would lower bank returns.

The early literature on asymmetric information and credit rationing
placed the emphasis on adverse selection and assumed that borrowers issue
standard debt contracts that pay lenders a fixed yield if the project return is
sufficiently high, or pay the entire project return if this is below the required
fixed yield; see, for example, Jaffee and Russell (1976), Keeton (1979) and
Stiglitz and Weiss (1981). However, a problem with this literature is that the
results are sensitive to the nature of the distributions from which project
returns are drawn; see, for example, de Meza and Webb (1987) who replace
the assumption used by Stiglitz and Weiss (1981) that the distributions
differ across projects in variances but not means by the assumption that
project distributions differ in expected returns. Another problem is that the
results are sensitive to the nature of the financial contracts; see, for example,
Bester (1985) who showed how the introduction of collateral requirements
might be used by banks to induce borrowers to self-select themselves into
different categories and eliminate rationing, or de Meza and Webb (1987)
who showed that the optimal mode of finance given the Stiglitz and Weiss
(1981) framework was equity and not debt.

Even if equity is the optimal mode of finance, however, it is possible to
show that the agency problems which beset the debt market have their
counterparts in the market for equity; see, for example, Myers and Majluf
(1984), Stiglitz and Weiss (1981), Greenwald, Stiglitz and Weiss (1984) and
Stiglitz (1988). Problems of a moral hazard or incentive type occur because
when a firm is equity-financed managers receive only a small fraction of any
extra profit so their incentive to expend effort on making profits is
attenuated. Alternatively, since the owners or managers of firms have
private information about their firms' expected returns, it may be those
with the lowest expected returns who are most willing to sell their shares,
thus leading to adverse selection problems.

These informational asymmetries in either the credit or equity market
show that investment may be constrained. The next section examines the
dynamic macroeconomic implications of these constraints and attempts to
find some microeconomic foundations for the ideas of the earlier writers
which were presented on pp.245-7. Given the variety of informational
asymmetries there are modelling choices to be made and we follow the route
of Bernanke and Gertler (1989). They introduce a costly state verification
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problem where debt and retained earnings or net worth play important
roles. There are good reasons for adopting this approach.

First it is possible to show that in models with costly state verification the
optimal form of financial contract is a standard debt contract and that this
contract is best intermediated by banks; see, for example, Diamond (1984),
Gale and Hellwig (1985), Boyd and Prescott (1986) and Williamson (1986).
The intuition for this result is simple. Given the informational asymmetry
the non-default payoff is a constant because no borrower would ever
choose to pay to the lender more than the minimum amount necessary to
prevent monitoring. The default payoff will equal the return to the project,
since if it was less then it would be possible to raise it whilst lowering the
non-default payoff so that the borrower's expected repayment remains the
same; this would leave the borrower no worse off but yield a gain to the
lender by reducing expected monitoring costs. Lenders monitor whenever
entrepreneurs claim to be unable to repay their loan since if they did not do
so entrepreneurs would have an incentive to default and keep returns to
themselves even when projects were successful. Intermediation dominates
direct lending since banks economize on monitoring costs; a bank monitors
a defaulting loan only once compared with each lender needing to monitor
individually under direct lending.

Secondly, debt and retained earnings are empirically by far the major
sources of investment funds, especially for small and medium sized firms
(see Fazzari et al., 1988, Stiglitz, 1992 for some convincing evidence).
According to Stiglitz this is partially a result of agency problems in the
equity market. Thus he claims that

the cost of issuing equity is sufficiently great that most firms act as if they were equity
rationed. When they are denied credit, they do not raise capital by issuing new
equity, but rather constrain their capital expenditures to retained earnings. (Stiglitz,
1988, p.313)

A real business cycle (RBC) model

Overlapping-generations model

In this section we present a slightly modified version of Bernanke and
Gertler (1989) who show how monitoring costs can produce low investment
equilibria and real business cycles. Their model introduces intragenera-
tional heterogeneity and an asymmetry of information into the overlap-
ping-generations model of Samuelson (1958). There are infinitely many
periods but in any one period there are two equally sized cohorts, one in its
youth and the other in its old age. Each cohort, distinguished by its date of
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birth, consists of a continuum of risk-neutral agents called entrepreneurs
who live two periods, their youth and old age, but consume only in their old
age.

There are two produced goods, an output or consumption good and a
capital good. The capital good is produced using the output good as an
input and the output good is produced by a constant returns to scale
technology using the capital good and labour as inputs. Capital goods
depreciate completely after one period in use. There is also a constant
returns to scale storage technology to which everyone has access and which
transforms one unit of the output good at the start of the period into r> 1
units of the output good at the end of the period. We call r the gross rate of
interest.

In their youth entrepreneurs are endowed with a single unit of labour
which they supply inelastically to a competitive labour market which pays a
wage w (i.e. they receive w units of the output good) equal to the marginal
product of labour at the end of the period. They save this w units of output
which then becomes their initial wealth or savings at the start of their old
age. Entrepreneurs must then decide whether to become capital goods
producers. It is at this stage that heterogeneity is introduced: entrepreneurs
have access to different capital good production technologies. In particular
each entrepreneur has access to an investment project which yields Z units
of capital goods, where Z is a random variable, but requires a fixed input of
x units of the output good. The random variable Z is the same for each
entrepreneur independent of x, but x varies across entrepreneurs. Entrepre-
neurs with low values of x are thus more likely to undertake investment
projects.

There is also a simple asymmetry of information: when an entrepreneur
undertakes an investment project only he can observe costlessly the actual
number of units z of capital goods produced. Any other agent must pay a
monitoring cost to observe the number of units of the capital good
produced. It is assumed that monitoring of any project uses up m units of
the capital good independent of z or x. We thus have a costly state
verification model of the Townsend (1979) type. As we have seen on p.249
financial intermediaries or banks arise naturally in such an environment
(see Diamond, 1984, Williamson, 1986) in order to economize on monitor-
ing costs. These banks take in funds from entrepreneurs who decide not to
invest or have excess savings and they lend to others who wish to invest but
have insufficient funds. It is assumed that the banking sector is perfectly
competitive so that each bank will make zero profits in equilibrium and that
each bank has a well diversified portfolio of loans. In addition it is assumed
that there are always sufficient funds in the economy to finance any level of
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investment which the banks wish to fund, so the gross rate of interest paid
on deposits at banks is r.

Capital goods produced but not used up in monitoring will be supplied to
a perfectly competitive capital market at a relative price q in terms of the
output good. Let k be the aggregate6 quantity of capital supplied. In
aggregate one unit of labour is supplied. Hence aggregate output is given
by/(&), where/( ) is the aggregate production function which is increasing
and concave in k. As there are constant returns to scale in output good
production, the capital price equals the marginal revenue product of
capital, f(k) and wages are equal to the marginal revenue product of
labour, f(k)—f{k)k. There are no profits in the output good sector.

The economy then proceeds as follows: at any date t the current old have
savings of st (the same for every member of the cohort). Old entrepreneurs
invest or save and this determines the amount of capital goods produced,
some of which may be used up in monitoring defaulting loans.7 The net
amount of capital goods and the fixed amount of labour supplied by the
young are then used as inputs to produce the output good. Because the
marginal product of labour increases with capital, a larger net capital stock
will produce higher wages and hence higher savings for next period. The key
role in Bernanke and Gertler (1989) is played by monitoring costs which
provide a link between the entrepreneur's wealth and capital goods
production. No such link is present under perfect information.

First best case

As a benchmark we shall consider the first best case where there is perfect
information, i.e. no private information, so that the outcome of the
investment process is observable to any agent at no cost, m = 0. Assume that
the random variable Z has a continuous, differentiate probability distribu-
tion function G(z) = prob{Z<z} with support [zmin,zmax] and density func-
tion g(z).8 Let ze = \zdG denote the expected value of Z. Then an individual
entrepreneur, taking q as given and borrowing if necessary at the rate r, will
undertake his investment project if ze>rx/q, i.e. if the expected return
exceeds the opportunity cost of investment in terms of capital goods. Write
x(q) = qze/r, since ze and r are given parameters of the model but q is an
endogenous variable. We shall assume that agents have perfect foresight so
the capital goods price q they expect is the equilibrium price. An entrepre-
neur with x<x{q) will undertake his investment project but an entrepre-
neur with x>x(q) will put any savings in the storage technology or on
deposit at a bank. Let H(x(q)) denote the proportion of entrepreneurs with
x<x(q) where we assume xe [0,xmax]. We can treat H(x) as a distribution
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function which we assume has a continuous density function h(x) with
h(x) > 0 on (0, xmax). Hence aggregate investment in the economy is

x(q)

)= [xdH. (1)

We refer to i(q) as the perfect information investment schedule. Although
there is uncertainty about the production of capital goods at an individual
level, since there is a continuum of entrepreneurs the law of large numbers
can be invoked so that at an aggregate level capital goods production is
non-stochastic and given by

k(q) = zeH(x(q)) (2)
where H(x(q)) is the proportion of entrepreneurs who undertake their
investment projects and ze is the average capital goods production of every
project. We refer to k(q) as the perfect information supply of capital goods
schedule. The demand for capital goods schedule kd(q) =f ~l (q) is given by
equating the capital goods price to the marginal product of capital. As
f" (k) < 0 and H(x) is increasing there is a unique equilibrium capital goods
price satisfying zeH(x(q))=f~l(q) which we shall denote q*, with x*
= x(q*), /* = i(q*) and k* = k(q*) denoting the first best levels. In order to
maintain the assumption that r is fixed it is necessary to assume that there is
always an excess supply of savings, i.e. st>i* for each time period t. The
dynamics in the perfect information case are trivial. In period 0 with savings
s0, /* is invested producing a capital stock fc* which commands a price q*.
The wages of the young are w* =/(&*) —f(k*)k*,  the marginal product of
labour. This becomes the next period's wealth or savings, sx = w* so that /*
is again invested, the capital stock is k* and output is f(k*), i.e. the
equilibrium level of savings st = w* is attained after one period.

Optimum financial contract
Now consider the situation with the asymmetry of information where the
outcome z is private information of the entrepreneur but can be observed by
other agents at a monitoring cost of m > 0. First consider an entrepreneur
entering his old age with savings s, who requires x units of the output good
to undertake his investment project and who expects a capital goods price
of q. Note that since the entrepreneur is small relative to the market, q will
be independent of his realized production level z. As in the perfect
information case, we maintain the perfect foresight assumption that the q
which each entrepreneur expects turns out to be the equilibrium q?
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To determine whether an entrepreneur will undertake his investment
project it is necessary to know on what terms he can borrow to finance his
project. Suppose that the entrepreneur undertakes his project and let
e<min(x,s) be his equity stake, i.e. how much he himself invests in the
project. If e < x then he must borrow the difference b = x — e from a bank.10

We assume that the loan contract with the bank can specify the equity
participation e and that the creditor can costlessly access the entrepreneur's
savings r (s — e)9 whether invested at another bank or invested in the storage
technology, in the event of default on the loan. We can then appeal to the
results of Gale and Hell wig (1985) that any loan contract with equity
participation e is weakly dominated by a loan contract with maximum
equity participation e = s and that for the reasons described on p.249 the
optimum loan contract is a standard debt contract. A standard debt
contract has the following features: (1) there is a fixed repayment R, (2) the
debtor repays R if he is able, i.e. if z>R and (3) if he is unable to repay R
then the debtor is in default and the creditor monitors at a cost m but
recovers the maximum amount of capital goods, i.e. z. Thus the optimum
loan contract is entirely described by the repayment factor R.

Given the standard debt contract and with R specified, the borrower's
expected repayment in terms of capital goods is

r T

p(R) = \zdG+ RdG.

Integrating both terms (the first term by parts) and rearranging gives
R

r
p(R) = R- G(z)dz. (3)

Likewise the creditor's expected return in terms of capital goods is

p(R)= !(z-m)dG+ [RdG=p(R)-mG(R). (4)

R

There are two points to notice here. First that p(R) is independent of x since
the returns to investment are independent of x and second that the
creditor's expected return is equal to the borrower's expected repayment
less the expected monitoring cost, the latter being m times the probability of
default, G(R). The function p(R) is drawn in figure 12.1a. We shall assume
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p, r(x - s)lq

(a)

Figure 12.1 Returns and repayments
(a) Lender's return function (b) Repayment function
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that it is a concave function, i.e. that mgr(R) + g(R)>09 and let
^maxG[0>zmax] denote the repayment factor which maximizes p(R) and let
Pmax= PĈ max) denote the maximum value of the function. Intuitively, as R
increases the creditor earns larger returns if the borrower does not default,
but expected monitoring costs increase because there is a higher probability
of default. Beyond Rmax the latter effect begins to dominate and the
creditor's return actually falls as R increases. Competition between banks
means that R is never set above Rmax, otherwise another bank could
undercut and earn a higher return.

In a competitive equilibrium with free entry of banks and, hence, zero
profits in the banking sector, the creditor's expected return on a loan of size
b must equal the rate of return on a loan of size b available from the storage
technology in terms of capital goods, i.e. r(x — s)/q. Hence

p(R)=p(R)-mG(R) = r(x-s)/q. (5)
(5) determines R as a function of x for a given s and q, i.e. the terms on which
different entrepreneurs can borrow, which we denote R(x;q,s) (entrepre-
neurs differ only in x; each has the same s and expects the same q). Figure
12.1b illustrates R(x;q,s) for a given q and s. For x<s there is no need for
the entrepreneur to borrow as he has sufficient funds himself, so R = 0. For
s<x<s + qzmjr then R = r(x — s)/q<zmin so there is no probability of
default, because the borrower can repay in full even in the worst possible
outcome. The creditor therefore faces no risk at the individual level. For
s + qzmjr<x<s + qpmax/r the creditor does bear some default risk, G(R)
>0, and R>zmin satisfies (5). For x>s + qpmajr there is no feasible
repayment such that any lender does not prefer to place funds in the storage
technology.

Within-period equilibrium
Having worked out the terms on which an entrepreneur can borrow it is
now possible to determine whether he would wish to borrow and therefore
the within-period equilibrium investment, capital goods production and
prices. An individual entrepreneur will wish to invest if ze —p(R) > rs/q, i.e.
if the expected return less the expected payment is no less than the
opportunity cost of his funds. But from (5), p(R) = (r(x — s)/q) + rnG(R),
where R = R(x;q, s). That is, the borrower's expected repayment must cover
the opportunity cost of the loan in terms of capital goods available from the
storage technology, plus the expected monitoring cost. Hence the entrepre-
neur will wish to invest if

ze-mG(R(x;q,s))>rx/q. (6)
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We graph both sides of (6) against x in figure 12.2 for given values of q and s
and let x(q, s) denote the critical value of x beyond which investment is not
undertaken. For x<s + qzmin/r, G(R(x;q,s)) = 0 so the left-hand side is
constant at ze, but for x>s + qzmin/r it declines until ze — mG(Rmax) at
x = s + qpmajr, where we have drawn figure 12.2 assuming ze — mG(Rmax)
>0. Figure 12.2a shows the case where savings, s are large enough or q
small enough, i.e. s + qzmin/r>x(q) = qze/r or s>q(ze — zmin)/r9 so that there
is no need to monitor.11 In this case there is no risk of default for any
borrower and the asymmetry of information makes no difference. Projects
are undertaken if ze>rx/q, just as in the perfect information case.

Figures 12.2b and 12.2c illustrate cases which involve monitoring. Figure
12.2b shows the case where x(q, s) < s + qpmajr. The marginal entrepreneur,
for whom x = x(q, s), can obtain funds from a bank by offering the bank an
expected return of r(x — s)/q but will make an expected profit of zero from
his project. The extra-marginal entrepreneur could also obtain funds, but
he would make negative expected profits and so would not undertake his
investment opportunity at the terms available in the market. In Figure
12.2c, on the other hand, the marginal entrepreneur, for whom x = x(q,s)
= s + qpmajr, will expect strictly positive profits but the extra-marginal
entrepreneur is unable to obtain funds in the market because no lender will
wish to lend to him. Since the extra-marginal entrepreneur would accept the
loan contract of the marginal entrepreneur if offered to him, there is credit
rationing.12 The important point for what follows, though, is not that credit
may be rationed but rather whether or not creditors expect to monitor, for if
they do this will raise the cost of finance and reduce investment.

In the private information case the marginal investor has an investment
cost of x(q,s), which depends both on the expected price of capital goods
and, because of its effect on the probability of default, the savings level of
the entrepreneur. In the perfect information case the marginal investor has
an investment cost x{q) — qze\r independent of entrepreneurial savings. It
follows from what was said above that x(q,s)<x(q), with equality if
s > q (ze — zmin )/r (figure 12.2a) but with strict inequality for s < q (ze - zmin )/r
(Figures 12.2b and 12.2c). For entrepreneurs with an investment cost of x
such that s + qzmin/r <x<x(q, s), the existence of monitoring costs does not
change their investment decision but means that they must pay a higher cost
to obtain finance. For entrepreneurs with x(q,s)<x<x(q), monitoring
costs mean that they do not invest where in their absence they would have
done. Aggregate investment in the economy is then simply given by

x(q,s)

i(g,s)= [xdH<i{q) (7)
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Figure 12.2 Within-period equilibrium
(a) No monitoring (b) Monitoring (c) Monitoring and credit rationing

with strict inequality for s<q(ze-zmin)/r. This means that for a given q
investment is either at or below the first best level.13

Figure 12.3 shows the response of x(q,s) to changes in q and s. It can be
seen from figure 12.3, or implicitly differentiating (6), that x is increasing in
q and is non-decreasing (increasing for s < q(ze- zmin)/r) in s. An increase in
q has two effects (1) a direct effect on the value of the entrepreneur's return
and (2) an indirect effect through the reduction of monitoring costs: a rise in
q reduces the repayment factor R for a given level of savings s<q{ze
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Figure 12.3 The response of x to changes in q and s
(a) The effect of an increase in s:s2 > s}
(b) The effect of an increase in q:q2 > qx

-zm i n)/r with the consequent reduction in the probability of default and
hence monitoring costs. That is, an increase in q both increases the
entrepreneur's gross expected return, qze/r, and reduces his expected
payment, p (see (3)), since R is decreasing in q (see (5)). Hence marginal
projects become strictly profitable as q increases. An increase in s has only
the indirect effect of reducing R and thus the probability of default and
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expected monitoring costs; when s is larger, the loan size and repayment
required for any given x is smaller.

As in the perfect information case, because there is a continuum of
entrepreneurs, the law of large numbers can be invoked to show that even
though capital goods production is random at the individual level, in the
aggregate it is non-stochastic. Since all entrepreneurs with x<x{q,s)
undertake their investment projects, total capital goods production is
zeH(x{q,sj). Some of this capital goods production may, however, be
dissipated in monitoring defaulting loans. Since default is a random event
at the individual level the cost of monitoring an individual project will be a
random variable,14 but again by the law of large numbers aggregate
monitoring costs will be non-stochastic and the quantity of capital goods
supplied as an input to the output market will be

x(q,s)

k{q,s) = zeH(x(q,s))-m f G{R(x;q,s)) dH<k{q) = zeH{x{q))
o (8)

with equality for s>q(ze — zmin)/r (where there is no risk of default) and
strict inequality for s<q(ze — zmin)/r. We refer to k(q,s) as the private
information supply of capital goods schedule. For s<q(ze — zmin)/r the
capital goods supply to the market is less than in the perfect information
case, k(q), because (1) fewer projects will be undertaken, x(q,s)<x(q), and
(2) some proportion of the loans made to finance projects will be in default
and so must be monitored, which dissipates some of the capital stock.
Differentiation of (8) using (5) shows that k(q,s) is increasing in q and is
non-decreasing (increasing for s<q(ze-zmin)/r) in s. An increase in q has
the above mentioned direct effect of increasing the supply of capital goods
but the indirect effect works in two ways; it reduces the borrower's
repayment R, which encourages more entrepreneurs to undertake projects
and also decreases the probability of default and so the capital lost through
monitoring. Increases in s have only these later indirect effects of decreasing
capital dissipated in monitoring costs and increasing the proportion of
projects undertaken.

The capital market equilibrium is illustrated in figure 12.4. The demand
schedule for capital, kd(q) =f~l (q), is drawn showing the equation of price
and marginal product of capital. Also drawn is the perfect information
supply schedule for capital, k(q) = zeH(x(q)). The first best occurs at the
equilibrium (q*,k*). Also drawn are the private information supply
schedules k(q, s) for three particular values of s. Higher values of s shift the
schedule to the south-east. Let s* = q*(ze — zmin)/r be the smallest value of s
such that the equilibrium outcome is (q*,k*). It can be seen from figure 12.4
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q*

k{sx)k{s2)k*

Figure 12.4 Capital market equilibrium: s* > s2 > 5,

how the equilibrium quantity of capital goods supplied to the market and
the capital goods price depend upon the initial level of savings for s < s*. We
can write these functions k = k(s) and q = q(s).

From figure 12.4 it is easy to see that in equilibrium q is non-increasing in
s and k is non-decreasing in s. Intuitively higher savings reduce monitoring
costs so that there is a larger supply of capital for a given price q, i.e. an
outward shift of the supply schedule which depresses price and increases
quantity. Thus for s>s* the first best outcome is sustainable even with
private information, but for s < s* there will be fewer capital goods used in
output goods production and hence lower output. Once the capital goods
price is determined for a given s, investment is determined by savings,
i(s) = i(q(s),s). Similarly since the wage w equals the marginal product of
labour and this increases with the amount of capital used in production,
wages are a non-decreasing function of savings since k(s) is non-decreasing,
i.e. w(s)=f(k(s))—f(k(s))k(s) with w'(s)>0. In principle it is necessary to
check that there is an excess of savings over investment, i.e. st> i(q(st),st) at
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every time period in order to maintain the assumption that r is fixed, but
following Bernanke and Gertler we shall simply assume that parameters are
such that it is always satisfied.

Deterministic dynamics

As we have said, even though capital goods production is random at the
individual level it is deterministic at an aggregate level. We therefore say the
economy is deterministic. The only dynamics in the deterministic economy
are provided by the savings variable; what entrepreneurs earn when young
becomes their savings at the start of their old age (remember that
entrepreneurs do not consume until the end of their old age). But as we have
seen wages in the current period depend upon savings in the current period,
so savings evolve according to a simple first order non-linear difference
equation given by st+x = w(st).

Figure 12.5 illustrates the possible steady-state equilibrium savings, se,
where the function w(s) cuts the 45° line.15 Once equilibrium savings are
determined, steady-state values of investment, capital goods production,
output and prices are determined from the analysis of pp.255-61. There are
a number of cases to consider depending on the relative magnitudes of w*
and s* and whether or not there is a unique equilibrium. First imagine that
savings at time t are no less than s*. Then the equilibrium capital supply is
k* with equilibrium wages w*=f(k*)-f(k*)k*9 so that next period's
savings will be st+l = w*. Hence w(s) = w* for s>s*. Since s* = q*(ze

- zmin)/r it is possible that either w* > s* or w* <s*. In figure 12.5a w* > s*
so that savings are sufficiently high in equilibrium to eliminate any
possibility of default. Hence there is a steady-state equilibrium with
investment at the first best level and equilibrium savings se=w*. In figure
12.5b w*<s* and there is a unique low investment equilibrium. Figures
12.5c and 12.5d illustrate the possibility of multiple equilibria.16 Both
illustrate a stable high investment equilibrium and a low investment
equilibrium with an unstable equilibrium in the middle. The economy may
tend to either stable equilibrium depending upon initial conditions. In
figure 12.5c the high investment equilibrium is below the first best level but
in figure 12.5d the high investment equilibrium is equal to the first best level.

Stochastic dynamics
The dynamics in the deterministic case are monotonic: savings, prices,
output and capital stock simply increase or decrease toward their equili-
brium values. If, however, there is a stochastic i.i.d. technological shock to
output production, then it is possible to show that monitoring costs can
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(a)

Figure 12.5 Dynamics
(a) Unique full investment equilibrium
(b) Unique underinvestment equilibrium
(c) Multiple underinvestment equilibria
(d) Multiple mixed equilibria

produce cycles or persistence and asymmetric responses. Suppose that there
is a random variable 0, with expected value of unity, which acts as a
multiplicative shock to the output technology, so that output y = 6f(k). We
follow Bernanke and Gertler and assume that debt contracts are made
before 6 is known, but that labour and capital are hired after 0 is known.
The capital goods price will then be a random variable and entrepreneurs
must base their investment decisions upon their expectations of the price.
Since they are risk-neutral their investment decisions are taken as if the
capital goods price were sure to be the expected price. The capital goods
supply curve will therefore be exactly as in the deterministic case, i.e. k{q\ s)
where qe is the expected price. Given that the shock is unity on average, the
expected demand curve is just that in the deterministic case and it can be
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seen from figure 12.4 that for a given level of savings, s, the equilibrium
price corresponding to the expected shock is q(s). Hence the rational
expectations equilibrium supply of capital is k(s). Once 6 is known, prices
will adjust to clear the market, i.e. q(s,6) = df(k(s)) since the supply of
capital goods is fixed in the short run, i.e. unresponsive to 0, and wages are
w(s, 9) = 6(f(k(s)) -f(k(s))k(s)) = 6w(s).

Consider first the perfect information case in this stochastic environ-
ment. In this case w(s,9) = 0w*, so a good shock produces higher output
and higher wages. Despite the fact that wages and thus savings are
stochastic, investment next period is unaffected, since in the perfect
information case investment depends only on the expected capital goods
price, q*, and hence is independent of savings. Thus i.i.d. shocks to
productivity will cause i.i.d. shocks to prices and output but have no effects
on investment or capital goods production.

