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This paper constructs a complete dynamic general equilibrium model of a macro-
economy that is similar in many respects to the IS/LM model that dominated the
thinking of most macreeconemists for a generation. Unlike the IS/LM model all
markets are modeled as in equilibrium at all points in time. Since the model is
set in an overlapping generations structure in which there is incomplete partici-
pation in insurance markets, we are able to model business fluctuations that are
driven by the self-fulfilling beliefs of investors. These fluctuations are Pareto in-
efficient since agents are risk averse and would prefer a non-stochastic alloca-
tion to an allocation that fluctuates. Our model is in contrast to the real business
cycle approach that also uses a general equilibrium model but in which ail fluc-
tuations are Pareto efficient. Since the framework of our model is a complete in-
tertemporal maximizing model we are able to explain why there may be a role

Jor government in stabilizing business fluctuations.(JEL E32, D51)

1. Introduction

This paper introduces a simple model of
equilibrium business cycles that is similar in
many ways to the IS/L.M model that dominated
our thinking of the subject for thirty years. Un-
like the IS/LM model it is based on intertem-
poral general equilibrium theory and it is, there-
fore, explicitly dynamic. The model is well
suited to ask questions of interest to policy
makers. How will a specific fiscal or monetary
policy affect the dynamic response of prices,
output, and employment? Should government
conduct countercyclical fiscal policies? What
are the major sources of business cycle fluctu-
ations. Although I do not answer any of these
questions directly in the paper; I do present a
framework that can form the foundation for
quantitative assessments of the economy. Al-
though it is an equilibrium framework, it is not

one that biases the answers to the effectiveness
of pelicy in advance. The model incorporates
potential sources of market failure that may, or
may not, be quantitatively important. By con-
structing more complete general equilibrium
models, based on the framework in this paper,
I believe that we may achieve a consensus
structural model that is capable of rationalizing
the reduced form estimates of the economy that
arise from the VAR methodology of Sims
(1980).

The mode! in the paper is a variant of a dy-
namic general equilibrivm model in which
»sunspots matter».! There have been theoreti-
cal examples of these models in the literature
now for some time but none of the published

' shall use the 1erms vsunspots» (Cass and Shell, 1983),
sself-fulfilling prophecies», (Azariadis, 1981) and »Animal
Spirits» (Keynes, 1936) iterchangeably.
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examples has been capable of providing a quan-
titative explanation of the data at the same lev-
el as real business cycle theory. These examples
also suffer from a credibility problem. They
typically generate recessions as a consequence
of voluntary reductions in labor supply.® In
reality we see recessions that are associated
with countercyclical layoffs- not countercycli-
cal quits. One of the main contributions of this
paper is to explain this phenomenon within the
context of an equilibrium business cycle model
— as a consequence of the self-fulfilling expec-
tations of investors.

A second feature of the model that is very
different from either the standard Keynesian
framework, or from more familiar examples of
equilibrium business cycle models, is its expla-
nation of the monetary transmission mecha-
nism. The paper constructs a general equilibri-
um model that contains multiple rational expec-
tations equilibria. I have argued elsewhere® that
indeterminacy of a general equilibrium model
is not a problem to be dispensed with by mak-
ing clever assumptions; it is a virtue that per-
mits one to explain many features of the data
that are otherwise puzzling; for example, the
prevalent phenomenon of »sticky prices». One
might believe that indeterminacy is a feature
that should be avoided since it precludes the
ability to explain.* The model in this paper re-
solves this issue by arguing that agents use a
parameterized rule, called a belief function, to
forecast the future. I argue that the parameters
of the belief function are to be treated as prim-
itives in the same way as the parameters of the
utility function and the technology.”

2This is true of much of the sunspot literatwre that I am
aware of, Examples are Azariadis (1981), Azariadis and
Guesnerie (1986), Beaudry and Devereux (1993), Benhab-
ib and Farmer (1994), Farmer and Guo (1994), Farmer
and Woodford (1984). Rotemburg and Woodford (1992),
and Gali (1994) are exceptions. These papers contain
mechanisis that operate through countercyclical markups
which cause sunspot shocks to shift labor demand.

* Farmer (1991D), 11992), (1993).

*8ee Woodford's (1988) rebuttal of this argument.