Now consider the private information case. Since the first best equili-
brium capital goods supply is k* at an expected price of q*9 it can be seen
that s*, the smallest savings such that the first best outcome is sustainable in
the private information case, is independent of 0. A positive shock, 9 > 1,
then shifts the w(s) curve upward with no effect on s* and a negative shock,
9< 1, shifts it downward. In order to examine the possible implication of
this stochastic environment consider the following simple thought experi-
ment. Suppose that there is a sequence of 9 = 1 shocks, so that the economy
settles down at the steady-state equilibrium as if it were deterministic, but
then there is one positive shock, 9 > 1, before again the economy exper-
iences a sequence of 9 = 1 shocks. Figure 12.6a illustrates the case where
there is a unique low investment equilibrium. The economy begins in the
low investment equilibrium E when it is hit by a positive shock 9 > 1, which
shifts the curve upward for one period. Wages and output are higher than
anticipated which feeds through to higher savings next period. By reducing
total monitoring costs this allows more investment and capital goods
production next period, resulting in higher output and wages than normal
even though there is no new positive shock. There is persistence. In the
words of Bernanke and Gertler 'Strengthened borrower balance sheets
resulting from good times expand investment demand, which in turn tends
to amplify the upturn' (1989, p.27). There is also an obvious asymmetric
response to shocks between an equilibrium with low investment and one
with the first best level of investment. If there were a unique equilibrium
which sustained the first best level of investment with w* > s* then small
shocks would have no effect upon investment next period, whereas if there
is a unique low investment equilibrium even small positive or negative
shocks will cause persistent changes in future investment and capital goods
production. Furthermore, if there were a unique equilibrium which sus-
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(a)

Figure 12.6 Effects of a temporary technological shock
(a) Unique equilibrium with positive shock 6
(b) Multiple equilibria with positive shock 6
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tained the first best level of investment with w*>.s*, then whilst large
negative shocks would have an effect on investment, large positive shocks
would have no such effects.

An even more interesting possibility is shown in figure 12.6b which shows
multiple equilibria; a high level locally stable equilibrium at E', an unstable
middle equilibrium at G, and a locally stable low equilibrium at E. It is now
possible that the economy displays temporal agglomeration - once at either
the high or low level equilibrium the economy tends to oscillate around it
for quite a while until a big shock pushes it past the middle equilibrium at G
and it then moves towards the other stable equilibrium. Suppose that the
economy is at equilibrium E following a sequence of 6 = 1 shocks when
there is a large positive shock which shifts the w(s) curve upward. This
generates higher output and higher savings for next period and this may
push the economy beyond G and on toward the better equilibrium E' even
though thereafter the economy experiences only shocks 0 = 1 . It is also
possible that there may be asymmetries in the durations around high and
low level equilibria; if G is nearer to the low level stable equilibrium than the
high level stable equilibrium, the economy would tend to be shocked away
from the low level equilibrium more easily than it would be shocked away
from the high level equilibrium and so would tend to be more often around
the high level equilibrium. Evidence for such asymmetric cyclical behaviour
may be found in Neftci (1984), Hamilton (1989) and Diebold and Rude-
busch (1990).

Conclusions

Bernanke and Gertler (1989) have developed an equilibrium business cycle
model in which financial intermediation plays a crucial role in explaining
cyclical behaviour. The intermediation which takes place in the model fits
well with some of the features of real world financial markets. Intermediar-
ies carry out the task of monitoring defaulting projects, they borrow from
large numbers of depositors and lend to large numbers of borrowers,
writing debt contracts with borrowers and offering depositors financial
assets which pay an expected return equal to the safe rate. The main
implications of their model are:
(a) Absent informational asymmetries, investment is unaffected by i.i.d.

shocks to productivity and output responses are non-cyclical.
(b) With informational asymmetries i.i.d. shocks to productivity produce

cyclical responses in investment and output. The reason for the
persistence is that a good shock increases borrower net worth, reducing
monitoring costs and increasing investment and future net worth, and
vice versa for a bad shock.
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(c) The model may yield multiple equilibria with the possibility of temporal
agglomeration or, in other words, the possibility that the economy
tends to oscillate around either a high output or a low output
equilibrium with a big shock needed to push it away from one
equilibrium to the other.

The next section reviews a number of similar models which can be found
in the literature.

Financial factors and business cycles

Apart from Bernanke and Gertler (1989) there are a number of other
models of business fluctuations in which financial factors play a role.
Bernanke and Gertler (1990) pursues the theme of the importance of
borrower net worth, but in a model where the asymmetric information
problem is based not upon costly state verification but upon moral hazard
with hidden actions; entrepreneurs borrow in order to evaluate projects but
lenders cannot observe whether they actually do evaluate (moral hazard),
nor can they observe the information revealed by evaluation (which reveals
the success probability associated with a project to the evaluating entrepre-
neur). Despite the differences, the critical role of net worth in easing agency
problems remains essentially the same as in their 1989 study, although the
latter does not emphasize its role in propagating business cycles. In an
important development, Gertler (1992) returns to the problem of costly
state verification but extends the analysis to allow for multiperiod financial
arrangements. This makes agency costs depend upon the present dis-
counted value of future project earnings as well as upon the borrower's
current net worth. Thus a small change in macroeconomic conditions may
have substantial effects upon expected future earnings and produce large
short-run shifts in financial constraints.

Farmer (1984) and Williamson (1987) also embed a costly state verifica-
tion problem in an overlapping-generations framework similar to Ber-
nanke and Gertler (1989). In Williamson projects differ in terms of the
monitoring costs in the case of default, rather than the cost of funding, and
there are some agents who have no investment projects of their own. As in
Bernanke and Gertler (1989), and for similar reasons, credit may be
rationed in equilibrium; although in Williamson the allocation of credit is
based upon the (observable) cost of monitoring if a project fails, with credit
going to borrowers with the lower monitoring costs. Net worth, however,
has no role to play since Williamson assumes that individuals with projects
have zero net worth. The type of shock considered by Williamson also
differs from the shocks considered on p.261. In Williamson there are shocks
to the riskiness of investment projects; he assumes there are two possible
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states of the world, where one differs from the other by applying a mean
preserving spread to the distribution of project returns. With risk-neutral
agents such a shock would have no macroeconomic consequences in the
absence of information problems, but with costly state verification the
riskier state increases agency problems and leads to less investment in
projects. Since there is a one-period lag between making an investment and
the resulting production of output, this has a negative effect on investment
the following year too, producing cyclical dynamics or persistence as in
the model on pp.249-66. The difference is that Williamson's model
formalizes the idea that business confidence is important in explaining
output fluctuations.

In Williamson (1987) an important role is played by the demand for
money. He assumes that the consumption good is perishable between
periods so that his lender class, who supply labour when young but not
when old, must either invest in projects (via intermediaries) or hold money
if they wish to consume when old, thus yielding a role for money (i.e. valued,
unbacked government securities). His model yields a positive correlation
between the price level and real output, and negative correlations between
real output and business failures and real output and risk premia. It predicts
that intermediary loans and a nominal monetary aggregate Granger cause
output. The results concerning the price level and nominal monetary
aggregates cannot be derived from Bernanke and Gertler (1989) which
neglects monetary factors, but clearly the two models are complements
rather than substitutes.

Greenwood and Williamson (1989) develop a two-country version of
Williamson's model which examines the role played by financial factors and
exchange rate systems in the international transmission of business cycles.
The model displays monetary non-neutrality and positive comovements
among national outputs, inflation and interest rates. The correlation
between output and prices depends upon the source of disturbances,
monetary shocks yielding a positive correlation and technological shocks a
negative one. Exchange rate regimes matter for the variance of output, but
which yields the lower variance depends on the source of shocks, for
example a flexible exchange rate regime yields a lower output variance in
response to foreign monetary shocks than either of the two fixed exchange
rate regimes considered.

There are also a number of other studies in the literature which include
important roles for financial factors in the propagation of business cycles.
One approach adopted by Kiyotaki and Moore (1993) is to provide a
dynamic model of the enforcement problems in the credit market con-
sidered by Hart and Moore (1989).17 Although the model is rather different
from the models of asymmetric information discussed so far, the results are
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similar. As borrowers may repudiate their debt, creditors protect them-
selves by securitizing loans and never allowing the size of the debt to exceed
the value of the collateral. Investment, and therefore output, is determined
by collateral values. Investment and output in turn determine future
collateral values and yield multiplier and cyclical effects.

Another approach is presented in an interesting series of studies by
Greenwald and Stiglitz (1987,1988,1993) and Stiglitz (1992). They develop
a model which produces a role for net worth or retained earnings in
propagating cycles very much like that in Bernanke and Gertler (1989) but
without any credit rationing or explicit modelling of informational asym-
metries. Greenwald and Stiglitz rule out equity sales by using the type of
arguments discussed on p.248, and they assume a perfect credit market;
agency costs and asymmetric information, therefore, are used to justify
their model but have no formal role to play within it. The role for net worth
or retained earnings is introduced by assuming that the managers of firms
are risk-averse. Risk-aversion is introduced either by placing a cost on
bankruptcy in the utility function of managers or by making their utility a
concave function of profits. In either case this makes managers wary of debt
financing, since this increases the probability of bankruptcy. Hence
managers increase investment and output if net worth or retained earnings
increase, as this enables a substitution of retained earnings for debt.
Increased investment and output in turn maintain relatively high retained
earnings so shocks have persistent effects in much the same way as in
Bernanke and Gertler (1989). Investment is also sensitive to the riskiness of
the environment in a similar way to that discussed with respect to
Williamson (1987) above, but now directly due to risk-aversion rather than
agency costs.18

Yet another approach is taken by Blinder (1987) who, like Greenwald
and Stiglitz, assumes that there is no equity market but allows for credit
rationing. Firms unable to obtain credit are unable to hire factors of
production and there is a failure of effective supply. Whilst the models
Blinder uses are rather more ad hoc than those we have examined, he is able
to take advantage of their relative simplicity to integrate issues of aggregate
supply and aggregate demand. It would be interesting to do this in the
models with richer microfoundations which have so far tended to focus
more on the supply side; this is clearly an important task for future research.

Conclusions
We have reviewed the recent literature which provides microeconomic
foundations for the long-established idea that financial factors are import-
ant in explaining business cycles. Agency costs, enforcement problems or
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risk-aversion have been shown to offer possible explanations of cycles. In
this concluding section it is useful to compare these explanations with
others, briefly review the available evidence and offer a general evaluation.

It is possible to discern four major theories of business cycles (see Stiglitz,
1992): the theory we have reviewed here based on asymmetries of infor-
mation, the standard real business cycle (RBC) model (without informa-
tional asymmetries), the new classical model of price forecast errors, and
models of imperfect competition. The standard RBC model has been much
criticized on the grounds that it relies too much on large technological
shocks as the primary source of economic fluctuations (it is difficult to find
negative shocks to productivity of the size required to explain the Great
Depression), and too much on intertemporal substitution effects to explain
fluctuations in employment (see Mankiw, 1989, p.79). Furthermore it
might be expected that changes in investment are dampened rather than
exacerbated as entrepreneurs take advantage of the reduced costs of
investment in recessions. The new classical model introduces the extra
element that agents may mistake general price level changes for relative
price changes and respond accordingly, but this still fails to explain the
cyclical volatility of investment. Similarly whilst the degree of competition
might decrease in a downturn causing further reductions in output, such
effects also have unrealistic implications, e.g. that profit margins are
countercyclical.

The view that financial factors are important in propagating business
cycles might be viewed as complementary to the above three approaches.
But it also has some advantages. First, as we have seen, it is not necessary
that average productivity be affected since a small change in the perceived
riskiness of the economic environment can have significant effects via
agency costs (Williamson, 1987) or risk-averse behaviour (Greenwald and
Stiglitz, 1993). Second it has been suggested by Gertler (1992) that small
disturbances can induce large output fluctuations when borrowers and
lenders enter into long-term debt contracts. In that case net worth includes
the present discounted value of anticipated future project returns and, since
this may be quite volatile, it is possible that small shocks produce large
changes in the cost of external finance.

We have so far concentrated upon theoretical issues. There is some
empirical evidence which offers some support to the importance of financial
factors in explaining business fluctuations. Fazzari et al. (1988) examine
evidence from the USA and conclude that financial constraints are import-
ant for many firms and that their investment is positively related to retained
earnings or cash flow. An important aspect of their analysis is that they
study investment behaviour in groups of firms with different financial
characteristics and so offer a potential reconciliation of the mixed results of
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earlier studies on financial factors in investment: financial factors may well
matter more for some firms (new and small ones) than for others (estab-
lished and large ones). Fazzari and Petersen (1993) present further evidence
of financial constraints on investment and consider the role of working
capital. On a more macroeconomic level, Mishkin (1978) and Bernanke
(1983) marshal evidence in support of the hypothesis that financial factors
contributed to the depth and persistence of the Great Depression in the
USA. More recently, Gertler and Gilchrist (1994) have found that, in the
USA, small firms account for a disproportionate share of the manufactur-
ing decline following a tightening of monetary policy, and that balance
sheets significantly influence small firm inventory demand.

We close with a few words on policy implications and directions for
future research. The literature is, in fact, rather light on detailed derivations
of policy implications. Williamson, for example, concluded that 'there
appears . . . to be no obvious role for "stabilization policy'" (1987, p.1215).
Stiglitz, on the other hand, concluded that 'an effective stabilization policy
of the government should be directed at overcoming the limitations of [this]
rationing' (1988, p.320) after discussing agency problems but without
offering a detailed analysis of such policy. Hillier and Worrall (1994) have
examined a static version of Williamson's (1986) model and found the result
that if rationing does occur then investment is likely to be excessive. The
reason is that the market outcome produces too much monitoring, so that a
cut in loan quantity increases welfare by cutting total monitoring costs.
This result, whilst special to the model considered, illustrates that the policy
implications of such models may be quite different from the aggregate
demand management policies one might have expected from models with
Keynesian features like interest rate rigidities. This is perhaps not so
surprising once one remembers that the models do not so much explain
rigidities, but explain why prices which could move are sometimes held
constant by rational optimizing agents. Nevertheless, there is a clear need
for further examination of policy, preferably within versions of the models
extended to contain a government sector.

One way in which macroeconomic policy can have an effect in these
models has been examined by Farmer (1984, 1985), who showed that it is
possible for government debt and spending to generate real effects by
changing the real interest rate and affecting the level of investment. The real
interest rate is often fixed exogenously in the literature (it is given by the
return on storage in the model on p.250, and by the imposed rate of time
preference in the Greenwald and Stiglitz models discussed above), and it
might be interesting to endogenize it to examine Farmer's arguments in
other models. Another obvious implication of the models where retained
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earnings matter for investment is that the average as well as marginal rate of
profits tax matters for investment, a lower average tax rate raising retained
earnings and investment. This implication would appear to be testable.

We conclude that the literature on financial factors in macroeconomic
models is interesting and promising. Further theoretical work is needed to
examine the policy implications of this sort of model and to introduce roles
for other potentially important factors such as imperfect competition and
monetary surprises. Empirical work in this area is still relatively rare, and
more would be useful.

Notes

1. For a general survey of the role of asymmetric information in the market for
credit see Hillier and Ibrahimo (1993). An excellent earlier review with an
emphasis upon the macroeconomic issues is Gertler (1988).

2. Recently Bohn and Gorton (1993) have presented a model of coordination
failure which explains the use of non-indexed debt.

3. See the General Theory (1936, pp. 149-55, and 319-25) for support for the claim
that Keynes saw the volatility of investment to be the prime cause of output
fluctuations. Chapters 2, 3 and 4 of Hillier (1991) offer further discussion of
these and related issues.

4. For surveys of the literature examining the implications of agency costs for
optimal contracts and the financial structure of the firm see Dowd (1993) and
Harris and Raviv (1990).

5. The asymmetry of information identified in (a) is clearly ex ante because it exists
before the debt contract is signed. That in (b) is ex post in the sense that the
hidden action occurs after the contract is signed but ex ante in the sense that it
arises before the project return is observed. That in (c) is clearly ex post since it
arises after the contract and after the return is observed by the borrower.

6. All aggregate quantities are measured in per cohort terms.
7. Initially it may seem puzzling that it is the old generation who may invest rather

than the young, but it is notationally convenient to keep investment and the
returns to investment in the same period. Thus the young enter the economy
with no wealth and must work in the labour market to acquire wealth. As they
enter old age they make their investment choices and consume only at the end of
their old age.

8. As stated above this section presents a slightly modified version of Bernanke
and Gertler (1989). The main differences are: (1) they assume that Z is a discrete
random variable; (2) they allow for stochastic monitoring of returns in the case
of default whereas here we consider only deterministic monitoring: although
the macroeconomic properties of the model are unaffected by this change it
allows us to interpret the optimal financial contract as a standard debt contract;
(3) they introduce a class of lenders in their model, who do not have access to a
project of their own: this allows them to consider redistributions between
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borrowers and lenders and show that such redistributions 'that may affect
borrowers' balance sheets (as may occur in a debt-deflation) will have aggregate
real effects' (Bernanke and Gertler, 1989, p.28).

9. On p.261 an aggregate shock is introduced into the model so the perfect
foresight assumption will then be replaced by a rational expectations
assumption.

10. We do not allow borrowers to borrow funds from several banks.
11. If s is large or q is small the demand for funds will be low, either because

entrepreneurs can finance their own projects or because the expected return to
investment in terms of output goods is low.

12. Credit is rationed, though, according to observable borrower characteristics,
i.e. x, and is therefore quite different from the rationing of typical adverse
selection models (see, for example, Stiglitz and Weiss, 1981).

13. We make no statements about whether it is at, below or above the second best
level.

14. If there is default then monitoring occurs for sure because we do not consider
stochastic monitoring, but the event of default is a random variable.

15. The existence of an equilibrium is guaranteed since given our assumptions w(s)
is continuous, w(0)>0 and the maximum of w(s) is w*.

16. Multiple equilibria appear to be a common feature of models of coordination
failure in the New Macroeconomics literature. See, for example, Cooper and
John (1988) and Bohn and Gorton (1993) as well as Frank (Chapter 11 in this
volume).

17. Scheinkman and Weiss (1986) referred to such enforcement problems in their
study on borrowing constraints and aggregate activity, but did not present
detailed micro foundations.

18. Stiglitz (1992) extends the analysis to argue that banks are a specialized kind of
firm and that the principles which have been applied to other firms should also
be applied to them. Thus, 'a reduction in the net worth of banks and an increase
in the riskiness of their environment will lead them to contract their output, i.e.
to make fewer loans' (Stiglitz, 1992, p.290).
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13 Hedging, multiple equilibria and
nominal contracts

Dawn Acemoglu

Introduction

Not all transactions take place in spot markets. Contracts are often written
to determine the terms of future trades. Understanding the nature of
contracts is therefore an important step in the analysis of the allocation of
resources. A robust observation is that most contracts are not indexed to
the relevant price level despite the fact that prices at the time of transaction
are uncertain and that the parties involved are risk-averse. This constitutes
an important puzzle. A risk-averse agent would by definition benefit from a
reduction in risk. It would thus seem to be the case that two risk-averse
agents would always prefer to turn a nominal contract they have signed into
a real one in order to reduce the risk they are bearing. The fact that
apparently risk-averse agents write nominal contracts when the aggregate
price level is unpredictable therefore constitutes an important puzzle.

A number of explanations have been offered to account for the presence
of nominal contracts. Gray (1976), Fischer (1977), Cooper (1988a) show
how in the presence of both supply and demand shocks the optimal degree
of indexation is less than full, and therefore how some degree of nominal
rigidity can arise as an equilibrium phenomenon. However, this approach
does not in itself explain why the majority of observed contracts are purely
nominal (for instance Card, 1983, reports that about 50 per cent of US wage
contracts are not indexed at all, and the same applies with greater force to
European contracts). Here we can either appeal to bounded rationality or
to costs of writing complicated contracts. In particular, an argument
similar to that of Akerlof and Yellen (1985a) and Mankiw (1985) can be
suggested in this context (for example, Ball, 1988); costs of not choosing the
right degree of indexation to prices may be of second order to individuals,
while being first order to society. However, this argument is not very
compelling. Many contracts involve transactions for very substantial
amounts between risk-averse parties and costs of non-optimal contracts
may be very large. Also in labour contracts signed between firms and
unions, the cost of devising an optimal contract (especially if this contract
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requires full indexation) that will cover a large number of workers is likely
to be small relative to the benefit. A different line of attack is to ask whether
an equilibrium with nominal contracts can be a 'self-fulfilling prophecy'.
This intuition first suggested by Fisher has been developed by Cooper
(1990). In Cooper's model, risk-neutral firms write commodity and labour
contracts with risk-averse workers/consumers. If all other firms are offering
real contracts, it would be cheaper for each firm to offer a real contract but
in contrast, if all other firms are expected to offer nominal contracts, the
best thing that the firm in question can do is to offer a nominal contract.

This can be thought of as part of a more general phenomenon we refer to
as 'hedging via contracts'. When outside insurance opportunities are
limited, contracts written for transaction purposes will in general play two
roles; allocation of resources and allocation of risks. Suppose next period's
prices are random; a risk-averse agent would prefer to pay $50 and receive
$50 in current prices simultaneously rather than receive $50 in current
prices and pay $50 in fixed prices. This is because in the second situation he
is subject to the risk created by price uncertainty. By making both his
receipts and payments in current prices (or fixed prices) he avoids this risk.
Thus the agent may well prefer a nominal contract and the statement we
started with, that two risk-averse agents would always benefit from turning
a nominal contract into a real one, is not true. This intuition suggests that
the degree of indexation in contracts can in general be used to provide
insurance against risks associated with variations in the price level (i.e.
'hedging').

We will first construct a simple model that exhibits these features and, as
Cooper's economy (1990), has multiple equilibria. As our economy is
simpler than Cooper's, the basic mechanism will be clearer and we will be
able to locate all the equilibria. Also as in Cooper's example, all these
equilibria will be efficient because they offer 'perfect hedging' to traders.
However, more importantly we will show that when 'perfect hedging'
through nominal contracts is not possible, all these equilibria disappear and
we end up with a unique equilibrium without any nominal rigidity. It thus
appears that nominal contracting equilibrium is not a generic phenomenon.
Nevertheless, we also show that when other imperfections are present, this
need not be so. This result is in a similar spirit to Ball and Romer (1991),
who show that real rigidities increase the impact of small nominal rigidities.
However, the imperfections we consider are not real wage rigidities, but
limited insurance possibilities for agents and restrictions on the complexity
of contracts that can be written. If there exist non-diversified risks
associated with changes in prices, the equilibrium contracts will no longer
be fully indexed. In particular, we show that in a dynamic overlapping-
generations model where agents have limited access to financial instru-
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ments so that they cannot insure against relative price changes, a nominal
contracting equilibrium may emerge, while a real contracting one fails to
exist. Alternatively, when we restrict the complexity of contracts that can be
written, we see that as well as the Pareto efficient real contracting equili-
brium, an inefficient nominal contracting equilibrium becomes possible.
We also obtain a number of interesting results; as in Ball (1988), writing a
nominal contract creates a negative externality but through a completely
different mechanism, and as in Mankiw (1985), small menu costs may have
large impacts but again via a different channel. Underlying all these effects
is the desire of risk-averse agents to hedge. The more risk-averse are these
agents, the stronger is this mechanism. This can be contrasted to the Ball-
Mankiw mechanism which gets weaker as the agents become more risk-
averse, since increased risk-aversion raises the costs of non-indexation.

The plan of the chapter is as follows. The next section shows how a
multiplicity of equilibria arises when agents trade with more than one party,
but it is also shown that this multiplicity is not a generic feature. The
following section analyses a dynamic economy with financial imperfections
and demonstrates how a nominal contracting equilibrium may naturally
arise. The fourth section shows how a restriction on the complexity of
contracts can lead to the presence of Pareto ranked equilibria. The chapter
concludes with a brief discussion in the fifth section.

A model with perfect hedging and multiple contracting equilibria

Consider an economy consisting of N agents denoted by /= 1,...,7V. At
t= 1, if he buys one unit of good /— 1 as input from agent /—I, agent / can
produce one unit of consumption good and one unit of good i. Agent 1 buys
his input from agent N. Good / has no other alternative use and the
consumption good is sold in a competitive market. This situation can be
represented as the circle shown in figure 13.1. The single arrows show the
flow of inputs and the double arrows show the supply of the consumption
good.

We assume that agents can write contracts at time t = 0 to determine how
they will trade at t = 1. However, the general price level of this economy, /?,
at which they will also sell the consumption good to the market, is uncertain
with a known distribution at t = 0, say because the nominal money supply is
stochastic. Therefore, at t = 0 expected utility calculations are possible and
we ask what the equilibrium level of indexation will be in the contracts that
the agents write at t = 0. All agents again only care about their real income
(i.e. deflated by the price of the consumption good, /?), and we assume that
they all start with no outside real income and have the same strictly concave
(i.e. risk-averse) von Neumann-Morgenstern utility function w(-). We also
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Figure 13.1 Trading relationships in the basic model

assume that goods are freely disposable and that breach of contract is
prohibitively costly.

To determine the contracting equilibria of this economy we need to make
certain assumptions about the structure of bargaining prior to contracting.
We assume that the seller makes the first offer. If this is rejected, no contract
is signed at t = 0. At t= 1, the buyer makes a final offer, and if this too is
rejected, no trade takes place. There is no discounting between t = 0 and
t=l, but both parties incur a real cost /?< 1 if they cannot agree after the
first offer. All agents make their offers simultaneously at time t = 0 and t = 1.
The existence of the bargaining cost implies that agents would like to write a
contract at t = 0 rather than carry out transactions spot at t = 1. As the game
the agents play in this economy is dynamic, the equilibrium concept we use
is subgame perfect. In what follows we will solve the game by backward
induction, which will give us the subgame perfect equilibria. In all cases,
there also exist other Nash equilibria, however they are supported by
implausible out-of-equilibrium beliefs, and thus are not subgame perfect.

The time arrow for the events is given in figure 13.2. As can be seen, the
price level,/?, is not known at the time of contracting. However, since it has a
well-defined distribution, agents can calculate their expected utilities. The
situation is obviously very symmetric and this will lead to what we call
'perfect hedging'. We also concentrate on symmetric equilibria. We denote
the price level by p and let ci be the contract offered by /. In this case ct{p) is
the nominal payment that /+ 1 makes to i in return for the input that he
buys from i. We trivially have:
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f = 0 * = 1
The seller makes an offer The price level is

revealed and the buyer
makes an offer if
agreement not reached

Figure 13.2 Time arrow for the basic model

Lemma 1: There exists a no trade equilibrium in which there is no
production.

Lemma 2: There exists a real contracting equilibrium.

Proof: The method of proof is to consider a situation in which all
parties other than / and / - 1 offer and accept real contracts and to study the
optimal contract offer of / - 1. Suppose / expects to receive qt for his input
from / + 1 and is bargaining with / —  1. If he rejects /—l's offer, at t =  1 he can
offer a spot contract at the price q\_ x for this input. The minimum that will
be accepted by /—  1 is q\_ x = 0 because of free disposal (note that since /— 1
has already agreed with /—  2, he is producing for sure). In this case / would
obtain u(\ + qf—  ft) as he pays nothing for the input, receives qt from /+ 1
but incurs the bargaining cost /?. Agent /—  1 can demand qt_x at the first
stage of bargaining that just gives this utility to /. Therefore,

which gives qt_x = ft. However, we also need to show that /—  1 would not
prefer to offer any other contract. Suppose that all the other agents offer
and accept real contracts at q = /? and that / — 1  offers a contract c,-_ x (p) that
is not real. In this case, from the above argument, fs utility is given by

u(\) (2)

where / can obtain at least u(\) because if he disagrees in the first period, he
will get the input for free in the second period, which will give him w(l). As /
is risk-averse, i.e. u() is concave, E(ci_x(p)/p)< /?. Therefore, when he
offers this contract to /, /— l's utility is

(3)

As u(-) is concave and E(ci_l(p)/p)<P, (3) is less than w(l) which /— 1
would have obtained with the real contract #/=/?. Therefore, /—I will
choose to offer a real contract. •
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The existence of a real contracting equilibrium is naturally not surpris-
ing. However more interestingly:

Lemma 3: Any situation in which all agents offer and accept the
same contract c(p) is an equilibrium if c(p) satisfies

u(l). (4)

Proof: Take an arbitrary contract c{p) and suppose all agents
other than / and /—  1 have signed this contract. At / = 1, the second stage of
bargaining, / can offer a price of zero for the input. Therefore, at t = 0, /— 1
can offer a contract c*(p) which satisfies

and he will maximize

Eu[ 1+ (6)
V P P )

If (4) is satisfied c*(p) = c(p) trivially maximizes (6) subject to (5). •

This result states that an agent who has signed a contract that exposes
him to the risk of aggregate price variability can increase his utility by
obtaining hedging from another contract which has the same form but now
determines his income inflow rather than outflow. Condition (4) is necess-
ary because the seller can always improve upon a contract that does not
satisfy (4). It can thus be seen that a contract that does not satisfy (4) cannot
be a symmetric equilibrium of this economy as it will not be best response to
itself.

Lemma 3 also implies that a pure nominal contracting equilibrium (in
which all contracts are purely nominal) exists. To see this, note that
Eu(l-P)<u(l)aad

thus by continuity of «(•), there exists  a value of Q such that Eu{\ —/?
+ Qlp) = W(1) and also as Eu(-) is everywhere increasing in g, this value of
Q is unique.

Intuitively, if / has signed a contract that makes him pay a nominal
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amount, he would prefer to sign a contract that pays him the same amount
irrespective of the price level so as to obtain perfect hedging rather than
receive the expected value of this amount in real terms. To see the intuition
more clearly, consider the case in which / and /—  1 have signed a nominal
contract and so have /+ 1 and /+ 2. If/ offers a real contract (or a partially
indexed contract) to /+ 1, then he needs to compensate /+ 1 for the extra
risk he would be asking him to bear. However, / himself will be bearing
more risk and also compensating / + 1 . Therefore, he cannot prefer to offer a
contract that is not purely nominal. The crucial point is that all agents pay
the same amount to each other, and this implies that a contract that has a
different degree of indexation cannot be preferred to the contract that the
others have signed. This also explains why this section is called 'a model
with perfect hedging': because of the symmetric nature of the problem, all
agents can obtain perfect hedging by writing nominal or partially indexed
contracts. In the equilibrium in which all contracts are nominal, agents do
not bear the risk of price variability, although their payments and receipts
vary with the price level. This is also why in this model nominal contracts
yield the same level of utility to all agents as the real contracting equili-
brium. However, note that the different equilibria are not merely dis-
tinguished by the numeraire, because the prices of inputs relative to that of
the consumption good vary across the equilibria.

We summarize the findings of this discussion in Proposition 1:

Proposition 1: In the above economy, there always exist a no trade
equilibrium, a unique real contracting equilibrium, a unique nominal
contracting equilibrium and also equilibria with partially indexed con-
tracts. In all symmetric equilibria with trade, all agents get the same level of
utility, w(l).

Further, we can see that if a very small group of agents (for instance one
of these TV agents) suffers from money illusion and thus does not want to
write an indexed contract, this will be sufficient to make the only possible
outcome of this economy a nominal contracting one.

The model considered above is obviously very specific. First, we have a
bargaining game in which each agent simultaneously bargains with more
than one party, we also assume a specific ordering of moves; secondly, all
agents are identical and by writing nominal contracts they can obtain
perfect hedging; and thirdly there exist no fundamental risks associated
with the price level in the sense that the outside wealth of the agents does not
vary with changes in the price level.

The first assumption is made for tractability and simplification. As long
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as we maintain the symmetry assumption we can obtain exactly the same
result by considering different bargaining structures before the contracting
stage. Also the simultaneous bargaining assumption is not crucial as
nominal contracts offer perfect hedging; if we change the model such that 1
first bargains with 2 and then 2 and 3 until at the end N bargains with 1, we
will get the same result as in Proposition 1, since knowing that he can obtain
perfect hedging, 1 can start by offering a nominal contract. In fact, looking
at this set-up from an efficiency point of view we can see that all agents
trading through nominal contracts is an efficient solution to the allocation
problem. This again is due to the specific set-up of the model which gives
perfect hedging. Also in this respect the model is similar to Cooper (1990)
where the workers (the risk-averse agents in his model), sign both commod-
ity and labour contracts and obtain perfect hedging.

If we introduce certain features in this model that will prevent perfect
hedging, we lose the multiplicity of equilibria of Proposition 1. To illustrate
this suppose that agent / has an obligation to pay a real amount x to an
outside party (say, buy an input in spot market) and that all agents except /
and /— 1 have signed a partially indexed contract c{p). Will / and / - 1 do so
too? The answer is no, because in this case / would not obtain perfect
hedging and all the risks would be borne by him. As both utility functions
are concave, they can share this risk and be better off. Thus, their best
response to all other agents signing the contract c(p) will be to sign a
contract that is more closely indexed to the price level than c(p), say c*(p).
Thus both / and / - 1 would be bearing some risk. However, if all other
agents sign c(p) and /and/— 1 sign c*(p), the best response of/— 1 and/ -2
would be to share the risk that is now being borne by / - I . Reasoning
similarly, no contract c(p) that does not offer perfect hedging can be an
equilibrium. There is a unique contract that does so, the real contract,
c**(p) = qp. Therefore,

Proposition 2: When perfect hedging is impossible and there are no
price-related risks, there exists a unique equilibrium which is a real
contracting one.

This proposition shows that our result in Proposition 1 was rather
special. However, the caveat in Proposition 2 has to be borne in mind:
'when ... there are no price-related risks'. In practice, insurance markets
often appear to fail in eliminating inflation-related variability in the real
incomes of many households. When perfect hedging is not possible but
there exist price-related risks, there will no longer exist a multiplicity of
equilibria, yet the unique equilibrium of this economy will not be a real
contracting one. We can model the presence of price-related variability in
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real incomes by writing the real income of agent / as yt(p). The existence of a
unique equilibrium in this case follows a similar argument to that of
Proposition 2. To see that it is not a real contracting one suppose everyone
else signed a real contract except for / and / - 1 . Also /'s real income is y((p)
and that of /—  1 is yt-i(p). Generically these two real incomes will not be
perfectly correlated, and thus by writing a contract c(p) which makes the
real payment a function of the price level, i and /—  1 will be able to hedge
some of these risks.

Proposition 3: When perfect hedging is impossible and there are
price-related risks, there exists a unique equilibrium which is a generically
not a real contracting one.

Proposition 3 establishes that a real contracting equilibrium may be a
special case too. However, this does not really take us in the desired
direction since this equilibrium will not be a nominal contracting one and
thus does not help us in answering why the majority of real world contracts
are not indexed at all. However, we will see in the next section that if the
limited insurance opportunities take the specific form in which agents do
not receive real returns on part of their savings, a nominal contracting
equilibrium exists while a real contracting one fails to exist.

Nominal contracts in a dynamic economy with financial imperfections

In this section we consider an overlapping-generations version of the static
model of the previous section. The main differences are as follows:
1. There are TV agents of each generation in an infinite horizon economy

and agent / of generation t is referred to as agent (7, t).
2. Agent (1,0 does not buy from (TV, t) but from (N,t- 1).

A diagrammatic representation of this set-up is given in figure 13.3.
Agent (/, i) only cares about real income at time t, but he conducts his
negotiations before the price pt is revealed. This is also the time when agent
(N, i) negotiates with (1, t+ 1) to supply the latter with the necessary input.1
All agents have the same utility function w(-). We also make the crucial
assumption that agent (1,0 can borrow money at zero nominal interest rate
and pay for the purchase of a unit of input from (N,t—  1). Therefore, if he
pays c(pt_x), this will cost him c(pt_x)/pt in real terms. Basically, this
assumption is equivalent to assuming that the current interest rate is fixed in
nominal rather than real terms, or that agents cannot obtain real returns on
some part of their wealth.2 This assumption ensures that agents care about
the returns and the price level in their period and it therefore makes a
nominal contracting equilibrium possible. If agents receive interest at a
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(1,0

(AU-l)

Figure 13.3 Trading relationships in the overlapping-generations model

t-\ t
pt _ i revealed pt revealed
(i, t) offers to (i + 1, t) (i +1, t) offers to (i, 0
(AT, 0 offers to (1, f + 1) (1, t + 1) offers to (AT, t)

if agreement not reached att

Figure 13.4 Time arrow for the overlapping-generations model

given real rate, then nominal contracting equilibrium disappears - see the
discussion below and in the following section.

The other assumptions are the same as on p.000, and we concentrate on
non-decreasing contracts. Contracting for trade at t is made at time t after
/?,_ j is revealed, and the trade between (N, t—\) and  (1, i) takes place at t — 2
before/?,_ x is known. The time arrow is given in figure 13.4. The main result
of this section is:

Proposition 4: In the overlapping-generation model outlined in this
section
1. A pure nominal contracting equilibrium exists.
2. A pure real contracting equilibrium does not exist.

Proof: If (1, t) and (N, t—\) sign nominal contracts and so do  (N, t)
and (1, t + 1), we know from Lemma 3 that all agents at t will sign nominal
contracts. Suppose at t —  1, all contracts are at the nominal price Qt_ x and at
t, at the nominal price Qr At the second stage of bargaining, (1,0 can get the
input at zero price and his expected utility at time t — 2  (i.e. when he is
offered the contract, see figure 13.4), will be
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K(l). (8)

This expression is equal to w(l + y) by the argument in the proof of Lemma
3 because Q, is an equilibrium price for a nominal contract. Now (N,t— 1)
can offer c* (/?,_,) such that

j ^ j (9)
and c*(Pt-\) will be chosen to maximize (N,t —  l)'s utility

2s,_2w 1 1 . (10)
V P P J

The contract can only depend onp(_ x (i.e. not on/?,) because agent (AT, f —  1)
consumes at f — 1  before pt is revealed. Now we show that there exists a
nominal contracting equilibrium with Qt_ { = Qt=Q. The argument goes in
three steps:
(a) Suppose Qt is expected to be equal to Qt-X. Maximization is then

achieved by setting c(pt_l) = Qt_l. Also as Qt_x is an equilibrium
contract offer it must satisfy condition (4).

(b) When (1,0 signs a contract c(pt) = Q which satisfies condition (4), by
Lemma 3, all agents at t will sign the same nominal contract.

(c) The first two steps show that the situation is an equilibrium; when an
agent believes that everyone else will offer a nominal contract, he too
signs a nominal contract. Finally we need to show that the equilibrium
is subgame perfect. In other words, when (i,t) deviates and takes
account of the fact that the offer that (/+./, 0 will make to 0+7+ 1,0
may no longer be a pure nominal contract, he still prefers to offer a
nominal contract. The key observation is that (1,0 can get u(l) by
rejecting (N,t— l)'s offer and by waiting until  t—  1 to get the input for
free. Thus (N,t— l)'s offer  c*(pt_x) must satisfy:

where c (pt) is the best offer that (1,0 can make to (2,0 in the case where
he accepts c*(pt-x). c*{pt-\) will be chosen to maximize

E, Jx^-^^-^A. (12)
V Pt~\ Pt-iJ

Now c(pt) must satisfy (4) since it is the best offer of (1,0 and (1,0 only
contracts with agents from his generation. Next choose Qt such that it
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also satisfies (4) and note that c{pt) varies with price level while Qt does
not, therefore3 Et_2(c(pt)/pt)<Et_2(QJpt). But also Et.2(c*(pt^)/pt)
<Et_2(c(pt)/pt) can be deduced from (11) by the same argument since
/?,_! varies less than perfectly with/?,, thus the left-hand side of (11) is
more variable than the right-hand side, and thus must have a higher
expected value. This implies that Et_2(c*(pt_l)/pt_l)<Et_2(QJPt-i)
and so

r A , G, 6 , - i V - A , g*(A-i) Qt-i\ n^
Et_2u 1 H \>Et_2u 1 H (13)

V P P) \ P PJ
which proves that a nominal contract is preferred to any other contract,
and therefore we have a dynamic nominal contracting equilibrium.

To prove 2 above take the case in which (1, 0 signs a real contract at
the price q* with (N,t—  1). He would try to maximize

(14)

by choosing c(pt) at time t — 1  after pt_x has been revealed. So at the
time he is offering the contract, (/, t) is bearing the price risk through
q*pt-i', he could therefore reduce this risk by offering <:(/?,), that is
increasing in the price level pt. If c(p() satisfies (4), it will be accepted
and (/, i) will be better off. Therefore we cannot have a real contracting
equilibrium. •

The intuition of the proposition is that nominal contracts are offering
sufficient hedging, in particular to agents who buy in t — 1  and sell in t.
However, the crucial point is that these agents care about their returns in
the period they live in (i.e. in which they spend their money) and in the
absence of real returns on the money they save (by paying a lower price at
time f —  1), the best they can do is to sign a purely nominal contract. The
essence of this result is that because of the no real rate assumption, agent
(1,0 is forced to bear some risks related to relative price variability (i.e.
changes in/?, relative to/?,_ x because (1,0 cares about/?, while (N, t - 1) cares
aboutpt-i). The best thing to do is to write a nominal contract that offers
some hedging. This leads to the existence of a nominal contracting
equilibrium.

To illustrate, take agent (1,0; if we let the amount he pays be g, then (1,0
cares about Q/pr Suppose he signed a real contract, then Q = qpt-\.
However, as/?,_ x and/?, are not perfectly correlated, he would be subject to
more variability in his return. The same applies to any contract that is not
purely nominal. Given that (N, t—\) has already signed  a nominal contract,
he prefers a nominal contract too, and there is no reason to deviate. On the
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other hand a real contracting equilibrium does not work because in the case
where (N, t-\) has already signed a real contract, (1,0 and (N, t—\) would
still prefer to write a non-real contract and share the risks that a real
contract would have imposed solely on (1,0-

Another way of viewing this result is that the 'imperfection' in the
'financial sector' of this economy, which is in essence the absence of indexed
bonds, makes the optimal contract nominal. However, in this case we can
ask why is the interest rate not fixed at a real rate independent of the change
in the price level between t — 1 and t. First, as the model stands there is no
reason to have such a market. Secondly, agents may need to carry some
money for transactions (matching imperfections) or as precaution (uncer-
tainty) on which they will not get any interest, and this will be sufficient to
get us a result as in Proposition 4. Finally, when all contracts are nominal,
the banking sector may prefer to pay at a nominal rate.

We can also note that the no interest rate assumption is not necessary for
this result. We can have a constant interest rate or alternatively an interest
rate paid at t that depends only on/?r What would reverse the result would
be to have a rate that depends on the ratio pt_ Jpr If this were the case we
would have a real contracting equilibrium and no nominal contracting
equilibrium.

Finally we can discuss the efficiency properties of this equilibrium. The
nominal contracting equilibrium is efficient given the financial imperfec-
tion. All agents except (1, f) receive full insurance and (1,0 does as well as he
can given the fact that there exist non-diversifiable risks associated with
changes in prices. Thus although we have demonstrated that a nominal
contracting equilibrium is possible when there exist other imperfections in
the economy, we have not offered an explanation of how nominal contracts
can arise even when they create inefficiencies. To analyse this case, we now
turn to a situation in which there are restrictions on the set of possible
contracts.

A model with imperfect hedging

In this section we will analyse a contracting situation between three
risk-averse parties, a worker, an intermediate product firm and a final
product firm. However, in contrast to the previous sections, we will restrict
the strategy space of these agents and assume that only purely real and
nominal contracts can be written. This is certainly a radical assumption,
and the arguments suggested in the Introduction can be used to say that
writing partially indexed contracts should not be too expensive. We can,
however, justify a restricted strategy space by bounded rationality; it is
difficult for agents to understand a general function c(p) which maps every
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price level into a payment level. It can also be argued that if one side
disobeys the contract, the parties need to go to a court. It is conceivable that
partially indexed contracts are prohibitively costly to adjudge and one of
the parties can always disobey the partially indexed contract. This may
force the parties to write only purely nominal and real contracts. A more
subtle and plausible justification will be to argue that, as we will see,
partially indexed contracts will never be used in equilibrium, thus if it is
costly to learn to do these calculations, the agents in this economy may
decide that it is not worthwhile to acquire the skills necessary to understand
these contracts despite the fact that it may not be too costly to do so.
However, if they do not know how to use these complicated contracts, an
inefficient nominal contracting equilibrium becomes possible (see below).

Let us denote the utility function of the three players by Uw, JJl and UF.
All these utility functions are defined over real incomes and are concave. As
in the last section the price level which determines how much a given
nominal amount is worth in real terms is unknown at t = 0 when contracts
are written. As /is faced with two take-it-or-leave-it offers, it will be forced
down to its outside option which is zero. If we let the contract offered by the
worker be W{p) and the contract offered by firm Fbe Q(p) (mappings that
give the nominal payment for each realization of the price level), then we
need

P^U (15)
where the expectation is taken over the realizations of/?, and in this case the
worker will get utility EUw(W(p)lp) and Fwill get EUF(\ - Q(p)/p) as it
receives 1 in real terms for the unit of output it sells in the spot market at
time t= 1, and pays Q(p) to /in nominal terms. Take a real contract offer,
Q(p) = qp, by firm F, then Ws best response is to offer the real contract
W(p) = qp. Further Q(p) = qp is the best response for Fagainst W{p) = qp.
Of course, this does not tell us how q is determined, but shows that a real
contracting equilibrium exists. However, the argument used for Proposi-
tion 2 shows that W{p) = Q is not a best response to Q(p) = Q and so a
nominal contracting equilibrium does not exist unless we restrict the
strategy space. Therefore,

Proposition 5: When general contracts can be written, the unique
equilibrium is the efficient outcome in which all contracts are fully indexed.

Now suppose that we restrict the strategy space of the agents such that
they can only write nominal and real contracts and that W offers W(p) — Q
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to /; what is F's best response? Fcan offer either Q(p) = Q which will give
EUj= 0 or Q(p) = qp such that

0. (16)

Therefore the question is whether EUF(\-Q/p) is larger than UF(l -q)
where q satisfies (16). If Uj is more concave than UF in the sense that
Uj() = g(UF(')) where g() is everywhere concave, then EUF(l —  Q/p) will
be larger than UF(l—q).  Similarly, W(p) = Q will be the best response
within this restricted strategy set against Q{p) —  Qp if Uj is more concave
than Uw. To see that concavity is sufficient for this argument, take qF such
that EUF(\ - qF) = EUF{\ - Q/p) and qf such that EUI(qI-Q/p) = 0. If
qF>qi then F will prefer to offer a real contract. Thus for a nominal
contracting equilibrium to exist we need qF<ql9 and this is equivalent to t/7
being more concave than UF. An analogous argument establishes that JJI
needs to be more concave than Uwiox Wio offer a nominal contract when F
is expected to do so. Therefore,

Proposition 6: In the above model, with only real and nominal
contracts allowed, we can have nominal and real contracting equilibria if Ul
is more concave than both UF and Uw.

This result is again cast in a very specific and simple model, and so does
not have general applicability. However, it again demonstrates that if we
have other imperfections nominal contracting equilibria can again exist.
Thus although this model does not seem very robust, the intuition that
follows from it is.

Another interesting feature of this model is that in contrast to the model
considered in the last section, there is a clear welfare ranking between the
two equilibria. The real contracting equilibrium ex ante Pareto dominates
the nominal contracting one. This of course begs the question of why the
nominal contracting equilibrium will ever arise. The natural answer is
obviously a coordination failure among the agents. In fact, when F and /
write a nominal contract they create a negative externality on W, and vice
versa when Wand /write a nominal contract. These externalities imply that
the nominal contracting equilibrium is inferior to the real contracting
equilibrium. However, it is optimal for Wto offer a nominal contract if he
believes that 7MS doing so.

We can also compare the results of this section to related literature on
indexation. First, the multiplicity obtained here is different from the one on
p.281 and in Cooper (1990), because perfect hedging no longer holds and
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the nominal contracting equilibrium is now inefficient (Pareto dominated).
Secondly, as in Ball (1988), an agent who chooses less than first-best
indexation (i.e. signs a nominal contract) is creating a negative externality
on other agents. In particular, when firm F offers a nominal contract to /,
the worker W is suffering as a result. In Ball (1988), these effects arise
through the aggregate demand externality when we close the economy with
a demand side whereas in this section, the mechanism is the risk-aversion of
firm /; for firm /, contracts do not only allocate resources but also risk, so
when it signs a nominal contract with F, it would also like to sign a nominal
contract with W, ignoring the costs that these nominal contracts impose on
other agents. Finally our results can be interpreted in an alternative way in
order to enable easier comparison with the 'near-rationality' or 'small menu
costs' literature. Note that the optimal contract in our economy is a real
one. Thus, as suggested earlier, if there exists a small cost of investing in a
technology that will enable agents to write complicated contracts, they may
find this unnecessary, because in equilibrium these contracts will not be
written. However, once these contracts are unavailable, as Proposition 6
shows, we can no longer rule out the inferior nominal contracting
equilibrium.4 Thus, innocuous behaviour at the individual level may have
important aggregate consequences, as in the Akerlof-Yellen-Mankiw
studies. Nevertheless, as our discussion illustrates, the intuition is quite
different and relies on the risk-aversion of the agents - in particular, on the
risk-aversion of firm /. Also, investing in the technology necessary to write
complicated contracts would create an externality which is again not
internalized. If F invests in this technology the nominal contracting
equilibrium will disappear and ^will also benefit, but this of course does
not feature in F's calculations.

Discussion and conclusion

This chapter builds upon the intuition that for an agent who is already
subject to the risk of price variability, a contract that links the level of his
real payments (or receipts) to the price level can provide hedging and
increase his welfare. As Cooper (1990) shows this may contribute to our
understanding of why most observed contracts are not indexed on the price
level. However, we also demonstrate that the existence of an equilibrium
with nominal contracts requires that they are as good in allocating risks as
fully indexed contracts are. Thus we need perfect hedging. As in most
situations certain transactions have to take place in the spot market, perfect
hedging will not be possible and thus a nominal contracting equilibrium
will not exist.
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However, this is not the whole story. Trading in spot markets may imply
that nominal contracts do not offer perfect hedging, but in the presence of
fundamental risks related to the price level, agents can do better than write
real contracts. We show that for certain forms of financial imperfections, a
nominal contracting equilibrium may exist in a dynamic context, especially
when agents cannot insure against risks of relative price variability, while in
the same situation a real contracting equilibrium fails to exist. However, in
this equilibrium nominal contracts efficiently allocate risks, and thus we are
unable to answer the question of whether nominal contracts may introduce
inefficiencies. In order to tackle this issue we restrict the complexity of the
contracts that can be written. The issue of hedging enriches the analysis at
this juncture, too. If bounded rationality or transaction costs make
partially indexed contracts too costly to write, a nominal contracting
equilibrium may exist under less restrictive circumstances. A Pare to
inferior nominal contracting equilibrium may arise in this case, demon-
strating that even though nominal contracts may have some positive role in
efficiently allocating risk, they may also cause important distortions.

Therefore, this chapter identifies hedging as a mechanism that can
potentially explain the existence of nominal contracts. As emphasized in the
chapter, this is unlikely to be the whole story, but it can contribute to our
understanding of nominal contracts. In particular, we can ask whether
certain nominal contracts we observe in the real world provide hedging.
First, since most firms buy and sell through predetermined contracts, our
theory predicts that these firms could have both sets of contracts nominal or
real but should not have nominal contracts determining their payments and
real contracts determining their receipts. Secondly, the intuition of this
chapter can be applied to mortgage contracts. These contracts determine
the payments of agents who often receive wages and salaries through
nominal contracts. We should therefore expect mortgage payments to fall
in real terms with increases in the price level. Finally, since the tax brackets
in most countries are infrequently adjusted for inflation, this can also act as
an imperfection against which nominal contracts can be used to obtain
hedging. On the other hand, an important class of nominal contracts is the
wage contracts, but hedging appears to be less of an issue here. Some
workers sign contracts that make the level of their real payments a function
of the price level - such as nominal mortgage contracts - and wage contracts
may be offering hedging against these risks. However there is much more at
stake when nominal wage contracts are signed because they also make the
level of employment a function of the price level and they are unlikely to be
explained by hedging only. Thus there are still many unanswered questions
before we can reach an understanding of why most contracts, and in
particular most wage contracts, are in nominal terms.
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Notes
This chapter is based on ch. 4 of my Ph.D. thesis at the LSE. I am grateful to Charlie
Bean, John Moore, Neil Rankin, Kevin Roberts, Ulf Schiller, Andrew Scott and
seminar participants at the LSE and the University of Warwick Macroeconomics
Workshop (July 1993) for helpful comments.
1. This assumption implies that there are at least 2N+ 1 agents alive at any point in

time, but crucially all agents of generation t only consume at time t (I am grateful
to Neil Rankin for pointing out a confusion about the number of agents alive in
the earlier version of the chapter).