¥The »Lucas Critiques does not apply in economies in
which beliefs can independemly influence outcomes. See my
paper »The Licas Critique, Policy Invariance and Mulri-
ple Equilibrias, Review of Economic Stadies (1991), The
concept of a belief function used in this paper picks out one
particular rational expectations eguilibrivm, We de not con-
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The paper is organized in the following way.
Section 2 contains a preview of the complete
general equilibrium model by summarizing the
main equations. Section 3, discusses the role of
the intertemporal substitution mechanism in
equilibrium models and it explains how this
mechanism is modified in the paper. Section 4
explains a theory of production in some detail.
This theory explores the dynamic implications
of Cooper and John’s (1988) concept of strate-
gic complementarities® and much of these three
sections are spent explaining how aggregate
technologies that are non convex can be made
consistent with a competitive theory of distri-
bution. The end result of this discussion is con-
tained in a theory of aggregate supply that ex-
plains why output falls when real interest rates
rise. This theory of supply is embedded, in sec-
tion 6, into a complete general equilibrium
model based on a two-period overlapping gen-
erations model of the economy.

For the reader who is interested in a quick
preview of the major results- sections 2, 5 and
6 are self-contained. These sections develop the
general equilibrium model conditional on ac-
cepting the idea that aggregate supply depends
on the real rate of interest. Section 6 describes
a theory of expectations and it traces out the
effects on the model of two »typical» shocks.
The first of these shocks is a drop in investor
confidence; the second is a monetary policy
shock in which the Central Bank raises the
nominal interest rate. The effects of both of
these shocks are traced out in the context of a
simple diagram that bears a strong resemblance
to the IS/LM model of textbook macroeco-
nomics.

2. A Preview of the Main Arguments

This paper constructs an intertemporal gen-
eral equilibrium model.

sider the issue of learning as in the papers by Evans (1983)
or Marcet and Sargent (1989), However, in related work
John Duffy (1994) has shown that out of equilibrivm learn-
ing mechanising can converge te equilibria of the class that
we consider in this paper.

4 See also Howiti and Macafee (1988), (1992} for work
that uses strategic complementarities 10 generate sunspot
equilibria, Bryant, {1983} uses a similar idea.
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The notation is fairly standard, Y is domes-
tic product, r is the real rate of interest, i is the
nominal rate of interest, P is the price level, M
is the stock of money, B is the stock of govern-
ment debt, I is new investment and $ is savings.
The dynamics of the model are represented by
the rational expectations assumption:
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where Et is the expectations operator condition-
al on date t information. The model is closed
by the government budget constraint:
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I have left taxes out of this exposition and so
this final equation serves only to define the
value of government spending for any given
level of debt and money. Since I will be phras-
ing my argument in the context of the two pe-
riod overlapping generations model the third
equation that represents »investment equals
savings» will also represent asset market equi-
librium. I shall also be assuming 100% depre-~
ciation of capital. These two oversimplifications
imply that the young people in my model will
hold the entire capital stock plus the entire stock
of government debt.

The Role of Intertemporal Substitution

An important element of equilibrium busi-
ness cycle theory is the idea that households
substitute leisure intertemporally. Figure 1 illus-
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trates this idea in the context of a diagram that
depicts labor market equilibrivm. The labor de-
mand curve is a decreasing function of the real
wage and an increasing function of the exist-
ing stock of capital, K. The labor supply func-
tion is increasing in the real wage and increas-
ing in the real rate of interest as a consequence
of intertemporal substitution of leisure between
periods in response to perceived changes in
intertemporal prices. An increase in the real
interest rate from r; to r, causes an increase in
labor supply, (an outward shift of the labor sup-
ply schedule), a fall in the equilibrium real
wage from (W/P), to (W/P), and an increase in
the equilibrium level of employment from L, to
L,. It is a mechanism of this kind that under-
lies the early attempts of equilibrium business
cycle theory to explain the economic conse-
quences of monetary fluctuations.”

The intertemporal substitution mechanism
has been widely criticized for its implication
that employment fluctuations over the business
cycle are generated by voluntary movements in
labor supply, rather than by fluctuations in la-
bor demand. It is typical during recessions for
the economy to experience a reduction in em-
ployment as a consequence of an increase in
layoftfs; separations are initiated by firms rather
than by workers. It is difficult to reconcile this

W
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Figure 1. Labor demand and supply in a »standard»
rational expectations model.

7 The 1972 JET paper by Robert Lucas, »Expeciations
and the Neutrality of Moneys is the most famous example
of a rational expectations model of this kind.
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evidence with an equilibrium mode! in which
employment variations are described by a shift
of the labor supply curve.