2. Putting it differently, the existence of financial imperfections creates risks against
which agents cannot insure. An alternative form for this assumption is to assume
that each agent living at t receives money income Mt at time t — 2 but can get only
nominal interest rate on this amount. However this assumption complicates the
analysis because the real income received by agents also depends on the price
level, and they will prefer contracts that offer them hedging against this risk too.

3. To see this, note that if E(c(p)/p) = E(Q/p), then Eu(\-P + c(p)/p)
>Eu{\-p + Qlp) by the concavity of w().

4. If we model this situation in a game theoretic context, we will end up with a mixed
strategy equilibrium in which the cost to write complicated contracts will be
incurred by F and W some of the time.



14 Information acquisition and nominal
price adjustment

Torben M. Andersen and Morten Hviid

Introduction

The failure of prices to adjust plays a crucial role in Keynesian macroecono-
mics. In particular the failure of nominal prices to adjust instantaneously to
nominal shocks is important for the role of demand shocks as a source of
business cycle fluctuations. Empirical evidence shows that nominal shocks
contribute to business cycle fluctuations (see, for example, Andersen, 1994).
Insufficient price adjustment may at a general level be caused by either
adjustment being costly in terms of explicit or implicit costs or by price-
setters lacking sufficient information to make the proper adjustment.

The most widespread model of price inflexibility is the so-called menu
cost model, assuming price adjustment to be costly. This model has recently
been extensively analysed (see Ball, Mankiw and Romer, 1988 and Ander-
sen, 1994 for introductions and references) and has provided a number of
important insights on price adjustment. Still, the empirical relevance of
price adjustment costs remains an open question, and it is not obvious
whether price adjustment costs are more important than costs of adjusting
quantities.

An alternative approach to the explanation of price rigidities is to
consider informational problems arising in decentralized economies. Small
departures from the benchmark case of full information are sufficient to
cause adjustment failures, especially if firms are differently informed or if
there is confusion between permanent and transitory changes (see Ander-
sen, 1994). In this chapter we extend the analysis of informational problems
by making information acquisition by actors in the economy explicit.

This has several purposes. First, it allows us to check whether menu costs
can be interpreted as information costs, and thus act as a simple modelling
device. Secondly, it allows us to check whether information acquisition has
other implications for price adjustment than the obvious one that if the
value of information falls short of the costs firms do not acquire infor-
mation and hence there will be price adjustment failures. Finally, the
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analysis is relevant for the more general question of the ability of decentra-
lized market economies to aggregate and disseminate information. This
issue plays a central role in economics but has hitherto been analysed
rigorously only for competitive financial markets (see Grossman and
Stiglitz, 1976, 1980; Radner, 1981). Clearly, the question is highly relevant
in relation to product markets as analysed in this chapter.1

The framework adapted here is a model of monopolistic competition
which has proved a useful vehicle for macroeconomic analysis. Firms set
prices simultaneously given their private information, but price decisions
interact since firms compete over market shares. Considering first an
exogenous information structure with informed and uninformed firms, we
find that the uninformed firms have a disproportionately large effect on the
price level due to strategic complementarities in price-setting.

Endogenizing the information structure by assuming that information
can be acquired at a cost, we find as expected that for sufficiently high
information costs information acquisition is never worthwhile and nobody
acquires information, implying completely rigid nominal prices. However,
there are more important results going beyond the obvious implications of
information acquisition being costly. First, there may be multiple equilibria
in information acquisition, due to a self-fulfilling property in information
acquisition. The incentive for any single firm to acquire information
depends on how many other firms are expected to acquire information. We
show that at some cost levels, there exist equilibria in which all firms acquire
information and others in which no firms acquire information. This implies
that even for moderate information costs no acquisition may be an
equilibrium outcome, and moreover information acquisition and thus price
adjustment may be path-dependent. Secondly, the interplay between firms
may also preclude the existence of equilibrium in the information acqui-
sition game. This arises due to a Grossman-Stiglitz (1976, 1980) type of
information paradox. Information is valuable to firms, and if no other
firms are acquiring information there is an incentive for each firm to do so.
However, if all firms are acquiring information it is not worthwhile for any
single firm to do so. Our setting differs from Grossman and Stiglitz as firms
cannot infer the information held by informed firms directly, but their
decisions are interrelated through the implications of information for the
aggregate price level, which in turn affects the optimal price for each firm
and the incentive to acquire information.

The second section sets up a model with monopolistic competition. The
adjustment of the aggregate price level to nominal shocks is considered in
the third section, presuming an exogenous asymmetry in information
between firms. The fourth section endogenizes information acquisition and
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considers equilibria to the information acquisition game. The fifth section
summarizes the chapter's arguments.

Price determination

Consider a monopolistically competitive economy, where demand for
goods produced by firmye/is given as2

« > ,

where Pj is the price charged by firmy, P the aggregate price index, and M
the level of nominal demand (or money stock). The aggregate price level is
defined as

where / is the number of firms.
To focus on nominal adjustment, the money stock M is the only state

variable and it is assumed to be a random variable. For tractability, it is
assumed to be lognormally distributed, i.e.

lnM~N(0,a2) (2)
To the extent that firms can condition their prices on the true value of M,

the general price index will also be a random variable. The specific form of
the demand function is chosen to capture two essential variables affecting
demand, namely relative prices and the aggregate demand level.

Firms produce output subject to the following decreasing returns to scale
production function

yr
X-l] 0<y< l (3)

where /; is labour input.
As is usual for monopolistic competition models, each firm ignores its

effect on the other firms' prices which occurs through the price index. Firms
set prices simultaneously to maximize expected real profits ETIj condi-
tioned on their information set /, which, given (1) and (3), can be written as

where W is nominal wage which is exogenously determined. To rule out
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nominal wage rigidities, it is simply assumed that the nominal wage level is
proportional to the nominal shock variable, i.e.

W=M.
It is well known that nominal wage rigidity causes nominal price rigidity.

Hence, the above mentioned assumption serves the purpose of showing
that in the process of price-setting there may be reasons for nominal
rigidities beyond those arising in wage-setting.

The first order condition for profit maximization can be written as

(5)
We have assumed above that M is lognormally distributed. Below we also
show that P is lognormally distributed. This allows us to simplify (5). If JC is
random variable lognormally distributed, we have that (see, for example,
Aitchison and Brown, 1957)

\nE(x) = E(\nx) + l/2VAR(lnx). (6)
Using (6) on (5), the resulting price decision rule can be written as

\nPr Aoy+ ^E(\nP\Ij) + X2E(\nM\Ij) (7)
where expressions for XQp kx, and X2 are given in appendix 1, and where

reflecting that the nominal price quoted by firmy is homogenous of degree 1
in the two exogenous nominal variables P and M.

Asymmetric information

We want to investigate the incentives of an individual firm to acquire
information, but before we proceed with this task, it is useful to analyse the
case of an exogenous information structure. We therefore first solve the
model assuming two groups of firms - informed who know the realization
of M, and uninformed who only know the distribution of M as given in (2).
Index these firms by /and £/, respectively. Let h be the fraction of informed
firms and assume that h is known by all. Although this assumption in itself
raises informational problems, it is made here to focus on the implications
of lack of information concerning exogenous state variables.3 Note that for
h > 0, a fraction of firms can condition their price on the realization of M,
making the price index a random variable from the point of view of the
uninformed firm.
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Because of the symmetry, all informed firms will quote the same price and
similarly for the uninformed firms. Denote the price quoted by an informed
firm by P7and by an uninformed firm Pv. The aggregate price level becomes
in this case

P=Ph
IP\J

h (8)

where h is the fraction of firms being informed.
We shall prove the existence of an equilibrium to the model under this

asymmetric information structure, and provide a characterization of
equilibrium prices by use of the so-called undetermined coefficients
method. Conjecture that the equilibrium price is determined as

(9)

Then

E(\nP\Iv) = p0

and we find

lnP7= /lo/+ kx (p0 + px\nM) + l2lnM (10)

lnP^^+Vo. (11)

Using the definition of the aggregate price level given in (8), we find by
inserting (10) and (11) that the resulting aggregate price level can be written
as

lnP = h(X0I+lxp0) + (\-h)(k0U+Xxp0) + h(X2 + Xxpx)lnM. (12)

For (12) to be consistent with (9), we require

or

{\-Xx)h

Consequently, the aggregate price level is determined in (9) with the
coefficient given above in (13) and (14), i.e.
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Hence, we have found a unique rational expectations equilibrium to the
model within the class of loglinear solutions. As assumed above, P is
lognormally distributed with mean p0 and variance (pxo)2. Further, the
covariance between lnP and lnM is pxo2.

We note that the coefficient to the money stock is less than one (px < 1),
reflecting that there is a nominal rigidity. This is no surprise given that a
fraction 1 — h of the firms is uninformed about the nominal shocks.

It is more interesting to note that the adjustment coefficient is actually
less than the fraction of informed firms, i.e.

px<h for h<\.

Hence, even though a fraction h of firms knows the true nominal shock
the aggregate price level is adjusted by less than this fraction. The reason is
the strategic complementarity in price-setting {lx>G), implying that
informed firms take into account the prices set by uninformed firms, and
since these prices by definition cannot be adjusted to the nominal shock
variable, it follows that the informed adjust their prices by less. This is a
variant of the result proven by Haltiwanger and Waldman (1989) that with
strategic complementarities the naive agents - here, the uninformed firms -
have a disproportionately large effect on the equilibrium outcome com-
pared to the sophisticated agents - here, the informed firms.

The importance of the interaction between differently informed price-
setters is seen clearly by comparing the equilibrium price level (15) to the
hypothetical price level given as a weighted average of the price level if all
firms are either informed or uninformed, i.e.

lnP = hlnPj + (1 - h)\nPu (16)

where luP^lnP^) is the aggregate price level if all firms are informed
(uninformed). The prices are weighted by the fraction of informed and
uninformed agents respectively. The price level in (16) does not, therefore,
take into account any interaction between differently informed
price-setters.

We find that
\nP-\nP=(px-h)\nM.

Hence, the interaction between differently informed firms does not affect
the average level of prices but only the adjustment to the state variable. The
interaction implies that the price level becomes less sensitive to the state
variable, as is seen by noting that
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It turns out that the reduced sensitivity of the price level to the state is
dependent on the fraction of informed firms

dx Xx + 2h)ix — h2A2>
dh (1 — hXx)2 <

^ = 2 n i ( i ^ y > Q -
oh (\—hAx)

Hence, x is convex in h, zero at the upper and lower bound on h, negative
elsewhere and achieves a minimum for an interior value of h. It follows that
the interaction between differently informed price-setters has important
implications for the behaviour of aggregate prices, and we next turn to an
analysis of how this affects the incentives to acquire information.

Endogenous information acquisition

In the preceding section, the information structure was exogenously
imposed. In this section, the information structure is endogenized. Assum-
ing information acquisition to be costly, the issue is whether firms find it
worthwhile to acquire information, thus removing all uncertainty that they
face, and how this in turn affects the formation of prices.

The decision whether to acquire information is an ex ante decision where
the firm must decide whether it will incur a fixed real cost c of acquiring
information on the state of the market4 or whether it will stay uninformed.
Relevant for the information acquisition decision is thus the expected profit
when informed and uninformed. Further we assume that price-setting
occurs after the fraction of informed firms h has become common
knowledge.

Using the first order condition in (5) - which must hold for all values of h
- in the expected profit expression (4), the equilibrium expected profits of a
firm who has acquired information can be written as

(17)

If the firms decides not to acquire information, expected profits are

(18)

where the dependence of expected profits on the share of informed firms has
been made explicit to stress the interrelationship between firms.

Clearly, information is acquired if, for a given fraction h, the net gain
from becoming informed outweighs costs, i.e.
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En,(h)-c>Env{h)
or if

where
En,(h)
Env(h)

measures the ratio of expected profit of informed firms to that of unin-
formed firms. In appendix 2 it is shown that

We further show in appendix 2 that

and

implying that information is valuable to the firm no matter whether all
other firms are informed or uninformed. The question is whether infor-
mation is sufficiently valuable to justify costly acquisition of information.

Define the critical cost level which just makes information acquisition
worthwhile as

c(A)E£fl,(A)[r(A)-l]. (19)
Clearly, if c<c(h)9 there is an incentive for uninformed firms to acquire
information while if c > c(h) there is no such incentive.

Our interest here is to consider Nash equilibria to the information game.
Since we consider only symmetric equilibria in pure strategies, we consider
the conditions under which no information acquisition (h* = 0) is a Nash
equilibrium as well as whether information acquisition by all firms (h* = 1)
is a Nash equilibrium.

No information acquisition h* = 0 is a Nash equilibrium if c > c(0), while
information acquisition is a Nash equilibrium if c<c{\).

The existence of equilibrium is made non-trivial by the fact that

Due to interdependencies in information acquisition, the sign of
c(0) —c(l) is in general ambiguous. Thus we have to consider both
c(0) < c(l) and c(0) > c(l). It is easily verified that c(l) < c(0) for a close to
unity, while c(l) > c(0) is possible for y close to unity, as can be seen from
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c(0)-c(\)=(r(0)-\)Enu(0)-(r(\)-i)Enu(\)
because for y -> 1, lnr(l) -+0, and hence the second term drops out.

CaseI:c(0)<c(l)
Consider first the case where c(0) < c(\). For sufficiently small information
costs, c < c (0) we find that there exists an equilibrium where information is
acquired by all firms, i.e. A*= 1. For sufficiently large information costs
c>£(0), no information is acquired by any firm, i.e. h* = 0. For the
intermediary case where c(0)<c<c(l), we have that both information
acquisition by all firms, i.e. h* = 1 is an equilibrium, as well as the case where
none of the firms acquires information, i.e. h* = 0. That is, we have two
equilibria to the information acquisition game.

Casell: c(0)>c(l)
Consider next the case where c(0) > c(l). For sufficiently small information
costs, c < c(1), we find that there exists an equilibrium where information is
acquired by all firms, i.e. h*=\. For sufficiently large information costs
c>c(l), no information is acquired by any firm, i.e. A* = 0. For the
intermediary case where c(l)<c<c(0), we have that neither having all
firms acquiring information nor having no one acquiring information is an
equilibrium. That is, we have no symmetric equilibrium to the information
acquisition game.5

To understand the intuition underlying these results, it is useful to note
that the following externalities are present in information acquisition.6 The
larger the fraction of informed firms /z, the more the aggregate price level
adjusts to changes in the money stock and hence an increase in the fraction
of informed firms has a positive externality to uninformed firms by
stabilizing real balances (M/P). More variability in the aggregate price level
following from a larger fraction of firms being informed also means that the
relative price for uninformed firms becomes more variable (PJP), i.e. a
negative externality. In case I the negative externality is dominating - if all
others are acquiring information, each single firm is also more inclined to
do so (c(l)> £(0)), while in case II the positive externality is dominating - if
all others are acquiring information, the individual incentive to do so is less

The non-existence result in case II is related to the so-called information
paradox of Grossman and Stiglitz (1976, 1980). If no firm is acquiring
information, it is worthwhile for each single firm to incur the information
costs. However, if all firms are acquiring information, it is not optimal for
any single firm to acquire information. The fact that all others have
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acquired information therefore has a negative externality on the incentive
of a firm to acquire information.

Important differences between Grossman and Stiglitz (1976, 1980) and
the present analysis should be noted. In the former agents can infer
information instantaneously from the prices called by the auctioneer and
modify their plans accordingly, while this is not possible here since prices
are preset by firms. Prices therefore serve no signalling role, but infor-
mation is useful in predicting both the state of nature and the behaviour
(prices) of other firms. In the Grossman and Stiglitz framework, obser-
vation of market prices is a substitute for information acquisition, and this
creates a free rider problem in information acquisition which may lead to
non-existence of equilibrium. A free rider problem is also present here but
arises via the stabilizing role price adjustment has for aggregate demand -
the more firms acquiring information the more stable is aggregate demand,
and this has a positive externality for other firms. The positive externality
need not be dominating, as revealed by case I, driven by the negative
externality.

The preceding argument has considered the implications of variations in
information costs. Precisely the same argument could be followed by
assuming an invariable cost c, and then considering how the incentives to
acquire information depend on the variability (a2) of the nominal state
variable. It is easily seen that this case will yield the same qualitative
implications.

Concluding remarks

The importance of information for price-setting and thus for the incentive
to acquire information has been considered in the case where firms make
the information acquisition decision before knowing the price set by other
firms. This precludes that firms may infer information from the prices set by
competing firms, and the public value of information is therefore not at the
centre of the present discussion. Crucial here is the interrelationship
between price decisions of firms. There is a strategic complementarity in
price-setting since the price decision of a single firm is increasing in the
prices set by other firms as captured by the aggregate price level. Infor-
mation is thus of relevance not only for predicting the state variables but
also for inferring the decisions taken by competing firms.

This interrelationship turns out to have important implications for the
incentive to acquire information. It is especially interesting to note that
there may be multiple equilibria or non-existence in the information
acquisition game, depending on whether negative or positive externalities
in information acquisition are dominating.
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The multiplicity of equilibria found here in the presence of information
costs resembles the multiplicity arising in menu cost models (Ball and
Romer, 1991). There are two important differences. First the condition
determining whether prices are adjusted in menu cost models is state-
dependent; that is, whether it is optimal to incur the menu costs depends on
the actual change in market conditions. In the case of information
acquisition, the change in market conditions is obviously not known. The
value of information is determined by the variability of market conditions.
Secondly, we found that despite strategic complementarity in price-setting,
there could be a strategic substitutability in information acquisition
precluding the existence of a symmetric equilibrium in pure strategies.

We have not commented on the welfare consequences of nominal
rigidities. Using the reasoning of Mankiw (1985) and Benassy (1987), it can
be concluded that expansionary shocks in combination with nominal
rigidities are potentially welfare improving by expanding activity, the
reason being that nominal rigidities in combination with positive nominal
shocks mitigate the consequences of imperfections in the product market.
Conversely for negative shocks. Hence, 'small' information costs may have
large' consequences for welfare.

Adopting a sequential decision structure implies that firms may infer
information from the prices set by competing firms. This raises new issues in
relation to the use of and incentive to acquire information, as firms may try
to affect the information competitors extract from prices (see Andersen and
Hviid, 1993, 1994).

Appendix 1

To derive (7), use (6) on (5) to get

,,= (* + I-.)"' [in ( ^ ) + i [(, +IJ- ,] var(.nM|/;)

+ j (a-2)\ cov(lnM,lni»|/,)
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Note that only kOj depends on the parameter h. For completeness we write
down the equilibrium values of Ao/ and kw. Using from (10) and (11) that
given the information of the informed, Mis not a random variable, we find

+

Appendix 2

Expected profits can be written

implying that

inEIIj = In (l - - (a - 1) j + (a - 2)p0 + (1 - <x)E(\nPj)

+ (1 - <x)(l + pl (a - 2))cov(lnM, inPj)

where it has been used that \nP = po + pxlnM.
The value of information can now be expressed as

X- (1 -a)2var(lnP7)

+ (1 - a)(l + px (a - 2))cov(lnM, lnP7).

Using that

lnP7=
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and

/ i 2 +/ i 1 p 1 =p 1 / r 1 =p3

we get

lnT(A) = (a - l ) (A 0 £ / -A 0 / )
7 (Al)
2

Next we consider the signs of T(0) and T(l). Using that p3 = 1 — kx = A2 for
/z = 0 in (Al), we have

Hence,

a
-,o2

lnr(0) = ^ ( a - 1) 7
 X 2>0. (A2)

Using that pj = 1 and p3 = 1 for /z = 1, it follows from (Al) that

2>0. (A3)

Comparing (A2) and (A3), we note that for y close to unity, lnr(0) > lnr(l).
Further the limit of lnr(h) as y approaches unity is zero for h= 1, and
positive for h = 0.

Notes

This chapter was initiated during the University of Warwick Macroeconomics
Workshop (July 1993). An earlier version was presented at CentER, Tilburg and the
conference 'Alternative Approaches to Macroeconomics' Madrid. Comments by
Neil Rankin, Franck Portier, Christian Schultz and Jean-Pascal Benassy are
gratefully acknowledged.
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1. See Andersen and Hviid (1993,1994) for an analysis of these issues in the context
of duopoly markets with sequential price-setting.

2. See Dixit and Stiglitz (1977) and Blanchard and Kiyotaki (1989) for a derivation
from a CES utility function.

3. This assumption may be justified by thinking of this as a repeated event where
firms from past observations can infer the fraction of informed firms, or that the
agency selling information uses h in its marketing strategy.

4. The cost could be interpreted as the subscription fee for obtaining a forecast from
an agency selling business cycle information.

5. It is easily verified that there exists an asymmetric equilibrium with a fraction of
firms acquiring information. However, this equilibrium is unstable.

6. We have that d2n/d(PJP)2<0 from the second order condition assumed to be
fulfilled, and it is easily verified that d2n/d(M/P)2<Q. Hence, the firm dislikes
variation in both its relative price and real demands.



15 Expectation calculation,
hyperinflation and currency collapse

George W. Evans and Garey Ramey

Introduction

Economists widely agree that inflation expectations play a crucial role in
hyperinflationary episodes. There is little agreement, however, on how
these expectations are formed, and two competing approaches to the
question of expectation formation have emerged. On one hand, the rational
expectations approach posits that agents base their expectations on full
knowledge of the structure and equilibrium of the economy. On the other,
the passive adaptive learning approach endows agents with simple learning
rules that map past inflation observations to future forecasts, with the form
of the mapping incorporating little direct information about the structure
of the economy.

Each of these approaches faces difficulties from both conceptual and
empirical standpoints. The rational expectations approach (for example,
Sargent and Wallace, 1987) gives no account of how agents come to acquire
rational expectations, and in particular there is no specification of what
agents would believe were they to observe a history that violated rational
expectations. For models with multiple rational expectations solutions, the
approach faces the problem of selecting among the (possibly infinite) set of
equilibrium paths. Empirically, it is difficult to reconcile rational expec-
tations paths in the paradigm hyperinflation model with the historical
record, which shows hyperinflations to have involved increasing and
accelerating inflation rates, terminating in major fiscal restructurings or
'currency collapse'.1 Finally, there are problems in reconciling the rational
expectations approach with experimental results. For example, rational
expectations predicts that an announced policy change should initiate a
reaction at the time of announcement, but laboratory tests of hyperinfla-
tion models, reported in Marimon and Sunder (1988, 1991), have found
that significant reactions occurred only in the periods immediately preced-
ing changes.

Passive adaptive learning rules, in contrast, posit extremely limited
analytic capabilities on the part of agents, far below what one might
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reasonably expect of real world agents. The least squares learning algor-
ithm studied by Marcet and Sargent (1989), for example, requires agents to
form forecasts based on economic models that are misspecified (except
asymptotically), and agents are not allowed to respecify their models even
in response to known structural changes, such as announced fiscal policy
adjustments. Experimental subjects in the Marimon-Sunder laboratory
tests reacted more rapidly to structural changes than would be consistent
with least squares learning.2 Moreover, least squares learning algorithms
and other simple adaptive schemes such as in Bruno (1989) must converge
to stationary rational expectations equilibria (REE), but some of Marimon
and Sunder's experimental economies were found to settle at outcomes that
were not near any such equilibria.

In this chapter we develop a new approach to modelling expectation
formation in hyperinflationary settings that provides a resolution to these
difficulties. Our approach, introduced in Evans and Ramey (1992a), posits
that a complete specification of the economic environment must include an
expectation formation technology together with preferences over forecast
errors. Like the rational expectations approach, we endow our agents with
correct structural models of the economy, and in particular the models are
adjusted to incorporate structural changes as they occur. In contrast to
rational expectations, however, agents do not know in advance the
equilibrium path of inflation, but rather must use their models to calculate
inflation forecasts.

We assume that agents calculate expectations by means of an iterative
algorithm that derives from their knowledge of the economic structure. The
algorithm is specified as part of the expectation formation technology.
Agents also have bounded abilities to calculate, in that using the calculation
algorithm imposes time and resource costs. We propose an optimality
criterion that governs agents' expectation revision decisions: agents balance
the costs of calculation against the benefits of improved forecasts, subject to
the calculation decisions made by other agents and the informational
restrictions of the algorithm. Agents make optimal calculation decisions in
each period, and this gives rise to the equilibrium paths of our model. In this
way, inflation dynamics emerge from the agents' capabilities and incentives
to calculate expectations.

Our approach yields an empirically appealing theory of hyperinflation-
ary episodes. In the case of low deficit levels, convergence toward steady-
state inflation rates can be quite rapid compared, for example, to least
squares learning. Equilibrium paths characterized by accelerating inflation
and terminating in currency collapse arise naturally in our framework,
when initial inflation expectations or the deficit level are sufficiently high.
Such paths give equilibria even in the high deficit case where no stationary
REE exist; here the rapid acceleration of inflation gives agents a very strong
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incentive to calculate, and this provides impetus for continued acceleration.
These equilibrium paths do not unravel from the end, as they would under
rational expectations, because agents do not respond to the possibility of
currency collapse until the hyperinflationary episode has advanced far
enough to allow them to calculate it.

A change in economic structure leads to rapid adjustment in equilibrium
expectations beginning in the period immediately prior to the change, since
at this point agents incorporate the change into their calculation models.
The anticipation of a change occurring more than one period in the future
will not affect agents' behaviour, however, because of calculation costs
together with the limited forecast horizon of the calculation algorithm. This
provides an explanation for the experimental findings discussed above.

When resource costs of calculation are non-negligible, our equilibrium
paths can settle at 'near-rational' steady-states at which the gains from
expectation revision, in the form of reduced forecast errors, are small
relative to the costs. These near-rational steady-states need not lie near any
stationary REE, although they do lie at points where realized inflation is
closest to forecast levels. Interestingly, this is precisely where Marimon and
Sunder's experimental economies settled in the cases where no stationary
REE existed; such outcomes could not occur under either rational expec-
tations or least squares learning, but they are entirely consistent with our
theory.

This chapter significantly extends the applicability of the framework
developed in our earlier study. We previously analysed a 'natural rate'
model of monetary policy possessing a number of simplifying features: (1)
the model had a linear structure; (2) agents formed expectations of only
current variables; and (3) the model had unique REE. Further, we imposed
the restriction that in each period agents should choose from among only
two possible calculation decisions. Here we consider a deficit finance model
in which money demand is a non-linear function of expected inflation,
inflation expectations incorporate current and future price levels, and there
are multiple REE. We also allow for an arbitrarily large finite number of
possible calculation decisions.

The deficit finance model is presented in the second section. The third
section lays out the structure of the calculation model. An optimality
criterion for calculation decisions is developed in the fourth section. The
fifth section gives examples and discusses implications for policy, while the
sixth section concludes.

Hyperinflation model

We adopt a simple version of the hyperinflation model studied by Cagan
(1956), Fischer (1984, 1987), Sargent and Wallace (1987), Bruno (1989),
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Marcet and Sargent (1989), Bental and Eckstein (1990), and others. In this
model, the government's ability to finance deficits through seigniorage
depends on the willingness of private citizens to hold money balances.

Let Ht denote the stock of high powered money in period /, and Pt the
price of consumption goods in terms of money. Let Dt be the real
government budget deficit in period t, to be financed through seigniorage.
The government budget constraint is given by:

We assume that money is demanded by a continuum of asset-holding
agents, having unit mass. Agent co's demand for real balances in period t is:

where Ht(co) is demand for nominal balances, 7r,+ 1(c0) gives the expected
rate of inflation between period t and period t + 1, i.e. the agent's forecast of
Pt+ JPt, and ^Tand a are positive parameters. For simplicity we will assume
that agents have homogeneous expectations, so that total demand for real
balances is:

— -Knt+l. (2)
* t

Thus agents will be more willing to hold money if they expect a lower
one-period ahead inflation rate.

Let the realized inflation rate be denoted by %t = Pt\Pt_x? For low levels
of Dt, (1) and (2) may be solved for the inflation rate that equates supply and
demand for money:

Kn7a _ , . . .
nt+l

The function T, which gives realized inflation conditional on inflation
expectations and the deficit level, is called the T-mapping; note that we have
suppressed Dt in the definition of T.

When Dt or nt+l is too large, the supply of real balances in period /
exceeds demand at every inflation rate, and the government defaults on its
current obligations; this situation is called currency collapse. Currency
collapse occurs in period t if and only if:
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We assume that Pt becomes infinite in this case, and any balances that are
held in this period have zero value in all future periods; thus our model ends
following the occurrence of collapse.4 When nt+l>nt+l, the T-mapping sets
realized period-? inflation at infinity. Thus (3) gives realized inflation when
7r,+ 1 <nt + l 9 while realized inflation is infinite for nt+l>nt+l.

A rational expectations equilibrium (REE) is given by a path n{, n2,... of
realized inflation rates such that agents base their expectations on full
knowledge of the equilibrium path, i.e. itt = nt for all t. Thus REE paths are
generated by the difference equation:

n=T(n0nt+x). (4)

Combining this with an arbitrary initial rate n{ gives a continuum of REE.
We can also define a 'collapse' REE by specifying that money has no value
in any period.

REE dynamics are illustrated in figure 15.1, where we put Dt = D and
nt + j = n for all /. The curves in the diagrams depict solutions to (4). Figure
15.1a represents the low deficit case in which D satisfies:

D aa D

Inflation trajectories are shown along the nt axis. Here the inflation rates nL
and UJJ give steady-state REE, and only the high steady-state nu is stable
under the REE dynamics. Note that currency collapse at a future date can
never arise as the outcome of an REE path. This follows from a backward
unravelling argument: if collapse occurs in period t, then the T-mapping
gives nt= oo, and so collapse occurs in t —  1, etc. Figure 15.1b depicts the
high deficit case of D > D, in which no inflationary steady-state exists. In this
case all REE paths (other than currency collapse in the initial period)
involve hyperdeflation, with real balances becoming infinitely large along
the equilibrium path. In general, all of the REE (other than immediate
collapse) involve either decreasing inflation rates or increasing inflation
rates that decelerate to a limiting steady-state.5

Expectation calculation model

Calculation technology

The first ingredient in our expectation calculation framework is a techno-
logy that is used by the agents to calculate inflation expectations at any
given point in time. We will assume that, in each period, agents are endowed
with: (1) an information set formed from the past history of the economy,
which includes an agent's own past calculations along with other variables;
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(a)

(b)

Figure 15.1 REE dynamics
(a) Low-Z) case (b) Uigh-D case

(2) a true model of the economy, which expresses the realized inflation path
conditional on the actual path of deficit levels together with any given path
of expected inflation, i.e. the T-mapping; and (3) a calculation algorithm
that combines history with the T-mapping to produce a calculation of the
inflation rate for the following period, on which desired money holdings
can be based. These three components together make up the calculation
technology.
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We will consider a class of calculation algorithms that are built on
iteration of the T-mapping. The basic idea is that an agent forms a
hypothesis as to the path of future inflation rates, and he checks this
hypothesis against the prediction of his economic model to see if it is
consistent. If the hypothesis is inconsistent with the model, then he revises
the hypothesis in the direction indicated by the model. In the next iteration
the revised hypothesis is checked, etc. Thus the agent calculates expec-
tations by revising his inflation hypothesis according to the predictions of a
true model of the economy.

In this chapter we will focus on algorithms in which the true model is used
to calculate one-period ahead inflation expectations, i.e. use of the T-
mapping is restricted to a one-period forecast horizon. Revisions of
expectations beyond the one-period horizon, which do not directly enter
the money demand function, will be tied to the one-period ahead calcula-
tions in a manner to be specified below. Let the inputs and outputs of the
algorithm be parameterized by /? and y, where:

Thus /?, called the base rate, parameterizes an agent's expectation of the
period t+ 1 inflation rate, and y, called the growth coefficient, gives the
proportional change in the inflation rate that the agent expects between
periods t+ 1 and t + 2. We require p and y to be strictly positive.

Calculation in a given period proceeds as follows. From the observed
past history, an agent forms initial inputs P°,y°. The agent then calculates
the inflation rate that would actually be realized if expectations were
formed according to /J° and y°:

If pl > p°, the agent takes his initial estimate of the base rate to be too low,
and he revises it upward, while pl<P° leads to downward revision. In
particular, we suppose that the base rate is revised to pl. If pl = p°, then the
agent's inputs are consistent with the economic model, and no revisions are
needed.

The growth coefficient y is revised as well, according to the following
general specification:

where we assume ^(0|/?0,y°) = 0. Observe that the calculated value of
one-period ahead expectations enters into the revision of two-period ahead
expectations; in particular, if pl = fi°, so that jS° is consistent with the
T-mapping, then y° is not revised.

A second round of calculation takes inputs P\yl to produce outputs
P2,y2 in an analogous manner, etc. In general, k iterations of the algorithm
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produce outputs fik, yk that are determined recursively from /?°, y° according
to:

yk=yk-l + Hxk\Pk-\yk-x) (5b)

where xk=T(pk-\yk~lpk~1)-pk~\ (5a) and (5b) are valid as long as
flk~l<nt+l, so that collapse would not occur in the current period. If
pk~l>nt+l, then on the kth iteration the agent calculates that collapse
occurs in the current period, in which case he ceases calculation and his
desired money holdings are zero. Note that yk~l^k~l>7tt+2 implies that
f}k = oo is calculated in the next iteration, and again desired money holdings
are zero.

The following specialization of \\i illustrates the behaviour of our
calculation algorithm:

Wx\P,y)=y- (6)

where X e [0,l].6 Note that in this example, \jj has the same sign as x, which
implies the algorithm revises y in the same direction as /?; we refer to this as
the acceleration property, since the path of expectations is accelerated in the
direction of the base rate revision.

Figure 15.2 illustrates trajectories of the calculation algorithm for this
example.7Figure 15.2a depicts a low deficit case, while Figure 15.2b
considers a high deficit case. The curves y s, defined by /? = T(fi9 y 5(j8)jS), give
the fixed points of the calculation algorithm. These in turn correspond to
the first two values of inflation (nt+l,nt+2) along some REE path; thus the
fixed points of the algorithm give expectations that are fully rational
relative to the forecast horizon of the algorithm.8 It is easily verified that
T(j8, yP) is strictly increasing in both /? and y. Thus for points (/?, y) above ys

we have /? < r(j8, y/?), and the algorithm adjusts /? and y upward, as
indicated. Points below the curve have /?> jH(/?,y/?), and downward adjust-
ments are made. Further, {fik,yk) must lie on the same side of the curve as
does (pk~\yk~l), i.e. outputs cannot cross over the curve. It follows that all
trajectories of the algorithm in this example are monotonic. The paths AB
and CD give trajectories that converge to points on the ys curve.

Figure 15.2 also shows regions labelled 'collapse.' If on the kth iteration
we have Pk>ftt+X, then the implied inflation expectation itt+x = pk implies
currency collapse in period t. If the agent iterates one more time from this
point, then the algorithm reveals that collapse obtains. Similarly, if
Pkyk>nt+2, then another iteration indicates that collapse will occur in the
next period. Thus the collapse region gives the set of inputs such that one
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Collapse

Figure 15.2 Examples of calculation trajectories
(2L)Dt<D(b)Dt>D

more calculation indicates collapse in the current or subsequent period. The
paths EF depict trajectories that terminate in collapse.

Our algorithm has the important limitation that it effectively looks ahead
only one period, taking as inputs one- and two-period ahead inflation
forecasts. The algorithm could be modified by extending the forecast
horizon to H> 1 periods: the T-mapping for periods t + 1,..., t + H would
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be used to calculate revised values of nt+l9...9nt+H9 based on inputs
TT/+ 1?..., nt+H, nt+H+1', some function other than the T-mapping (the analo-
gue of if/) would be needed to close the algorithm by computing a revised
value ofnt+H+l. While the extended algorithm would have the advantage of
incorporating information about more distant future structural changes, it
would also impose added calculation costs, since more computations would
be required to obtain each revision of the desired one-period ahead
forecast. A balance must thus be struck between the forecast horizon and
the computational requirements of the algorithm; in this chapter we take
the approach of setting H= 1 and allowing multiple iterations of the
algorithm within a given period.9

Default paths, calculation decision rules and calculation paths

Thus far we have specified agents' expectations given that they begin a
period with initial inputs P°,y° and perform k iterations of the algorithm.
To complete the specification, we must indicate (1) how initial inputs are
determined from the information that agents possess at the start of a
period; and (2) how agents determine the number of iterations to perform.
While it is possible in principle that initial inputs might depend on any of the
variables in agents' information sets, we make the simplifying assumption
that initial inputs depend only on the final outputs that were calculated in
the preceding period.10 Let (PfLl,yfLl) denote the outputs from the final
iteration of the calculation algorithm in period t—l, and let 08,°,y,°) denote
the initial inputs used in period t. Initial inputs are generated from outputs
according to the following input functions:

A°=y,c-i/£i (7a)

V? = <p(P?-i,yf-i). (7b)

The specification (7a) reflects intertemporal consistency of inflation expec-
tations: yfilpfLl denotes the final period t—  1 forecast of nt+l, and it is
reasonable to suppose that this gives the initial forecast of nt+l in period t.
(7b) gives a general specification that is used to generate the initial
conjecture of 7c/+2.n

The input functions with which agents are endowed play a fundamental
role in our calculation framework, as they determine an agent's hypothesis
at any point in time about the future path of inflation. To see this, note that
for each pair of period 1 initial inputs, (7) may be used to define recursively a
path of P and y through time. This path gives the expectations that an agent
would hold if zero iterations of the calculation algorithm were performed in
each period; we call this the default path. The default path thus fixes the
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ae (0,1) Large

ae (0,1) Small

Tune

Figure 15.3 Default paths for yo> 1

hypothesis about future inflation dynamics that agents hold prior to
making calculations.

Possibilities for default paths are illustrated by the following example:

(y c i ) = oy,-i +(i - « ) (8)
where a>0. Here the default path is determined by Pt = yt_iPt_l and
yt = cnyt_x + (\ — a) forgiven (P0,y0). Figure 15.3 illustrates possible default
paths for yt_ x > 1, under various values of a. When a = 0, the agent believes,
in the absence of further calculation, that the future path of inflation will be
a steady-state. If a = 1, in contrast, then the last calculated growth
coefficient is projected into the infinite future, and prices are conjectured to
accelerate upward without limit. For ae(0,l), price acceleration is conjec-
tured to decrease over time, and the default path converges to a finite limit if
a or y0 is not too large. Note that default paths are certain to terminate in
collapse if a is sufficiently close to unity. More generally, a wide range of
hypotheses about inflation dynamics may be admitted through appropriate
choices of cp.

Our model of expectation formation may now be described as an
interaction between the calculation algorithm and the default paths. In any
given period, the calculation algorithm operates on the current default path
by checking it against the T-mapping and revising P and y accordingly; this
revision generates another default path that serves as the revised hypothe-
sis. For example, the default path may indicate that inflation will rise for a
time, then settle at a steady-state. If the calculation algorithm revises P and y
upward, then the revised default path may have inflation rising at a faster
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rate in the short run, and then settling at a higher steady-state. The agent
may continue to revise his hypothesis by performing further iterations, and
the total number of iterations he performs indicates how intensely he
labours to form expectations.

As the final ingredient of our calculation framework, we must specify
how many iterations of the algorithm an agent performs as a function of his
information at the start of a period. We will assume that the number of
iterations is determined by the initial inputs for a period, according to the
function &c(/?°, y°) that maps initial inputs into the integers 0,1,...,«; kc is
called the calculation decision rule (CDR).12 The CDR represents the
decision theoretic component of our framework, and it is possible to choose
it from among a wide range of possibilities. For example, a CDR might be
chosen to satisfy some notion of individual optimality, or a simple rule of
thumb might be specified. In the next section we will investigate one
possible choice for the CDR.

The model is completely determined once a CDR is specified, and we may
define solution paths as follows. The sequence {($f,yf)}?=\ is a calculation
path (CP), relative to initial inputs (/??,y?), if for all /: (1) (Pf,yf) is
determined by performing kc(P®,y®) iterations from the initial inputs
(Pn 7/° )> a n d (2) (Pn 7/°) is formed from (f}f_ Uyf-X) using the input functions
(7). The realized inflation path associated with a CP is determined by

Optimal calculation decision rules

Optimality criterion

We have defined solutions to the model relative to a given specification of
the CDR, and further analysis now hinges on how the CDR is specified. It
seems plausible to suppose that the CDR would incorporate some balanc-
ing by the agents of the costs and benefits of calculation. Agents' introspec-
tive evaluation of their calculation problems may lead them to compare
costs and benefits; for example, agents might possess higher order calcula-
tion technologies that allow them to compute a CDR that minimizes
forecast errors net of calculation costs. Alternatively, agents may be led to
an optimal CDR through some adaptive process. We will not investigate
any particular selection process in this chapter, however; instead we will
consider a simple optimality criterion that may be interpreted as the
limiting outcome of some unspecified selection process.

Our optimality criterion begins with a specification of the costs and
benefits of calculation. In the hyperinflation model that we are considering,
the benefits of calculation are associated with reductions in the losses from



Expectation calculation, hyperinflation and currency collapse 319

forecast errors. The following loss function expresses the losses from
forecast errors made in period t, where errors are reflected by the distance
between actual and desired real balances:

-A-nt-A\y (9)
Here nt+x is the agent's inflation expectation determined by the final
iteration of the algorithm in period t. We assume that h satisfies /*(()) = 0,
/*'>() and/*">().

Calculation is assumed to be costly in terms of both time and resources.
The time cost of calculation is reflected by the assumption that no more
than n calculations may be made in any period. Further, the resource cost of
making k < n calculations, expressed in the same units as the loss function /z,
is given by ck. We assume that c0 = 0 and ck > ck_ { for k <n.

A CDR is optimal from an agent's point of view if it minimizes the losses
from forecast errors net of calculation costs, given the calculation decisions
made by other agents. For simplicity, we will assume that agents are
concerned only with current period net losses, i.e. future losses are fully
discounted.13 Further, we assume that agents take account only of the
current period calculations of other agents, and not the calculations that
other agents make in future periods. The latter restriction is needed to
preserve consistency with agents' cognitive limitations as expressed by the
calculation algorithm: in period t, the algorithm incorporates the T-
mapping for period t + 1 only, but future calculations depend on the T-
mapping for periods t + 2 and beyond. Thus any procedure that agents
might use in period t to check the future calculations would have to employ
structural information that is unavailable according to the original
algorithm.

With these restrictions, our optimality criterion takes the following form.
Let nt+ j be calculated from the initial inputs j8,°, y,° for each possible number
of iterations k = 0,1,...,«. The net loss associated with k iterations is given
by (9) minus ck, where nt+ {in (9) is replaced by T(Jtf,yffif) (recall that /?,c
and yf are the final period t outputs along the CP). Thus the calculated
inflation rates are compared to the inflation rate that would be realized
given the inflation expectations iit+ {= j3,c and nt+2 = yffif that other agents
hold in period t\ this constitutes the best forecast of nt+ {that can be formed
based on other agents' period t calculations. According to this criterion, the
best forecast would be obtained by performing one more iteration than do
the other agents, i.e. by staying 'one step ahead of the pack'. Expectation
formation can be interpreted as a 'calculation race', in which agents strive
to get ahead of their rivals, but are unable to do so since agents calculate
simultaneously and have equal calculation abilities. An optimal CDR
chooses kc to be a Nash equilibrium of this calculation race.
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More formally, our optimality criterion is expressed as follows. We
suppress the time subscripts, since the criterion depends only on the initial
inputs and not on the particular period. Let the best response function
kM(k) be defined by:

kcis said to be optimalifkc(P°,y0)ekM(kc(p°y)) for all j?°,y°. Existence
of an optimal CDR is considered in Proposition 1, whose proof is given in
the appendix:

Proposition 1: If x\l/(x\/3,y)>0 for all x,/?,y, then there exists an
optimal CDR.

Proposition 1 establishes existence of optimal CDRs under the assump-
tion that y is never revised in the opposite direction as /}, which constitutes a
weak version of the acceleration property discussed on p. 314. This assump-
tion assures that calculation trajectories possess monotonicity of the form
exhibited in figure 15.2, and monotonicity is needed in turn to establish
existence of fixed points of kM.

Optimal CDRs for a particular specialization of the model are depicted
in figure 15.4.14 The maximum number of iterations per period in this
example is « = 3, and the cost per calculation is constant at c k —  ck_x = 1.
Figure 15.4a gives the CDR that minimizes the number of iterations among
all optimal CDRs, while Figure 15.4b gives the CDR that maximizes the
number of iterations; the structure that underlies the two figures is identical.
This illustrates the scope for multiplicity of optimal CDRs, which emerges
as a consequence of the strategic complementarities that are inherent in the
calculation race. Note that for sufficiently high /?° and y°, the agents
calculate nt+l>nt+l, and collapse then occurs in period t.

As mentioned above, our notion of optimal CDRs sidesteps the issue of
how agents actually determine the optimal CDR, and instead moves
directly to a limiting selection. In essence, we have replaced the initial
rational expectations hypothesis with a rationality hypothesis that is
imposed after one level of calculation. While this procedure does not create
any difficulties from the purely logical standpoint, as argued by Lipman
(1991), it does involve a certain philosophical inconsistency. We respond to
the latter criticism in two ways. First, our optimal CDR is meant to capture
the intuitive and empirically meaningful notion that agents balance costs
and benefits in making their calculation decisions. The reasonableness of
our specification relative to the alternative hypotheses of rational expec-
tations and passive adaptation becomes a testable issue, and we argue
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(a) 1
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(b)
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1
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Figure 15.4 Optimal CDRs
(a) Minimum calculation (b) Maximum calculation

below that our theory receives strong empirical support.15 Second, the
optimal CDR may be regarded as a tractable first step in the modelling of
calculation behaviour, and the more complex problem of explicitly model-
ling the CDR selection process is appropriately left for future work.16
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Behaviour of calculation paths under optimal calculation decision rules

In this subsection we consider the long-run behaviour of CPs that are
generated by optimal CDRs. The main result is that under mild restrictions
on the calculation algorithm and input functions, when calculation costs
are small CPs can settle only at points that are either close to steady-state
REE or are in the collapse region. We also consider the stability of the high
inflation and low inflation steady-state REE. Readers may ignore this
subsection without loss of continuity.

Some new terminology is needed to describe the asymptotic behaviour of
CPs. Suppose Dt = D and ftt+x —  ft for all t. For a given neighbourhood TV of
the (/?, y) plane, we say that a CP terminates in TV if there exists a time Tsuch
that (Jif, yf) e TV for all t>T.A point (p, y) with P < ft is a terminal point if for
any neighbourhood TV containing (/?, y), there exists a CP that terminates in
TV. The collapse outcome is said to be a terminal point if there exists a CP
that terminates in collapse. Thus terminal points give the outcomes at
which CPs can settle.

Proposition 2 provides a characterization of the set of terminal points,
under weak restrictions on the input function cp. The proofs of this and the
following propositions are given in Evans and Ramey (1992b).

Proposition 2: Let \jj and cp be C1 functions, and suppose:
(a) x\l/(x\P,y)>OforaHx,P,y;
(b) (p(PA)=l for all P;
(c) 0<<p2(jS,y)<lforallj3,y.17

Then for c{<h(D), the set of terminal points is characterized as follows.
(I) If D< Z), then the terminal points are the collapse outcome together

with:

where NL and Nv are closed subintervals of (0, ft), possibly overlap-
ping, with 7iLeint{7VL}, Ti^eintlA^}. The intervals become strictly
smaller as cx declines, and:

lim NL = {nL}, lim N^in^.

(II) If D > D, then the terminal points are the collapse outcome together
with:

where for cx sufficiently close to h(D), NM is a closed subinterval of
(0,7f). NM becomes strictly smaller as cx declines. If Z> = Z>, then NM
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Figure 15.5 Set of terminal points
(a)D<D(b)D>D

shrinks to a single point as cx approaches zero, while for D>D, NM is
empty for cx sufficiently small.18

The set of terminal points characterized by Proposition 2 is illustrated in
figure 15.5. Observe that given our conditions on cp, all non-collapse ter-
minal points must have y = 1; in particular, condition (b) ensures that if
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agents believed they were in a steady-state in the preceding period, then the
default path continues to reflect this belief in the current period. It follows
that agents must recognize that they are in a steady-state if the economy
comes to rest at some point. CPs can settle only at points that are approx-
imately REE when the cost of a single calculation is low, and the set of ter-
minal points shrinks to the steady-state REE as this cost approaches zero.

For larger calculation costs, in contrast, there exist terminal points that
are not near any steady-state REE. In particular, non-collapse terminal
points exist in the high deficit case, despite the fact that there are no non-
collapse steady-state REE. At terminal points of the latter form, flf may be
close to nt+l, so that forecast errors are small. Thus non-existence of
non-collapse steady-state REE does not rule out the possibility of 'near-
rational' steady-states associated with non-negligible calculation costs.

The condition cp2 < 1 ensures that in projecting the future path of
inflation, agents reduce at least slightly the degree of price acceleration
implied by the previously calculated y. As example (8) illustrates, this is
needed to ensure that agents are allowed to entertain conjectures of
convergent inflation paths when y i=-1. It is interesting to note that the
condition eliminates 'hyperdeflationary' paths in which flf converges to
zero; essentially, the existence of such paths requires that the default paths
reflect an extremely large degree of downward price acceleration.19

We turn now to the issue of the stability of terminal points, and in
particular we are interested in the question of which terminal points are
robust to low calculation costs. Two related concepts of stability will be
considered. The first concept is motivated by the standard notion of local
stability: (/?, y) with /? < ft is said to be C-stable if, for any neighbourhood M
containing (/?,y), there exists a neighbourhood NaM such that the
following is true: for any specification of calculation costs, and for any
(Pi,y?) eN, there exists a CP that terminates in M. Thus initial inputs that
are close to (/?,y) can give rise to CPs that remain close to (j3,y).

Our second concept is motivated by the usual notion of asymptotic
stability: (/?,y) with /?<f is asymptotically C-stable if there exists M
containing (/?, y) with the following property: for all N containing (/?, y),
there exists c > 0 such that for any (/??, y?) e M, all ensuing CPs terminate in
TV if cx < c. This departs from C-stability by requiring that all CPs generated
by nearby initial inputs must become arbitrarily close to (/?,y) for suffi-
ciently small calculation costs. Asymptotic C-stability is not stronger than
C-stability, however, since the latter does not impose any restrictions on
calculation costs.

Using Proposition 2, it is clear that (7CL,1) and (rc^l) are the only
non-collapse points that can satisfy either definition under the given
conditions on cp. Proposition 3 further considers these two points.
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Proposition 3: Let \\J and cp be C1 functions that satisfy (a)-(c) of
Proposition 2, and suppose D<D.
(I) (TTL,1) is C-stable and asymptotically C-stable if the following ratio is

sufficiently small:20

(II) (nU9l) can be neither C-stable nor asymptotically C-stable.

Proposition 3 establishes that the high inflation steady-state REE fails to
be stable, in that there are arbitrarily close initial inputs giving rise to CPs
that lead away from the steady-state when calculation costs are low. The
low inflation steady-state REE satisfies the stability criteria when
^(OITT^I) , which measures the strength of the acceleration property near
(TTL,1), is small in the sense stated in Proposition 3. Essentially, the
algorithm must not accelerate y away from (nu\) faster than the default
paths pull y in.21

Finally, although we will not pursue the details, it is worth noting that the
collapse state is stable in a certain sense. Consider the subregion of the
collapse region on which y > 1. Initial points sufficiently close to this
subregion, with yo> 1, will generate CPs that remain close to the collapse
region, and terminate in collapse if cx is sufficiently small. On the other
hand, the subregion with y < 1 can be regarded as unstable; initial expec-
tations that lie close to the collapse region and below the ys curve do not
generate CPs that remain close to the collapse region.

Examples of calculation paths

In this section we will consider some examples of CPs that demonstrate how
our theory offers explanations for the empirical phenomena discussed in the
Introduction. The examples are calculated using the specifications of ^ and
cp given in (6) and (8).22 Costs per calculation are constant at ck — ck_l = c, up
to the per period limit of n. The examples consider various values of c and n.
Calculation decisions are determined by optimal CDRs, as defined in the
preceding section; in all cases we select the optimal CDRs that maximize the
number of iterations of the algorithm.

Permanent deficit increase: low deficit case

Suppose that the economy begins in a long-run steady state at D = 0, with
nt = nL= 1 for t< 1. At the beginning of period 1, the government
announces a permanent increase in the deficit to D = 1.768, which is to begin
at t= 3. This deficit level is associated with a new low inflation steady-state



326 George W. Evans and Garey Ramey

Table 15.1. Permanent deficit increase: data for low-deficit case
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1.013

4

0
1.868
1.676
1.014

5

0
2.059
2.066
1.012

5

1
2.009
2.116
1.003

5

0
1.867
1.699
1.007

6

0
2.059
2.091
1.006

6

1
2.031
2.066
0.999

6

0
1.867
1.711
1.003

7

0
2.008
2.104
1.003

7

0
2.031
2.063
0.999

7

0
1.867
1.717
1.002

8

1
2.029
2.059
0.999

8

0
2.031
2.062
1.000

8

0
1.867
1.720
1.001

9

0
2.029
2.057
1.000

9

0
2.031
2.061
1.000

9

0
1.867
1.721
1.000

of nL = 2. Table 15.1 and figure 15.6 summarize the calculation behaviour
and inflation paths elicited by the policy beginning in period 1.

Initial inputs in period 1 are given by ^ = yi = l. Note from table 15.1
that announcement of the policy generates no effect in period 1; agents are
making calculations of period 2 inflation, and these calculations are not
affected by a deficit increase that occurs in period 3. Thus agents have no
incentive to calculate, and final outputs remain at the initial input levels,
with nl = 1.

Now consider the calculation decisions in period 2. Agents want to
calculate TT3, and since D3 > 0 the algorithm gives outputs $\ > f$l, y\ > y%.
Iteration of the algorithm leads agents to revise n3 upward, which reduces
desired money holdings and increases the period 2 inflation rate. Thus
calculation in period 2 generates an inflation reaction one period in advance
of the policy change. This is consistent with Marimon and Sunder's (1988,
1991) finding that anticipated policy changes led to significant reactions
only in the periods immediately preceding the changes.

In this case, the one-period ahead anticipation effect emerges from the
one-period forecast horizon of the algorithm. More generally, the degree of



Expectation calculation, hyperinflation and currency collapse 327

(a)

1.05

0.95 -

2.5

(b)

1.5

1 2 3 4 5 6 7

Figure 15.6 Permanent deficit increase: low deficit case
(a) Trajectories of CEPs (b) Inflation paths
O « = 1 , c =  0.01 A «  = 3, c = 0.01
x / i = l , c=\ • Pathof7r L

anticipation would depend on the length of the forecast horizon built into
the algorithm, which in turn would reflect the cognitive abilities of agents. It
is important to note that such limited anticipation effects are inconsistent
with either rational expectations, which predicts immediate reaction to
announced policy changes, or passive adaptive learning, which posits that
reactions occur only after the changes are implemented.23

In the case of n= 1, c = 0.01, agents calculate again in periods 3 and 4, at
which point expectations are sufficiently accurate to dissuade them from
calculating in period 5. The default path then carries the agents toward a
terminal inflation rate in excess of 2, and by period 8 the default path
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exceeds 2 by an amount large enough to induce another calculation.
Calculation ceases after period 8, and the default path converges to
(/?, y) = (2.057,1). Qualitatively similar behaviour occurs when n is raised to
3, except that the anticipation effect is much larger and convergence to the
new steady-state is more rapid.

Figure 15.6b gives realized inflation along the CPs. For n = 1, c = 0.01 and
n —  3, c = 0.01, the actual deficit increase in period 3 has a large impact on
period 3 inflation, which overshoots the steady-state as a consequence in
part of the rise in inflation expectations between periods 2 and 3.24 Note
finally that when n = 1 and costs are raised to c = 1, agents calculate once in
period 1, and then calculation ceases. The default path approaches
(P,y) = (1.72,1), associated with a long-run inflation rate of 1.87. Here the
high cost of calculation has dissuaded agents from improving their
forecasts, and as a side effect the inflationary impact of the policy is
reduced.

Permanent deficit increase: high deficit case

Suppose once again that the economy begins in a long-run steady-state at
D = 0. At the beginning of period 1, the government announces a perma-
nent increase to the higher deficit level D= 1.974, at which no steady-state
REE exists. As above, the increase takes effect in period 3. Results are
summarized in figure 15.7.

When calculation costs are n= 1, c = 0.1, agents begin to calculate in
period 2, and they perform one iteration per period until collapse occurs in
period 10. Note from figure 15.7a that the growth coefficient y falls for a
time along this calculation trajectory, as agents persist in giving weight to
the hypothesis that inflation will approach a steady-state. Agents are pulled
away from their steady-state hypothesis only after sufficient evidence of
impending collapse has accumulated. Figure 15.7b shows the associated
inflation path. Observe that a burst of inflation accompanies the deficit
increase in period 3, and then inflation accelerates upward until collapse
occurs.25

For «  = 3, c = 0.4, agents calculate twice in period 2, once in period 3,
three times in period 4, and twice more in period 5, at which point they
ascertain the occurrence of collapse and demand zero real balances. Here
the benefits of calculation increase at later stages of the hyperinflation
episode, which gives rise to increasing intensity of calculation as collapse
approaches. It is important to note that collapse occurs sooner when n is
increased; in essence, calculation capabilities determine the speed at which
currency collapse unravels backwards.

The high deficit policy does not inevitably lead to collapse, however.
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(a)

Figure 15.7 Permanent deficit increase: high deficit case
(a) Trajectories of CEPs (b) Inflation paths
O n = \ , c = 0A A n = 3,c = 0 A * n = \ , c = \

When calculation costs are increased to n= l,c= 1, agents perform one
iteration each in periods 2 and 3, and then cease calculation. After this point
expectations are sufficiently close to rational that there is insufficient
incentive to continue calculation; the CP then evolves toward the terminal
point (j8, y) = (2.43,1), and the inflation rate reaches a long-run steady-state
at 2.60. The occurrence of such a steady-state clearly distinguishes our
approach from rational expectations and passive adaptive learning, in that
both of the latter predict that no non-collapse steady-state is possible in the
high deficit case.

Moreover, steady-states in the high deficit case are most likely to occur
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where expectations are nearly rational, i.e. in the neighbourhood of the
curve ys. In fact, Marimon and Sunder did observe steady-states in high
deficit cases where no steady-state REE existed, and these steady-states
arose precisely where expectation errors were smallest. Our calculation
framework provides a simple explanation for this anomalous laboratory
finding: subjects' expectations were sufficiently close to rational that
rethinking them was not worth the effort.26

Policy reversal

We close by considering a slightly more complex policy experiment. The
economy begins in a long-run steady-state at a deficit level of D = 1.768. In
period 1 it is announced that the deficit will be raised to D = 1.974 in period
3, and kept at this level until some later period, at which time it will be
restored to Z) = 1.768. Figure 15.8 illustrates the inflationary effects for
various policy reversal dates.

In figure 15.8a, in which calculation costs are n— 1, c = 0.01, collapse
occurs in period 10 in the absence of policy reversal. When the policy is
reversed at t = 5, there is a relatively small and transitory inflationary effect,
with the inflation rate peaking at 2.81 in period 3. Reversal at t = 8 generates
a higher peak inflation rate of 3.53 in period 6. In period 7 agents anticipate
the policy reversal in period 8, and begin calculating downward expectation
revisions.

If policy reversal is delayed too long, it becomes impossible to avert
currency collapse. Consider the effects of a reversal at f = l l . Agents
calculate in periods 2 through 9, revising upward their conjecture of the
inflation path. In period 10, the anticipated deficit reduction makes the
default path more accurate, and agents do not calculate. In period 11,
however, the default path has advanced sufficiently far toward collapse that
calculation once more revises the path upward, despite the lower deficit
level. Continued upward acceleration then drives the economy to collapse
in period 13. This indicates that the timing of policy reactions to hyperinfla-
tionary episodes may be crucial, in that collapse may become inevitable
once expectations have been allowed to pass a critical point.

Figure 15.8b illustrates the effects of policy timing under a faster
calculation technology, with n = 2. Now collapse in period 6 becomes
inevitable when policy reversal is delayed past t = 7. It follows that the cost
to policy-makers of delay increases when agents can calculate more rapidly.

Conclusion

This chapter has developed a theory of expectation formation in hyperin-
flationary environments, in which expectation revisions are tied explicitly
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Figure 15.8 Policy reversal
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to agents' trade-offs between losses from inaccurate forecasts and the costs
of calculating expectation revisions. Our theory posits a particular form for
agents' expectation calculation algorithms, in which they use a true model
of the economy to guide their calculations. We show that a wide variety of
economic phenomena can be explained in terms of agents' capabilities and
incentives to calculate expectations.

Our theory explains how, in cases of unsustainable budget deficits, a
pattern of accelerating inflation followed by currency collapse arises
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naturally from agents' increasing incentives to calculate expectations as the
hyperinflationary episode unfolds. Moreover, laboratory findings of one-
period ahead anticipation effects, rapid adjustment to new steady-states,
and convergence to near-rational outcomes when steady-state REE do not
exist, which are difficult to understand in terms of either rational expec-
tations or least squares learning, are easily comprehended when agents'
capabilities and incentives to calculate expectations are taken into account.

Finally, our approach has important implications for policy, particularly
for policy reversibility. When calculation behaviour is considered, the
timing of policy shifts can be crucial not only for the transitional dynamics,
but for whether currency collapse can be averted as well.

This chapter has focused on a particular relatively simple specification of
the calculation technology, but clearly our framework can be extended in
many directions:

Extensions of the calculation algorithm
The algorithm might be based on a model of economic structure that differs
from the true structure, where the difference would reflect incomplete
knowledge on the part of agents. The algorithm could incorporate a longer
forecast horizon, as discussed on pp.315-16, and forecast rules rather than
point forecasts might be calculated. The agents could be required to engage
in costly calculation of best responses to expectations as well as the
expectations themselves (Marimon and Sunder, 1988, 1991, find experi-
mental evidence that agents do not fully optimize their money holdings,
given their expectations).

Dependence of the algorithm on the information set
In the specification employed by this chapter, the only aspect of the
information set that affects calculation is an agent's own previous calcula-
tions. This has allowed us to make a sharp distinction between our
approach and that of passive adaptive learning. Our framework can in
principle be modified, however, to allow a rich dependence between
information and calculation. Calculation behaviour might depend on past
economic data, as well as past calculations, via the input functions, the
CDRs, or direct revisions of the structural model or calculation procedure.
For example, agents might compare past calculated inflation rates with
realized rates, with larger discrepancies triggering more intensive calcula-
tion. An average of past inflation rates may be updated and used to modify
the initial input should agents choose to calculate. These and other
extensions would make possible a natural combination of passive adap-
tation and active cognition.27
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Determination of the CDR
An adaptive process could be introduced that directly adjusts the CDRs in
response to their success at minimizing net losses, e.g. some form of
evolutionary adaptation might be specified. Optimality of the CDR would
then arise only gradually, if at all.

Our overriding goal has been to establish a general framework for
analysing expectation formation behaviour that allows agents to engage in
a process of active cognition with respect to the economic environment, but
places inherent limitations on their cognitive abilities in terms of restric-
tions on the calculation technology. We believe that the framework and
results of this chapter, and the possible extensions outlined above, are
indicative of the scope for this approach to capture a rich variety of
expectation formation behaviour.

Appendix

Proof of Proposition 1: Note first that, for all k:

\ k k k \yon-p°l (Al)
To see this, suppose T(P°,y\P°)> P°. Then (5a) and (5b) give pl>p° and
yl>y°, where the latter invokes the acceleration property. Further, since
T(fi,yP) is strictly increasing in p and y, we have T(P\ylpl)>T(p°,y°p°)
= Pl. The inequality extends to all k by induction, and the argument applies

V 0 0

Note next that kM{k) is non-decreasing in k, that is, k<k\ kvekM(k),
kwekM(k') imply kv<kw. Suppose T(p°,y°P°)> p° and choose &v = max
kM(k), k'>k. By definition we have, for all kx<kv:

h(K\(pkxya-T(pkypkya\)+ckx>h(K\(pkvya

-T(pkypkya\)+ck,
Using (Al) it follows that pk'>pk and / ' > / , and so T(pk\yk'pk>)
> T(pk,ykpk). Similarly, we have pkx<pkv. Define the following:

B=(pkvya-T(pkypkya

C=T(pk,ykpk)-a-T(Pk\yk'pk')-a.
Note that A > 0 and C> 0. Now (A2) may be written:

h(K\B\)>ckv-ckx>0 (A3)
which implies \A + B\ > \B\; combining this with A > 0 implies A + B> 0. To
have kx$kM{k') it is sufficient that:



334 George W. Evans and Garey Ramey

+ B+C\)-h(K\B+C\)>ckv-ckx. (A4)

If B + C>0, we may differentiate the left-hand side of (A4) with respect to C
to obtain:

+ B+C))-h'(K(B+C))]K>0

while if B+ C< 0, the derivative becomes:

[h1(K(A + B+ C)) + h''(- K(B+ C))]K>0.

Thus (A4) follows from (A3) and C> 0.
Finally, fix k = n. If n ekM(n), then we are done. Otherwise, kv < n for all

kvekM(n). Now consider k = n— 1. Again we are done if n— 1 ekM(n— 1).
Otherwise, note that we cannot have nekM(n-\), or we would have
nekM(ri) due to the fact that fcMis non-decreasing, and so we would have
finished in the first step. Thus if n— 1 $kM(n— 1), then kv<n—\ for all
kvekM(n~ 1). Proceeding by induction, for each k we have kekM(k) or
kv<kfor all kvekM(k), and at ̂  = 0 we must have 0e&M(0). •

Notes

Part of this chapter was originally included in 'Expectation Calculation and
Macroeconomic Dynamics' STICERD Discussion Paper, TE/89/202, London
School of Economics (1989). Earlier versions were presented at the NBER
Conference on Economic Fluctuations in Cambridge, MA (October 1991), the
Economic Science Association meetings in Tucson (October 1991), the OFCE
conference in Paris (January 1992), and the Econometric Society North American
Winter Meetings in New Orleans (January 1992). We have benefited from numerous
comments, and we are particularly grateful for the comments and criticisms of John
Conlisk, Charles Goodhart, Herschel Grossman, Rudolfo Manuelli, Neil Rankin,
Mark Salmon and Michael Woodford. The authors are responsible for all errors.

1. Historical evidence is given in Bental and Eckstein (1990), who also explicate
the difficulties of duplicating the historical pattern in a rational expectations
equilibrium.

2. In experimental environments with unchanging deficit levels, Marimon and
Sunder (1993) did find some agreement between subjects' forecasts and least
squares predictions.

3. Note that agents can observe Pt and Pt-]9 and thus they know nt, when they
choose their period-r money holdings. The future realization nt+u which
depends on Pt+l, is what agents are seeking to forecast in this model.

4. Essentially, currency becomes worthless once the government defaults. Equiva-
lently, we can view the government as issuing infinite amounts of currency in the
collapse period, which drives Pt to infinity. Alternative assumptions are
possible for the period after default, and these might modify calculation
behaviour in the periods immediately preceding default.

5. Bental and Eckstein (1990) show that to obtain an accelerating pattern of



Expectation calculation, hyperinflation and currency collapse 335

inflation that terminates in an anticipated stabilization requires not high but
low (i.e. sustainable) deficits in the prestabilization period, combined with an
appropriate shift in taxes (in addition to any cut in government consumption) at
the stabilization date itself. Another possible route for reconciling rational
expectations with historical hyperinflation experience might be to incorporate a
regime shift of uncertain existence or timing. See Flood and Garber (1980a) for
an example of this kind of approach in a model with an exogeneous money
supply process.

6. When k = 0 and 7°= 1, the calculation algorithm is equivalent to the notional-
time process of expectational stability used in Evans (1985) to analyse stability
of steady-state REE. Here expectational stability becomes an algorithm for
calculating expectations in real time.

7. The qualitative features shown in figure 15.2 hold for a < 1, which generates the
initial convex region of the ys curve, and ke(0,\), which yields the concave
calculation trajectories.

8. Calculating a fixed point of the algorithm in period / would not imply that all
forecast errors are eliminated, however, since the algorithm does not incorpor-
ate structural changes that occur beyond the forecast horizon, nor does it
account for calculations that are made in future periods.

9. One could further extend the algorithm by allowing the choice of Hto be part of
the algorithm; more generally, agents might be allowed to choose between
competing algorithms. We leave the analysis of the more general and complex
cases for future work. Other possible extensions of the calculation framework
are discussed in the Conclusion.

10. A number of alternative possibilities are discussed in the Conclusion.
11. The default path in Evans and Ramey (1992a) is simply $ = Pf-\\ agents in that

model seek to predict only current inflation, and the calculation algorithm has a
single input and output.

12. It is also possible that the CDR would depend on other variables, such as past
observed inflation rates; such possibilities are discussed further in the Conclu-
sion (pp.332-3).

13. Discounting of future losses is considered in Evans and Ramey (1992a).
14. This specialization puts a = 0.5, K=5, D= 1.768, \jt is given by (6) with k = 0.1,

the loss function is h(z) = 3z2, w = 3, and ck — ck_l = \ for k— 1,2,3.
15. Recent experimental work of Smith and Walker (1993a, 1993b) on decision

costs gives further support to the notion that calculation behaviour derives
from a consistent balancing of benefits and costs: undergraduate experimental
subjects were found to commit smaller decision errors when the payments for a
given experiment were scaled upward. Here the benefits of calculation are
increased, while the costs are presumably constant across subjects, and the
results are consistent with the notion that calculation becomes more intensive.

16. In a single-agent model, Conlisk (1988) takes a similar approach to optimal
decisions under bounded rationality, and he gives further discussion of the
justifications for this approach.

17. cp2 denotes the derivative with respect to the second argument, y.
18. For cx >h(D) the set of terminal points may have other forms. In particular, if
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a>\ the intervals may be of the form [/?,7i), i.e. there are terminal points
arbitrarily close to the collapse region. Further, in the low deficit case a third
interval of this form may be added to NL and Nu.

19. The condition also serves to rule out cases in which the input functions and
calculation algorithm exactly offset one another from period to period, which it
does by ensuring that current calculations have a persistent effect on the default
path.

20. if/] denotes the derivative with respect to the first argument, x.
21. Our findings of potential stability of the low inflation steady-state and

instability of the high inflation steady-state are in agreement with Marimon and
Sunder's experimental results; see especially Marimon and Sunder (1993).

22. Values for the parameters a, K and k are as in n. 14 above, and also a = 0.5.
23. Limited anticipation could arise even if the calculation algorithm incorporated

a very long forecast horizon, provided that calculation costs are not too small.
24. To understand this overshooting effect, let us rewrite (1) as Amt + mt-x(nt

—  \)jnt = D, where mt = HJPt. The second term on the left-hand side is the
inflation tax component of seigniorage, while the first term is an additional
source of seigniorage generated by the willingness of agents to hold higher real
balances. When fit > Pt_ ls Amt is negative, and a higher inflation tax is needed to
finance D.

25. Although behaviour is describable as a speculative bubble in this instance, it is
not an explosive REE path like those described by Obstfeld and Rogoff (1983),
since the adjustment is driven by calculation behaviour rather than REE
dynamics. This indicates a source of price level bubbles that has not been
addressed by standard empirical tests along the lines developed, for example, by
Flood and Garber (1980b).

26. These near-rational steady-states differ from the near-rational equilibria of
Akerlof and Yellen (1985a), as well as the steady-state outcomes described in
table 15.1, in not being close to any steady-state REE.

27. Further, if agents are heterogeneous, then the information flows available to an
agent may include the calculations of other agents. This would generate
calculation externalities, as discussed in Evans and Ramey (1992a).



16 Menu costs and aggregate price
dynamics

Alan Sutherland

Introduction

The idea that small costs of adjusting prices can create significant nominal
rigidities is now a well known result in macroeconomics. The basic
implications of menu costs are easily derived and demonstrated in a simple
static model of a monopoly firm (as in Akerlof and Yellen, 1985b; Mankiw,
1985). However, there are now a number of studies which generalize this
analysis, first, to consider the dynamic behaviour of an individual represen-
tative firm (Sheshinski and Weiss, 1977, 1983), and secondly, to consider
the dynamic behaviour of the aggregate price level when firms are hetero-
geneous (Caplin and Spulber, 1987; Caplin and Leahy, 1991). This chapter
brings together the main results of this literature and presents them in a
unified framework which is accessible to non-specialist readers.1

The chapter begins by deriving and explaining a dynamic menu cost
model of an individual firm. In this context 'dynamic' means that the firm
aims to maximize the discounted value of its profit stream while experienc-
ing serially correlated shocks to the demand for its product. The firm
therefore faces an ongoing price adjustment problem such that at every
instant it must decide whether and by how much it should adjust its price
level. This contrasts with the models of Akerlof and Yellen (1985b) and
Mankiw (1985) where the firm experiences a single shock and is only
concerned with maximizing profits within the current period. In the first
section it is shown how, in the dynamic model, a firm chooses optimal
trigger values of the deviation of its price level from the frictionless
optimum. While the value of this deviation is small enough to be between
the trigger points the firm holds its price fixed. But when the deviation hits
one of the trigger points, prices are adjusted by a discrete amount. The basic
insight of the static models therefore survives in a dynamic framework.

If all firms are identical and face identical shocks to demand it is obvious
that the nominal stickiness displayed by each individual firm will also be
displayed by the aggregate price level. But if firms are heterogeneous in
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some way, so that each firm is potentially at a different position relative to
its price trigger points, it becomes less clear that the menu cost effect will
survive at the aggregate level. When firms are heterogeneous it becomes
theoretically possible for there always to be some firms at or near their
trigger point so that any aggregate shock (such as a monetary shock) will
always trigger some price adjustment. To investigate this issue it clearly
becomes necessary to construct a framework where there are many firms
subject to menu costs in the presence of both idiosyncratic and common
shocks. Such a framework is constructed in the second section of the
chapter.2

The third and fourth sections of the chapter then use this framework to
analyse two important and contrasting cases. In the first case (due to Caplin
and Spulber, 1987) the shocks the firms face are all of the same sign so that
prices move in only one direction. It is shown that, in this case, firms are
distributed in such a way that any common shock (i.e. money supply shock)
induces just enough firms to change their prices to keep the real money
supply constant. In other words, the stickiness evident in prices at the level
of the individual firm is lost at the aggregate level and monetary shocks are
neutral despite the presence of menu costs. The assertion that menu costs at
the individual firm level must give rise to nominal stickiness at the aggregate
level is thus revealed to be a 'fallacy of composition'.

The fourth section, however, considers an alternative case (due to Caplin
and Leahy, 1991) which shows that this fallacy of composition is by no
means a general result. The crucial difference in this case is that shocks can
be either positive or negative. This apparently innocuous change to the
structure of the model is sufficient to produce a very different distribution of
firms. The equilibrium distribution of firms is such that there need not be
any firms close to a price level trigger point. It is therefore possible for there
to be a monetary shock which does not induce any price adjustment. Thus
aggregate price inertia is generated and money is non-neutral.

Dynamic optimization and the individual firm

In this section a dynamic model of an individual firm's pricing decision is
constructed. The firm's problem is analysed in a continuous-time stochastic
framework where the shocks hitting the firm take the form of a 'compound
Poisson' process.3 The compound Poisson process has the advantage that it
encompasses both the one-sided and two-sided cases. Thus, by a suitable
choice of parameter values, it is possible to generate the Sheshinski and
Weiss (1983) case where the firms' optimal price only ever rises, and the
Caplin and Leahy (1991) case where the firm's price can both rise and fall.4

Suppose that an individual firm faces a stochastic demand schedule such
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that, in the absence of adjustment costs, its profit maximizing price, /?*,
follows a compound Poisson process.5 Thus if/?* is the profit maximizing
price at time / then p* at time t + dt is given by the following

!

pf — e with probability ccMt
pf with probability (l-Mt) (1)

pf + s with probability (1 — (x)Mt
where 0 < a < 1 and where the innovation, e, is exponentially distributed
with density given by ye ~yE (8 is therefore non-negative). The average drift
(per unit time) in/7* is given by >l(2a - l)/y. And the variance (per unit time)
is 21/y2.

The one-sided and two-sided cases are generated by suitable choice of the
parameter a (which has a central role in determining the degree of drift in
the/?* process). If a = 1 the process is asymmetric and prices only ever rise.
This corresponds to the case analysed by Sheshinski and Weiss (1983).6 If,
on the other hand, a = 1/2 the /?* process is exactly symmetric and prices
have no tendency to either rise or fall. This is the model of an individual firm
that corresponds to the aggregate analysis of Caplin and Leahy (1991).

Denote the actual price that the firm sets at time t bypt and define xt to be
the deviation between the actual and optimal price, i.e. xt—pt—pf. Thus,
between price changes x follows the following process

{ xt-8 with probability (1 - a)Mt
xt with probability (1 - Mi) (2)

xt + e with probability ccMt
Assume the firm's instantaneous profit function is quadratic in x in the
region of maximum profits such that

nl=-b[p-pf]2=-b[xl]2 (3)
where b is a fixed parameter. Here 771 is the difference between the actual
flow of profit that is earned at time t and the maximum that could be earned
if pt is set equal to pf. As pt moves away from pf in either direction 77,
becomes negative.

The firm has to pay a menu cost of k every time the price level is altered.
The firm's objective is to maximise the discounted value of profits net of
adjustment costs. The firm's objective at time t is therefore to maximize Wt
where Wt is given by the following

(4)
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where 3 is the firm's discount rate and Et is the expectations operator
conditional on information available at time t.Cx = k if prices are adjusted
at time T, otherwise CT = 0. By substituting from (3), (4) can be rewritten as

00

W, = E, | f [ - bx] - Ct]e "^-«>rfr  j . (5)

The firm's problem is to choose x at each moment of time in order to
maximize Wt.

The optimal form of rule for the firm is to choose upper and lower trigger
points for price changes, denoted u and /, and upper and lower return
points, denoted U and L. Thus when x reaches the value u the firm adjusts
its price (and therefore incurs the lump sum cost k) so as to return x to U.
Likewise at / the price level is adjusted so as to return x to L. Proving that
such a trigger point rule is optimal within a wider class of rules is a difficult
problem which is not tackled here. For the purposes of the exercise
conducted below it is taken as given that a rule of this form is optimal and
the procedure for deriving the optimal values of w, /, U and L is outlined. It
should be noted, however, that this rule is sufficiently general to encompass
a number of important special cases. In particular the case where the firm
continuously maintains its price at p* can be represented as
u = l=U=L = 0. The fact that this does not turn out to be optimal for a firm
that faces menu costs shows that price stickiness is not an artefact of the
assumption that a trigger point rule is followed.

The procedure for deriving the optimal values of u, /, U, L involves first
deriving an explicit expression for the value of the firm's objective function.
It is possible to deduce from the structure of the model that Wt will be some
function of xt9 i.e. Wt= V(xt).7 Consider a small interval of time, dt, during
which price adjustment does not take place (i.e. l<xt<u and l<xt+dt<u).
The function V{) satisfies the following8

V{xt)= ~bx*dt + {\-8dt)Et[V{xt+dt)]. (6)
The definition of the process followed by x allows the last term of this to be
expanded to yield

V(xt)= -bx?dt + (l-5dt)Ul-(x)ME[V(xt-s)]l. (7)l J
The first term in the large bracket is the value of the objective function at
t + dt if there is no change in x multiplied by the probability of there being
no change. The second term is the expected value of the objective function
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given that there is a negative jump in x multiplied by the probability of a
negative jump. The third term is the expected value of the objective function
given that there is a positive jump in x multiplied by the probability of a
positive jump.

Multiplying through the large bracket by (1 — bdi) and eliminating terms
in (dtf allows (7) to be rewritten as follows9

(3 + X)V(xt) = - bx] + (1 - ol)kE[V(xt- s)] + <x.kE[V(xt + e)]. (8)

It is possible to obtain an explicit solution for the function Vconditional on
values for /, u, L and U by using a two-step procedure. In the first step the
existence of the trigger points is ignored and (8) is expanded to yield

ye-yeV(xt-e)ds
o

ye~yEV(xt + s)de.

This is an integral equation in the function V(). It has a general solution of
the form

2b A , ( 2 a - 1 ) 2 W b ,
=-¥-2[(2«-m + d]- J x--x?o y yd o

where 9X and d2 are the roots of -((S + A)02 + (1 -2a)/ly0 + (5y2 = O and Ax
and A2 are arbitrary coefficients.

Recall that in deriving (10) the existence of the trigger points was ignored.
The trigger points enter the solution process by providing two boundary
conditions to tie down the two arbitrary coefficients, Ax and A2. The two
conditions are called 'value matching' conditions because they specify
necessary relationships between V(U), V(L), F(w)and V(l), i.e. the value of
the firm's objective function at the different trigger points. To derive the
first value matching condition consider a slight rearrangement of (9) with V
evaluated at u

(11)
1
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After making due allowance for the trigger and return points in the integrals
on the right-hand side of this equation, it is possible to rewrite (11) as

u-l

I J+ x
/g ' 1 ye-/FV(u-s)de + e-n"-')[V(L)-kn (12)

0

This follows because any shock which takes x above u results in x being
reset to U at a cost of A:. While any shock which takes x below / results in x
being reset to L at a cost of A:. A corresponding equation can be derived at /
as follows

.-/ (13)

(12) and (13) are two independent relationships that must hold between
V{U\ V{L\ V(u) and V(l). After substituting for V(U\ V(L), V(u) and
V(l) using the functional form given in (10), (12) and (13) can be solved to
yield values for Ax and A2 conditional on values for /, w, L and U.

(10), together with the values of Ax and A2 that come from the value
matching conditions, provide an explicit solution for the firm's objective
function conditional on arbitrary values of the trigger and return points, i.e.
it is possible to write Wt= V(xt;l,u,L, U). The next stage is to derive the
values of /, w, L and U that maximize Wt. This stage of the process is
perfectly standard. The usual first order conditions can be derived from the
explicit solution for Wt (by setting the derivatives of Fwith respect to /, w, L
and U equal to zero). The optimal values for /, w, L and C/are then derived in
the usual way by solving the first order conditions. The first order
conditions are stated below without any explicit derivation. (Note that even
though V is a function of xt it turns out that xt can be eliminated from the
first order conditions. The optimal values of the trigger points are therefore
independent of the current value of the state variable.) After considerable
rearrangement and simplification it is possible to write the four first order
conditions as follows

V'(U) = 0 (14)
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U-L

Figure 16.1 Optimal trigger points

2b (l-a)A

(15)

(16)

x\ ye~yRVf(u-e)de-ye-yiu~l)

j
o

A) (<5 + A)

{]
(17)

where V'(U\ V'(L), V'(u) and V'{1) should be read as the derivative of
V(x) (with respect to x) evaluated at, respectively, x=U, L, u and /. The
four first order conditions can be solved to yield the optimal values of (7, L,
u and /.

Figure 16.1 plots optimal values of £/, L, u and /for different values of a.
Remember, a determines the direction and degree of drift in the/?* process.
Thus if a = 1/2 there is no drift in/7*, and if a = 0 there are only ever positive
shocks to /?* so there is positive average drift. The values of the other
parameters are X = 20, y = 4, 5 = 1 and k = 0.05.

At a = 1/2 the solution is symmetric, with U=L = 0 and u— -1=0.693.
But as a declines towards zero the solution becomes steadily more
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asymmetric. U and L rise above the frictionless optimal point (x = 0) and u
and / also rise. The rise in U and L reflects the negative drift in x induced by
the positive drift in/?*. When resetting the price level it is optimal to set a
price above /?* to allow for future anticipated price rises. The lower trigger
point, /, rises because when p*>p the positive drift means there is less
chance of/?* falling back towards the current level of/?. It is therefore better
to reset prices sooner. A symmetric argument explains why the upper
trigger point rises.

In the extreme case where a = 0, so that /?* never falls, only the lower
trigger point, /, and the return point are relevant for ongoing price changes.
The upper trigger point is relevant only if the initial level of x is above U. In
this case the firm will adjust x to U if x > u. Otherwise the firm will simply
allow the positive drift in /?* to make the required adjustment. After this
initial adjustment phase x will never again be in the region x> U.

Aggregate price dynamics: the basic framework

The previous section illustrated the optimizing problem facing an indivi-
dual firm in choosing its price. This was illustrated in a continuous-time
continuous-state-space framework. In this section, and the two that follow,
the implications of impulse control of prices for the aggregate economy are
illustrated. Here the optimal choice of trigger points will not be explicitly
represented. Instead it will simply be assumed that firms follow trigger
strategies of the type illustrated in the previous section. In addition it will
prove easier to work in a discrete-time discrete-state-space framework. As
far as possible the notation established in the previous section will be
retained.

There are assumed to be n price-setting firms in the economy where n is a
large number. Each firm's optimal price is subject to common shocks and
idiosyncratic shocks. It is convenient to parameterize the model in such a
way as to allow the relative balance of common and idiosyncratic shocks to
be varied.10 Common shocks take the form of money growth shocks.
Money growth can take on one of two values with equal probability as
follows

The parameter fi measures the average growth rate of money and S
determines the level of money growth shocks. It is natural to assume that
the aggregate optimal price level (denoted /?*) will change proportionately
with money, i.e. Ap* = Am.

At the level of the individual firm, the change in the optimal price of firm /
can take one of two values
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{a
Apf = {1 where a>b. (19)

lb

The actual realization of Apf will depend on a combination of common and
idiosyncratic shocks.11 But from the point of view of the individual firm the
source of the shock is unimportant. In what follows it is assumed that the
combination of common and idiosyncratic shocks results in a and b being
equiprobable. Obviously for the model to be consistent, the parameters a, b,
H and 5 cannot be chosen independently. (19) implies that the expected
growth rate of the aggregate optimal price level,/?*, is (a + b)/2. Thus for
(18) and (19) to be consistent it must be true that ix = {a + b)/2. Also, if there
are no idiosyncratic shocks, so that all firms have the same optimal price
level, it must be true that 5 = (a — b). Thus S=(a — b) defines the maximum
value of 5.

In this model idiosyncratic shocks imply that firms do not all experience
the same shock to pf in each period. If there are no common shocks (i.e.
5=0 ) then, given that there are a large number of firms, half of the firms will
experience Apf = a and half will experience Apf = b. But if there are
common shocks the proportions experiencing a and b will vary according to
the rate of money growth. Thus in a period where the high money growth
rate occurs the proportion experiencing Apf = ais assumed to be n (where
7r>l/2) and the proportion experiencing Apf = b is (1 — n), where the
proportion n satisfies the following equation

^ | . (20)

The left-hand side of this equation is the change in the aggregate optimal
price and the right-hand side is the change in the money supply given that a
positive monetary shock has occurred. Rearranging (20) yields the follow-
ing expression for K

1

n is also the probability of an individual firm experiencing Apf = a
conditional on a high money growth shock having occurred. To make this
consistent with there being an unconditional probability of Apf = a occur-
ring of 1/2 for an individual firm it must be the case that n is also the
proportion of firms experiencing Apf = b in periods when a low money
growth shock occurs.

The framework can be summarized as follows. In each period a money
growth shock of size (a + b)/2 + 5/2 occurs with probability (1/2) and of size
(a + b)/2 — S/2 with probability (1/2). If high money growth occurs a
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proportion n (given by (21)) of firms experience Apf = a and (1 — TT)
experience Apf = b.If low money growth occurs then the proportions are
reversed so that (1 — 7i) experience Apf = a and n experience Apf = b. The
net result for an individual firm is that Apf = a and Apf = b each occur with
an unconditional probability of 1/2. The balance between common and
idiosyncratic shocks can be varied by varying S between 0 and (a — b).

Aggregate output is determined by

y = m-p (22)

where p is the aggregate actual price level (as distinct from the aggregate
optimal price level /?*). The change in output is therefore given by

Ay = Am--£APi (23)
n i = i

where n is the number of firms. But since Am = Ap* this can be rewritten as

Ay = \ t Apf-- t Apr -- t Ax, (24)

where xi = {pi—pf) is the price deviation for firm /. Thus the dynamics of
output are entirely determined by the dynamics of the average price
deviation. The effect of menu costs on the dynamics of output can therefore
be studied by considering the average of the xp. In particular, the effect of
monetary shocks on output in the presence of menu costs can be investi-
gated by considering the effect of monetary shocks (i.e. common shocks) on
the average of the xp.

In order to investigate the dynamics of the average of the xts it is
necessary to derive and investigate the dynamics of the 'cross-sectional
distribution' of firms over the different possible values of x.n Thus, much of
the analysis in the next two sections is directed at deriving the dynamics of
the cross-sectional distribution of the xp. The following section considers
the case of one-sided shocks while the subsequent section considers the case
of two-sided shocks.

One-sided price shocks

This section considers the case as analysed by Caplin and Spulber (1987)
where only positive p* shocks occur. The appropriate p* process can be
generated by setting a = 1 and b = 0. This is a discrete time equivalent of the
one-sided case illustrated on p.343. There it was shown that the optimal
policy for an individual firm is to choose a minimum level for x, denoted /,
and a return point, denoted L. For the sake of illustration, in this section set
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/= — 3  and L = 2. For an individual firm x can therefore only take on the
values —  2, - 1, 0, 1 and 2. When x falls to — 3  it is immediately reset to 2.

Notice that these assumptions imply that average money growth is /a =
1/2 and that 0 < 5 ' < l . A t 5 r = 0 there are no monetary shocks while at S= 1
monetary shocks are the only source of noise.

The dynamics of the cross-sectional distribution of x can be investigated
by considering the behaviour of x for two particular firms randomly chosen
from the total population of firms.13 Call these firms / a n d / In particular,
consider the joint probability distribution of xt and the difference between xt
and xp i.e. xt—x r xt can take on values —  2, —  1,0,1,2 while xt—Xj can take
on values from - 4, where xt= ~ 2 and Xj=2, to 4, where xt=2 and Xj= ~ 2.
The joint distribution at time t, conditional on information available at
time 0, can therefore be represented by a 5 x 9 matrix denoted Q(t). Here,
for instance, the element q_x _2if) °f 6 ( 0 *s the probability that at time t
xt= — 1  and xi—x j= - 2. In what follows, the steady-state solution for Q(t)
(i.e. the solution as t tends to infinity) will be derived.14

It may, at first sight, seem odd to study the dynamics of the joint
probability distribution of xt and xt —  Xj. It will be shown below, however,
that this distribution can be used to determine the cross-sectional distribu-
tion of firms. In particular the steady-state Q can be used to determine the
steady-state cross-sectional distribution.15 This can then be used to show
the effects of monetary shocks on the average value of x across the
population of firms.

Suppose firms i andy are chosen randomly at time 0 and suppose that at
time 0 the position of the two firms is known with certainty. It therefore
follows that one element of Q(Q) is unity and the others are all zero. But,
from the standpoint of time 0, the future position of the two firms is
unknown, so Q must evolve as periods further and further into the future
are considered. As t is increased Q evolves according to rules which can be
derived from the basic probability rules governing the individual firms. The
first stage in considering the evolution of Q is therefore to consider these
basic probability rules.

If there is a high money growth shock the probability of xt falling is
(1 -f 5)/2. The probability of Xj falling is also (1 + S)/2. These are indepen-
dent events, so the joint probability of both jc,and Xy falling in a high money
growth period is (1 + S)2/4. Likewise the joint probability of x, falling and xt
remaining unchanged is (1 + S)(1 —  S)/4. The joint distribution of the
changes in xt and Xj is therefore given by table 16.1.

In a low money growth period the corresponding joint distribution is as
shown in table 16.2.

High and low money growth are equi-probable so the overall joint
distribution is the average of the previous two tables, as shown in table 16.3.



348 Alan Sutherland

Table 16.1. Joint distribution of changes in xt
and xf high money growth period

Axf=-\ I (l + S)(l-S)/4
(\+S)(l-S)/4 (l-S)2/4

Table 16.2. Joint distribution of changes in xt
and Xj-: low money growth period

Axt= --1

Table 16.3.
in xt and x;

Ax(= -
AX;=O

1

Axr-\

Overall joint

Axr

Axj-

w (!+

distribution

- 1
r2)/4
f2)/4

= 0

S)(l-5)/4
S)2/4

of changes

AXj = 0

(l-52)/4
(l+S2)/4

Notice that as the degree of common shocks rises the more correlated the
two firms become. It the extreme when 5 = 1 the two firms are perfectly
correlated. And when 5 = 0 the two firms are completely independent.

Table 16.3 can be used to construct the dynamics of Q. Suppose that
#o,o(O)=l a n d that all other elements of Q(0) are zero. This implies
xi = xj = 0. If AxJ=Axi= — 1  then in period 1 xt= — 1  and xi —  xj=0. Table
16.3 shows that the probability of Axj=Axt= - 1 is (1 + S2)/4 so 0_1>o(l)
= (l + S2)/4. Similar reasoning shows that ^0 0(l) = ( l + 52)/4, q-X^(\)
= (1 —  S2)/4 and tfo,i(l)= (1 ~ S2)/4. It is convenient to represent this with a
transition matrix Too which summarizes the transition of probability mass
from q0 0 as follows

T = 1
1 0,0 4

0 00 0 0 0 00 0
000 (l-52)(l + 52) 0 0 0 0
0 0 0 0 (1 + S2) (1-S2) 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

(25)
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It is then possible to write

349

It is clearly possible to derive a transition matrix for each element of Q.
Had it been the case, for instance, that in period 0 xt = Xj= - 2 so that
#_2,o(O) = 1 the relevant transition matrix is T_20 which is given as follows

T = -
1 - 2 , 0 4

(l-S2

0
0
0

) 0
0
0
0

0
0
0
0

0 1
0
0
0

[\ + S2

0
0
0

) 0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0 0 0 0 (\ + S2) 0 0 0 (1-S2)

(27)

In this case the transition matrix takes into account the potential resetting
of xt and/or xr 2(1) is now given by

,o. (28)
Thus, from any initial starting point it is possible to write down a rule
linking g(0) and g(l).

Now consider a slightly more general problem. Suppose the positions of
the two firms are unknown at time 0 but that their probability distribution is
defined by Q(0). (In other words, suppose that there is more than one non-
zero element in Q(0).) There is now a general rule that links 2 0 ) to 2(0) as
follows

(29)
h=-2 k=-A

where account is taken of all the possible starting points for xt and xr (29)
defines the transitional dynamics from period 0 to period 1. The transition
matrices are, however, time invariant so (29) can be used to define the
transition from any period, t, to the next period, t+l, i.e.

Q(t+1)= I Z qKkif)TKk
h=-2 k=-4

(30)

This defines the dynamics of the distribution of the xs.
In particular (30) can be used to derive the steady-state distribution Q

which is defined by

Q= E £
h=-2 k=-4

(31) provides 45 linear equations in the 45 elements of Q. However,
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(provided S< 1) only 44 of these equations are linearly independent. A 45th
independent equation is provided by the requirement that the elements of Q
should sum to unity. Solving for the elements of Q is therefore a matter of
solving 45 linear equations in 45 unknowns.

The case where S = 1, so that there are no idiosyncratic shocks, requires a
slightly different approach. In this case the 45 equations are not linearly
independent. There are thus multiple solutions for the steady-state distribu-
tion. But in this case the solution to the model becomes very simple since the
lack of idiosyncratic shocks implies that the relationship between firms is
fixed throughout time. The long-run distribution of xt — xycan therefore be
determined from the initial conditions. Conversely it must be the case that
there is a solution for Q that corresponds to each possible starting point for
the two firms.

In the case where S< 1 the following solution for Q is obtained

Q =

1/25 1/25 1/25 1/25 1/25 0 0 0 0
0 1/25 1/25 1/25 1/25 1/25 0 0 0
0 0 1/25 1/25 1/25 1/25 1/25 0 0
0 0 0 1/25 1/25 1/25 1/25 1/25 0

_0 0 0 0 1/25 1/25 1/25 1/25 1/25

.(32)

It is simple to calculate from this (by summing the rows) that the
unconditional distribution for firm / is uniform across the five states.16 It is
also simple to use Q to calculate the distribution for Xj conditional on the
position of xt. When xt= — 2 the first row of Q implies that Xj= — 2 with
probability 1/5, Xj= 1 with probability 1/5, etc. The conditional distribu-
tions of Xj for the other values of xt can be calculated from the other rows Q.
These distributions are all uniform across the five states.

The distribution Q{i) was introduced as the joint probability distribution
of two individual firms, / andy, conditional on information available at time
0. But since the number of firms is large it is possible to use Q(t) to say things
about the proportion of firms in different states17 (provided that there is
some element of idiosyncratic shocks). Assume that there is a large number
of firms which are initially arbitrarily distributed across the JCS. Interpret
Q(0) as the joint distribution of xt and xt—Xj where firms / and j are
randomly selected from the total population of firms. Each row of Q(0) is
therefore a simple transformation of the cross-sectional distribution of
firms conditional on x̂ .18 Furthermore, the matrices which define the
transitional dynamics of Q (i.e. the T matrices) can be interpreted as
defining the transitional dynamics of the cross-sectional distribution. In
this case, each T matrix is interpreted as recording the movement of firms
between states rather than the movement of probability mass. The trans-
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itional dynamics of the cross-sectional distribution can thus be traced using
the same techniques as described above. And, in particular, the steady-state
cross-sectional distribution can be obtained from Q.

It has already been shown that each row of Q implies that the distribution
of Xj conditional on a given value of xt is uniform across the five possible
values of x. It must therefore follow that the cross-sectional distribution is
uniform across the five states. In addition, it is important to note that this
result is true for any degree of common shocks less than 5 = 1 . Thus it only
requires some degree of idiosyncrasy in shocks to lead to a uniform cross-
sectional distribution.

In order to see more clearly that a uniform distribution is indeed a steady-
state, consider in detail the effect of some specific shocks. In a high money
growth period the proportion of firms experiencing a rise in/?* is (1 + S)/2.
The other (1 —  S)/2 firms experience no change in p*. Thus of the firms
previously at x=\ (\+S)/2 move to x = 0 and (1 —  S)/2 stay at x = l .
Similarly, of those firms previously at x = 0, (1 + S)/2 move to x= — 1  and
(1 —  S)/2 stay at x = 0. The proportion of firms left at x = 0 at the end of the
period is therefore (1 + S)/10 + (1 —  S)/10 = 1/5, i.e. there is no change. The
interaction between x = —  2 and x = 2 is slightly more complicated, but the
result is the same. Of the firms previously at x= —  2, (1 4- S)/2 experience a
rise in/?* which takes them past the trigger value of x. They therefore reset x
to x = 2. The proportion of firms left at x = 2 at the end of the period
therefore also remains at 1/5. The same exercise conducted for the case of a
low money growth period yields exactly the same result. It is thus clear that
a uniform cross-sectional distribution is indeed a steady-state.

The implications of this for the dynamics of the average value of x, and
hence for the effect of monetary shocks on output, are now also clear. If the
distribution of firms across the xs is always uniform the average value of the
xs will always be zero. (24) therefore implies that output will be completely
unaffected by monetary shocks. In other words, there is complete monetary
neutrality at the aggregate level.

This result obviously depends heavily on the uniform cross-sectional
distribution of firms. It is therefore worth considering situations in which
the uniform distribution does not hold. First consider the case where there
are no idiosyncratic shocks, i.e. S = 1. In this case the dynamics of Q(t)
become path-dependent and the steady-state cross-sectional distribution is
determined by the initial cross-sectional distribution. Thus, if firms are all
concentrated on one value of x, that distribution will obviously also be the
steady-state cross-sectional distribution and the dynamics of the average
value of x will obviously be identical to the dynamics of an individual firm.
In this case the non-neutralities exhibited at the individual firm level will
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also be reflected at the average level. So for instance if all firms are at x = 0 a
high money growth shock will result in all firms moving to x = — 1. From
(24) it can be seen that output expands (Ay = — Ax = 1).

There is a sense, however, in which even this case can be said to exhibit
monetary neutrality. To see this, consider what happens when all firms are
at x= - 2. If a high money growth shock occurs, all firms will reset their
prices so that x moves to x = 2, i.e. Ax = 4. From (24) it can be seen that this
causes a large fall in output (Ay = - Ax = - 4). The probability distribution
over values of x for each individual firm, and thus for all firms, is uniform.
There is therefore a probability of 1/5 that a positive money growth shock
will cause a contraction of output of 4 and a probability of 4/5 that a money
growth shock will cause an expansion of output of 1. The unconditional
expectation of changes in output is thus zero. In other words, it is still
possible to argue that monetary shocks are neutral even when there are no
idiosyncratic shocks.

The second case in which a uniform cross-sectional distribution of firms
will not be present is during the transition from some arbitrary initial
distribution towards the steady-state. If, for instance, all firms start with
x = 0 it will take some time for idiosyncratic shocks to spread the firms into
the steady-state uniform distribution. This transitional phase will be
particularly lengthy in the case where idiosyncrasies are small. During this
phase there will clearly be scope for monetary shocks to affect output. This
non-neutrality will, however, be subject to the same criticism as just
discussed, namely that the unconditional expectation of changes in output
will be zero.19

Two-sided price shocks

The previous section considered the case where price shocks are all positive,
so prices only ever rise. This section considers the alternative case, where
prices can both rise and fall. The two-sided case is captured by setting a = 1
and b = — 1 so that the optimal price level follows a random walk (which is
the discrete-time equivalent of the Brownian motion process adopted in
Caplin and Leahy, 1991). It will be assumed that when x falls past - 2 it is
reset to zero and when it rises above + 2 it is also reset to zero. There are
thus five possible values for x, i.e. - 2 , — 1, 0, 1 and 2. The parameter S
which measures the size of idiosyncratic shocks can now vary between 0 and
2. When S — 2 there are no idiosyncratic shocks.

It is again possible to define Q(t) as the joint probability distribution of x,
and xt — Xj where i andy are two individual firms. The transitional dynamics
of 2(0 will differ from those described in the previous section because the
dynamics of/?* are different and because the optimal policy followed by
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firms involves two-sided impulse control of x. Note that the probability of
both firms / and j moving in the same direction is (l + S2/4)/4 and the
probability of firms i andy moving in different directions is (1 - S2/4)/4.
Thus for instance the transition matrix for #o,o(O *s n o w

T —1
1 0,0 ~ 4

0 0 0 0 0 0 0 0 0
0 0 (l-52/4)0 (l+S2/4)0 0 0 0
00 0 0 0 0 0 00
0 0 0 0 (l+S2/4) 0 (l-S2/4)0 0
00 0 0 0 0 0 00

• (33)

This takes account of the possibility that prices may fall as well as rise.
The transition matrix for #_2,-4(0 is

T =-
1 -2, - 4 4

0 0 0 0 0 0 0 0 0
0 0 (l-52/4) (l+S2/4) 0 0 0 0 0
0 0 0 (l+S2/4) (l-S2/4) 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

.(34)

This is where firm / and firmy are at opposite extremes of the range of xs.
r_2 _ 4 therefore takes account of the possibility of each firm having to reset
its price to zero.

Given the appropriate modifications to the transition matrices the
dynamics of Q(t) are again defined by (30) and the steady-state is defined by
equation (31). The solution for Q is as follows

(35)

where a = (1 - S2/4)/4 and j8 = (1 + S2/4)/4. This solution is unique for S< 2,
i.e. provided there is some idiosyncratic component to shocks. The
unconditional distribution of xt (the row sums of Q) is

SHU] (36)
and the unconditional distribution of xt — xf (the column sums of Q) is
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0^0)
3
I

0

(1-a)

2
2

(1-a)

0
0
1
1

(1-a)

1

0
0
0
2a

(1-0)
2a

0-0)

0
0
0
0
a

(1-a)

_L f a

27 L ( l -
4a

a) (1-/?) (1-a)
(l+/?-a) (5-ff)
(1-a) (1-/?) (1-a)

It can immediately be seen that the distribution of x for an individual firm
(given by (36)) is no longer uniform. It can also be seen from the definition
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of Q that in general there is no simple relationship between the position of xt
and the conditional distribution of xt— xr

A pattern does emerge, however, if the degree of idiosyncratic shocks is
reduced to zero. In this case the solution for Q is not unique but the insights
gained will also apply for the case where idiosyncrasies are very small.
Taking the limit of (37) as S tends to 2 yields the following for the
unconditional distribution of xt — Xj

[ O O i U n O O ] . (38)
This immediately reveals a very important property of the two-sided model,
namely, that there is a zero probability of x( — Xj being greater than 2 or less
than - 2 when there are no idiosyncratic shocks. Since firm / and firmycan
be any two firms it follows that all firms must have xs which are within a
range + / —2 of each other. Thus firms must be clustered with
JC = { - 2 , - 1 , 0 } o r x = {-1,0,1} or JC = {0,1,2}.

Notice that, as in the previous case, Q can be used to say things about the
cross-sectional distribution of firms. Further insights into the cross-
sectional distribution can be gained by considering the conditional distribu-
tion of xt — Xj for each value of xt. When xt= —2 the conditional distribution
ofXj-Xjis20

[0 0 H 5 0 0 0 0]. (39)

In other words, there is 1/3 probability of Xj=xt. When xt= — \ the
conditional distribution is

[0 0 \ \ \ \ 0 0 0] (40)

so again there is 1/3 probability of Xj=xt. And finally when xt = 0 the
conditional distribution is

[ O O J H H O O ] (41)

which also shows 1/3 probability o{xj=xi. (The same result holds for xt— 1
and xt = 2.) Thus, whatever level of xt is chosen there is always 1/3
probability that Xj=xt. This result, combined with the previous result that
firms are clustered within a range + / — 2 of each other, suggests that firms
are in fact uniformly distributed on that range. Thus firms are either
uniformly distributed on the range {— 2, — 1,0} or {— 1,0,1} or {0,1,2} (with
each of these distributions occurring with probability 1/3).21 It is simple to
check that this conjectured behaviour for the cross-sectional distribution is
consistent with the conditional distributions listed above.

As was emphasized above, these results are obtained by assuming that
there are no idiosyncratic shocks, i.e. 5 = 2 . But in this case the solution for
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Q is not unique. There are a number of different Qs, each corresponding to a
different initial distribution of firms. It is easy to see, however, that the
cross-sectional distribution described above is only slightly changed by the
introduction of small idiosyncrasies. For instance for S= 1.99 the prob-
ability of xt — Xj being outside the range + / — 2 is less than 0.2 per cent. Thus
the cross-sectional distribution will still involve 99.8 per cent of firms
clustered with the range + / — 2 of each other.

It is easy to check that the cross-sectional distribution described above is
a steady-state by considering a few examples of shocks. Suppose the cross-
sectional distribution of firms is given by

[ O H I O ] . (42)
If there is a high money growth shock (and assuming there are no
idiosyncrasies) all firms will find that their xs will fall by 1. Thus the new
distribution is given by

Q U O 0]. (43)
If there is a further high money growth shock the 1/3 of firms with x= - 2
will rest their prices so that x = 0. The other 2/3 of firms will simply let x fall
by 1. It is clear that this leaves the cross-sectional distribution unchanged. A
low money growth shock would cause x to rise by 1 for all firms and shift the
cross-sectional distribution to the right. This can continue until the
rightmost group of firms hits the upper barrier and resets x to 0. This again
does not affect the shape of the distribution.

It is now possible to consider the implications of this model for the
neutrality of money. (24) states that output is determined by the average of
the xs. The average of the xs in the case considered in this section is given by
the mid-point of the cluster of firms. Thus in (42) the average is 0. The
positive monetary shock which shifts the distribution from (42) to (43)
shifts the average of the xs from 0 to - 1. Thus the monetary shock causes
an expansion of output. Any further positive monetary shocks, however,
do not produce any further reduction in the average x so output does not
increase beyond 1. Negative shocks to money shift the cluster of firms to the
right and thus increase the average x and reduce output. This can continue
until the cluster of firms hits the upper barrier. At this point further negative
monetary shocks become neutral.

The overall result is that the two-sided model displays non-neutralities at
the aggregate level. The neutrality displayed by the one-sided model only
becomes apparent when the cluster of firms hits the upper or lower barrier.
And even then monetary shocks are only neutral in one direction.



356 Alan Sutherland

Conclusion

This chapter has summarized a number of the main models and results in
the literature on menu costs and aggregate price dynamics. The main results
that emerge from this literature are as follows:

1. The trigger point strategy shown to be optimal in a static framework
has its equivalent in a dynamic framework for an individual firm that
maximizes the discounted value of profits in the face of serially correlated
shocks. Such a firm holds its nominal price constant while the deviation of
its actual price from the optimal (frictionless) price is within an optimally
determined range. When shocks get sufficiently extreme the actual price is
adjusted discretely and then again held constant.

2. If the shocks hitting the economy are all in one direction (so, for
instance, optimal prices never fall) it is found that the nominal rigidity at the
individual firm level disappears at the aggregate level. This is because the
cross-sectional distribution of firms is such that there are always some firms
that are close to a price adjustment trigger.

3. If, however, shocks can be both positive and negative (so prices may
fall and rise) it is found that menu costs can give rise to aggregate price
rigidity. In this case the cross-sectional distribution of firms is more
concentrated so there will not necessarily be firms close to a trigger point.

This chapter demonstrates each of these three results in turn in models
which are generally representative of the literature. It is apparent from the
descriptions given that these models are highly restricted and stylized. This
is particularly true in the aggregate model where many simplifying assump-
tions are necessary to allow progress to be made. One of the main criticisms
that can be made of this literature is that the models are in fact so restricted
that they have no direct grounding in the microeconomics of price-setting.
There is nothing in the aggregate model described in this chapter, for
instance, that distinguishes it as a model of price-setting in particular. It
could, with minimal alteration, be regarded as a model of any variable that
is subject to lump sum costs of adjustment (e.g. employment or
inventories).

One of the main avenues of future research in this area must therefore be
to build in more of the microeconomic foundations that are appropriate to
a price-setting problem. Thus, for instance, in the aggregate model it would
be interesting to incorporate explicitly the optimizing decisions of firms. In
particular it would be productive to base this optimizing framework on a
profit function that is explicitly derived from a model of an imperfectly
competitive firm. Such a framework would allow many important issues to
be explored. For instance, it would be possible to consider explicitly the
interaction between menu costs and the degree of market power of an
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individual firm and the implications of this interaction for aggregate price
dynamics. Caballero and Engel (1993) explore some issues related to this
point. A second line of inquiry could be to investigate the interaction
between menu costs and real rigidities, thus extending the work of Ball and
Romer (1990) to a dynamic aggregate setting.

Notes

1. Caplin (1993) also surveys the main results in this literature. The purpose of this
chapter, in contrast to Caplin's, is to provide a sufficiently detailed derivation of
the key results to allow readers to pursue further work in this area. Conse-
quently the emphasis in this chapter is on technical description rather than on
discussion or assessment.

2. Ideally the aggregate framework would be built as an extension of the model of
the individual optimizing firm presented in the first section. This, however,
would be very complex, so this chapter follows the pattern of many other
studies in this area by suppressing the optimizing decisions of firms when
considering the aggregate price level. This effectively means that the second-
fourth sections of the chapter are independent of the material presented in the
first section.

3. The analysis in this section is technically quite difficult. However, as has already
been pointed out in n. 2, the second-fourth sections of this chapter are largely
independent of the material contained in this section. Readers who are not
interested in the technical details of the individual firm's case may therefore
wish to go directly to p.344 where the aggregate analysis begins.

4. It is also possible to model the two-sided problem using Brownian motion. This
is, in some ways, simpler than the compound Poisson process, but it is not
possible to generate a single-sided equivalent. A simple exposition of the
optimal adjustment rule in the Brownian motion case can be found in Dixit
(1991, 1993) and Bertola and Caballero (1990). Dixit (1991) generates an
analytical approximation to the solution of the firm's problem in the presence of
Brownian motion shocks and shows that a fourth order menu cost can generate
first order price stickiness.

5. For example suppose the firm faces a linear demand function of the form
qt — \j/t—pj2 where qt is quantity demanded and \j/t is a demand shock variable.
Assume that marginal costs are constant at 2c. The profit maximizing price for
this firm in absence of menu costs is/?* = i//t + c. If the demand shock is assumed
to follow a compound Poisson process then p* will also follow such a process.

6. Sheshinski and Weiss in fact use a more general formulation than (1) in their
model, but only in the context of a single-sided shock. The more general
formulation has the advantage that prices follow a continuous process (unlike
in (1)) but this comes at the expense of greater complexity.

7. W will not be a direct function of time because the probability structure of the x
process is not a function of time and the trigger and return points are not
functions of time (by assumption).
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8. From the definition of Win (5)

The integral on the right can be split into two parts as follows
t + dt

V(x,) = E,

t + dt

which can then be rewritten as (6).
9. The interval of time, dt, is assumed to be infinitesimally small so terms of order

(dif can be treated as being equal to zero.
10. The basic framework described here is an adaptation of similar structures in,

among others, Bertola and Caballero (1990), Caballero (1992) and Caplin
(1993).

11. In common with all menu cost models it is assumed that firms have some degree
of monopoly power. This is necessary if firms are to be price-setters. In an
imperfectly competitive market one important determinant of a firm's optimal
price is the level of prices set by other firms. In order to keep the analysis simple
this cross-effect between firms is ignored in the framework being outlined here.
Caplin and Leahy (1991) make a similar assumption, and show that it amounts
to setting to unity the elasticity with respect to the aggregate price level of each
individual firm's profit function.

12. The 'cross-sectional distribution' is defined as the observed proportion of the
total population of firms at each value of x in a given period. Thus if x can take
on values over the range - 2 to 2, then the cross-sectional distribution would be
a vector [cb c2, c3, c4, c5] where cx is the proportion of firms with x = —  2, c2 is the
proportion of firms with x= —  1, and so on for c3, c4 and c5. The average of x
over all firms would thus be given by (—  2 x cx) + (—  1 x c2) + (0 x c3) +
(Ixc4) + (2xc5).

13. Note that the assumption of a large total population of firms is maintained
throughout this and the following section.

14. The steady-state Q could also be described as the 'unconditional distribution',
in the sense that it is not conditional on information at time 0. To avoid
confusion, however, the term 'unconditional' is not used for this purpose in this
chapter.

15. In the one-sided case it is not strictly necessary to consider xt —  Xj. However, in
the two-sided case it turns out that cross-sectional distribution does not possess
a steady-state over the absolute values of the xs whereas the distribution of
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firms relative to each other does reach a steady-state. In that case it is therefore
necessary to consider the probability distribution of xt —  Xj.

16. To be precise, the term 'unconditional distribution' in this context means the
distribution of xt unconditional on the value of Xj.

17. This can be justified on the basis of the Glivenko-Cantelli theorem. See Bertola
and Caballero (1990) and Caballero (1992) for some further discussion of this
point.

18. Given xt the probability distribution of xt—Xj  (where finny is chosen at random
from the population of firms) must be determined by the cross-sectional
distribution of firms.

19. Caballero and Engel (1991, 1993) analyse the transition phase and its specific
implications for macroeconomic policy.

20. This is obtained from the first row of Q by taking the limit as S tends to 2 and
dividing by the unconditional probability of xt= —2  (i.e. 1/9).

21. The alternating nature of the cross-sectional distribution reveals the fact that
there is no steady-state in the two-sided case in terms of the absolute position of
the firms. However, as is apparent, firms do reach a steady-state distribution
relative to each other, hence the need to approach the problem by considering
the distribution of xt —  xr
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Effectiveness of policy (see Fiscal policy,
Government expenditure, Monetary
policy, Multiplier, Neutrality)

Elasticity of demand and imperfect
competition (see also
Complementarity, Demand curves,
Labour demand, Substitutability)

effects of the spending mix 18, 52-3
in OLG models and aggregate

demand 99
in OLG models and intersectoral

substitution in consumption 97,
104-5

in OLG models and intertemporal
substitution in consumption 98,
105-6

labour demand curve 21-2, 33, 38 9, 40
of price expectations 36 (see also

Expectations of future prices)
product demand curve 21-2, 33, 37,

73^ , 77 n.6, 99, 105
Endogenous growth 10, lOn.l
Equilibrium (see also Multiple equilibria)

and imperfect competition 3-4, 34,
35-41,44

Keynesian inefficiency of 4
in OLG models 15, 16,22^
low output (or 'equilibrium

recession') 237
OLG intertemporal with full

employment 113-14
OLG intertemporal with

underemployment 114-15
OLG non-stationary and non-monotonic

intertemporal 123-6
OLG symmetric intertemporal 104
OLG temporary 101^
quasi-stationary 239-40
symmetric Nash 19, 20-1, 88-90
Stackelberg equilibrium 208-9
stationary with OLG 24-5, 111-12
sub-game perfect in infinitely repeated

games 209-13
temporary 3, 36
Walrasian 34, 37

Environmental policy and business
cycle 7,22^30

optimal 226-7
pollution tax and output subsidy with

balanced budget in each
period 228-9

pollution tax and output subsidy with
intertemporal budget
transfers 229-30

with pollution tax 227-8
Environmental policy in a stationary

economy 220
and double dividend hypothesis 231
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optimal with pollution tax and output
subsidy 221-2

pollution tax and output subsidy with
balanced budget 222-3

with pollution taxes 222
unconstrained optimal 220

Espinosa-Rhee model 207
Evans-Ramey approach 308 (see also

Expectations)
Expectations (see also Hyperinflation,

Rational expectations)
and high deficit levels 328-30
and low deficit levels 325-8
and neutrality of money 49, 62 n.23
and optimality criterion 318-20
and policy reversal 330
formation technology (see also

Evans-Ramey approach) 311-14
elasticity of future prices 47-9, 60 n.2,

62 n.23, 97, 100
Externality/ies

and unions in wage setting games 40
in acquisition of information 301-2
in search models 159-65
in strategic market games 149-52
in price-setting games 157-8,162
in quantity-setting games 152-7, 162-5
macroeconomic 44—5, 147-8, 158
mechanism 142-6, 148, 168 n.21
mechanism and distributional 146
mechanism and real 146, 152-7
pecuniary 61 n. 13-14, 146-7, 167

n.17-18, 168n.26

Farmer model 46, 60 n. 1
Firms (see also Cournot competition,

Monopolistic Competition)
and continuous-time stochastic

optimization 338-44 (see also Trigger
strategies)

price-taking and multiple
equilibria 237,243

risk-averse and business
fluctuations 268 (see also
Greenwald-Stiglitz model)

Fiscal policy (see also Government
expenditure, Multiplier, Welfare
analysis)

and imperfect competition 25-6, 52-9,
69-70, 71-2

and Walrasian/Perfect
competition 68-9

in search models 71-2
Fix-price approach 3, 8, 10 n.5, 16, 23, 30,

44

similarity with menu cost models 44
Fluctuations,

and credit rationing 269-70
and financial markets in OLG

models 245-6,269
endogenous in OLG models 112-16
endogenous in OLG models and

increasing returns 119-22
endogenous in OLG models, with

substitutability and non-increasing
returns 116-19

Ford effects 104, 137n.l9

Government spending (see also Fiscal
policy, Multiplier, Welfare analysis)

and credit rationing 270
and entry and exit of firms 57-8, 62 n.

27,70
and lump-sum taxes 25-6, 54, 66-7
and proportional income taxes 26
and sectoral asymmetries 55-7
normative rules: in a Walrasian

economy 26-7; in an imperfectly
competitive economy 27-9

Greenwald-Stiglitz model 7, 268

Hart model 4, 16, 61 n.6
and money 47-9, 62 n. 19-20
and underemployment equilibrium 81,

92 n. 1,94, 136 n.3
and unemployment at zero wages 49,

50, 62 n. 24, 136 n. 11
Hedging 6,276
Hyperinflation

and currency collapse 310
and expectation formation 328-30
and rational expectation

equilibria 311-25
Hysteresis,

and efficiency wages 186, 194-5, 196-9,
201

and insiders-outsiders 186,195
and size of transitory shocks 194-5

Information, asymmetric
and financial markets 248
and investment finance 247, 252-5
and monitoring costs 256-9
between price setters 298
and RBC 262-8, 269
in OLG models 249-51

Income effect (see also Profit multiplier)
on labour supply 25-6, 35, 53-5

Income-Expenditure system 36
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Increasing returns
as a source of endogenous

fluctuations 95, 136 n.7
as a source of multiple equilibria 107-9

Insiders-Outsiders 39
v. efficiency wages 186, 195, 201-2

Interest factor, real
backward and forward dynamics of and

full employment 133-14
backward and forward dynamics of and

underemployment 115-16
in OLG models 97

Keynesian cross (see Mankiw model)
Keynesian inefficiencies (see Equilibrium,

imperfect competition)
Kinked labour cost function 186, 190-1,

204 n.l
similarity with linear adjustment

costs 190, 191
Kiyotaki (investment) model 74

Labour contracts (see also Bargaining
process, Contracts, Cooper model)

efficient 6
efficient and surplus sharing

outcome 207,208-9
nominal and coordination

failures 289-90
nominal v. real 276-7
nominal with imperfect financial

markets 283-7
nominal with perfect hedging 276-7
optimal 85-8
optimal and homothetic preferences 84,

87-9, 93 n.l0
optimal and risk sharing 87
optimal and state-contingent

variables 86
optimal and strategic

complementarities 90
optimal and symmetric Nash

equilibria 86-7, 89-90
optimal and underemployment

equilibria 82-3, 91

Labour demand (see also Demand curves,
Elasticity of demand)

dynamics of 191-3, 202-3
of imperfectly competitive firm 37-8,

39-40, 48
of Walrasian/competitive firm 37

Lerner degree of monopoly power
in OLG models 103
variability in OLG models 109-10,

122-7

Macroeconomic theory and
microfoundations (see New Keynesian,
New Macroeconomics)

Mankiw (Keynesian cross) model 5, 25 6,
53-5, 66-8

Menu costs 42-7, 73-4 (see also
Rigidities, Nominal shocks)

and common shocks 344
and double-sided shocks (see also Caplin-

Leahy model) 352-5
and idiosyncratic shocks 345
and real rigidities 46-7
and similarity with fix-price models 44
and single sided shocks (see also

Caplin-Spulber model) 346-52
and Ss price setting rules 47
dynamic v. static 337

Modigliani-Miller theorem 7
Monetary policy, imperfect

competition 41-51, 59 (see also Menu
costs, Neutrality)

with OLG, rational expectations and
objective demand curves 24—5

Money (see also Expectations of future
prices, Neutrality)

in Hart model 47-9
in utility function 36, 47-9

Monitoring costs,
and business fluctuations 262-7
and credit rationing 256

Monopolistic competition 16-24, 37-41,
66-70, 72-4, 178-9 (see also Blanchard
and Kiyotaki model, Equilibrium,
Welfare analysis)

Moral hazard
and credit rationing 248
of workers 214 (see also Efficiency

wages)
Multiple equilibria (see also Equilibrium)

and aggregate demand 74-5
and information acquisition costs 301,

303
and investment decisions 261-2
intertemporal monotonic 116-19, 133-5
and nominal contracting 281-2
Pareto ranked 8, 74-5, 95, 106-12,

118-19 (see also Coordination failures)
with price-taking firms and decreasing

returns 237,243
quasi-stationary 240-2
stationary 111-12
and stock markets 242-3
temporary 106—11

Multiplier (see also Fiscal policy,
Government Spending, Income effects,
Monetary policy)
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and nominal wage rigidity 51
balanced budget and lump-sum

taxes 23, 25-6, 54
balanced budget and proportional

income taxes 26
money multiplier 43, 48
profit multiplier, Keynesian v.

Walrasian/Classical interpretation
of 5,25-6,53-5,66-8

Natural Range 56, 57
Natural Rate and imperfect

competition 35
and demand uncertainty 173-̂ 4, 184

New Macroeconomics 1-2, 9-10
New Keynesian Macroeconomics 1-2,

8—10, 63-5, 76 (see also Menu costs,
Monopolistic competition)

and rationality, 76 n. 1
classical features of 94
v. New Classical Macroeconomics 8-9,

10, 64-5, 77 n.23
Neutrality of money 5, 24-5, 37-42, 48,

61n.9-10,62n.22
and dynamic menu costs 351-2, 356
and menu costs 42-7, 72-4
and near rational behaviour, 61 n.l 1
and nominally rigid unemployment

benefits 50-1
and non-unit elastic price

expectations 47-9
Neutrality of fiscal policy 26
Nominal shocks

and price-setters interactions 298
and price-wage interactions 296

Overlapping generations models (OLG)
stock market economy 238-240
with asymmetric information 249-51
with two-period lives and Cournotian

monopolistic competition 96-9
with two period lives and monopolistic

competition 16-22

Pagano model 58 (see also Coordination
failures)

PAYM model 5 (see also Akerlof-Yellen
model)

Pollution tax, linear 214-16 (see also
Environmental policy)

Preferences
CES 18,96-7,175
Cobb-Douglas 22, 53, 84
Homothetic 18, 33, 36-7, 46-7, 84,

87-9, 89-90, 97-8
Price (see also Menu costs, Rigidities)

determination in Keynesian models 3
determination in Walrasian/Perfect

markets 3, 15
Prisoner's Dilemma

and monopolistic competition 44-5

Rational expectations (see also
Evans-Ramey approach, Expectations,
Hyperinflation)

and experimental results 307-8
and hyperinflation models 307-8
and search models 71
in OLG models with objective demand

curves 15
v. passive adaptive learning (or least

square learning) 307-8
Real Business Cycle models 5,9-10,11 n.14

and informational asymmetries 262-8,
269

Rigidities (see also Menu costs, Price,
Wage)

price 4, 46-7, 48
real wage 6-7, 39-̂ 40, 211-13
small nominal, 50-51

Search models (see also Diamond (search)
model)

and externalities 159-65
and price-setting models 162
and quantity setting models 162-3
and rational expectations 71
matching functions 163,169-70

Shapiro-Stiglitz model 6, 7, 186, 187, 214
discrete time version of 188-9

Shirking and efficiency wages 186-9
Shleifer-Vishny model 74-5, 77 n.7 (see

also Externality, pecuniary)
Solow residual,

and imperfect competition 5
Stackelberg punishment strategy 209-10

(see also Trigger strategies)
Stiglitz-Weiss model 7
Strategic complementarities 8, 50, 68,

75-6 (see also Coordination failures,
Multiple equilibria)

and aggregate price rigidity 50
and optimal labour contracts 90
in price-setting 298, 302

Substitutability 37
intertemporal and intersectoral in OLG

model 97-8, 101, 113-14, 130-1
Sunspots 74

Trigger strategies 340^ (see also Firms,
continuous-time)

and 'value matching' conditions 341
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Underemployment
and craft unions 40-1
and environmental policy 214-16,

230-1
and OLG models 16, 114-22
and optimal labour contracts 82-3, 91

Unemployment (see also Hysteresis,
Natural Range, Natural Rate)

and implicit contracts 6
and increasing returns 58
and unions 5, 38-40, 180-4
benefits and non-neutrality of

money 50-1
involuntary 4, 5, 35, 39, 58
involuntary and efficiency wages 7, 187,

188
possibility of at zero wages 49, 50, 62

n.24
Unions (see also Bargaining process,

Labour contracts, Efficient contracts,
Optimal labour contracts)

centralized (economy-wide), 38-9, 60 n 4
craft unions 40-1
firm specific 48, 51, 179-82, 207-9
sectoral (industry), 39^0

Union objective function
expected utility of members 60 n.5
Stone-Geary 55

surplus (rents) 38, 41, 51, 61 n.8
wage bill (money wage revenue) 48,

179, 208

Wage, nominal
reservation 103
rigidity in union models 51

Wage, real
'consumption' and 'own product' 39
rigidity/cyclicality in efficiency wage

models 6-7, 194-5, 199-201, 204 n.l
rigidity in implicit contracts models 207
rigidity/cyclicality in union models 39,

40, 206
Walrasian economy 3, 34, 37, 51, 57 (see

also Neutrality, Multiplier, Welfare
analysis)

Welfare analysis (see also Multiple
equilibria)

and imperfect competition 4, 27-9,
34-5, 57, 59, 68-70, 72-3, 95

and Walrasian/Classical economy 4,
26-7, 59, 67

Weitzman model,
and underemployment equilibrium 11,

13,81
Williamson (1987) model 266-7