As a response to the criticism that the inter-
temporal substitution mechanism is unrealistic,
equilibrium business cycle theory changed di-
rection. In the 1980’s equilibrium theorists de-
veloped the idea that most economic fluctua-
tions are the consequence of persistent shocks
to the technology and for the last decade this
idea, »real business cycle theory», (RBC) has
been the major focus of macroeconomic re-
search in the United States. Whilst the RBC
mechanism is relatively successful at capturing
confernporaneous movements in quantities, it
does not do a good job of explaining why
movements in nominal magnitudes can affect
output. It is also difficult to find convincing ex-
planations for sources of real disturbances that
are coordinated across sectors in the way that
i1s necessary to understand the comovements
that we observe in US output. In a typical busi-
ness cycle all sectors of the economy contract
and expand together. To explain a movement of
this kind with a real business cycle model one
must understand how productivity shocks can
affect all industries at the same time. In the ab-
sence of a well documented source of such co-
ordinated shocks, many economists remain
skeptical of the RBC explanation.

This paper modifies the intertemporal substi-
tution mechanism in a way that can account for

ol

L| L2 L

Figure 2. Labor demand and supply in the model de-
veloped in this paper.
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the correlation between real and nominal mag-
nitudes that we observe in fime series data.
There are two main threads to the argument.
The first is a development of recent research on
»coordination failures» which suggests that the
aggregate technology may be non-convex and
that labor demand curves for industries as a
whole may be mildly increasing as a function
of the real wage.® The second thread is the idea
that the capital goods industries and the con-
sumption goods industries do not produce per-
fect substitutes. Since the output of the capital
goods industries typically produce a return in
the future; the relative price of capital goods to
consumption goods will be linked to the real
rate of interest. In the model that I will describe,
fluctnations in the rate of interest will cause
movements of labor demand rather than of la-
bor supply.

Figure 2 depicts labor market equilibrium.
Unlike the intertemporal substitution that drives
familiar examples of rational expectations mod-
els, the idea in this paper is that a shift in the
expected real rate of interest may increase la-
bor demand. In terms of figure 2 this change in
expectations is depicted as an upward shift of
the labor demand curve which drives up the
wage from (W/P); to (W/P); and the level of
employment from L, to L,.

I have drawn Figure 2 with an upward slop-
ing labor demand curve to reflect the assump-
tion of increasing returns to scale. In a compet-
itive model without this assumption, an expan-
sion of labor demand emanating in the invest-
ment goods industries would induce an offset-
ting contraction in the production of consump-
tion goods as competitive firms cut back on
their demand for labor in the face of an increase
in the real wage. But the presence of increas-
ing returns to scale implies that an increase in
the demand for labor in one sector may gener-
ate an increase in employment in all sectors si-
multaneously as the increased incomes gener-
ated by an increase in employment permit the
economy to make more efficient use of econo-
mies of scale.

8 This work includes the evidence of Baxter and King
(1991}, Caballero and Lyons (1992), Domowitz, Hubbard
and Petersen {1988}, and Hall {1986), (1987), (1988).



3. Industrial Structure

Consumption Goods and Capital Goods

In section (3), I am going to derive two func-
tions that I refer to as the aggregate supply
curve, and the investment schedule. These are
the functions
® Y = I(y).and 1 = Ig),
that appear in the capsule summary of the
model in section 2. Section 3 describes assump-
tions about the production technology and it ex-
plains the implications of a theory of monopo-
listic competition for the tabor and product mar-
kets. The payoff to this discussion is contained
in section 4 that uses a theory of labor market
equilibrium to derive the two schedules referred
to above.

The model has two productive sectors that |
refer to as the consumption goods industry and
the capital goods industry, The output of the
consumption goods industry will be represented
as Y,© and the output of the capital goods in-
dustry as Y,* and I will use the symbol P, (with-
out a superscript) to mean the money price of a
consumption good and PX (with a K super-
seript) to mean the money price of a capital
good.

What is a Capital Good?

Standard macroeconomic models impose the
assumption that capital goods and consumption
goods are perfect substitutes in production and,
as a consequence of this assumption, the rela-
tive price of consumption goods and capital
goods is unity. As an alternative to the stand-
ard approach, in this paper I will adopt a set of
assumptions that allows me to recognize that
the relative price of capital goods to consump-
tion goods may differ from unity. The technol-
ogy that I will work with can be written as:

M ¢ =K + L)
® Y0 = eLY)
(9) YLK = Kz-H
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where L€ denotes labor in the consumption sec-
tor and L¥ is Iabor in the capital goods sector,
The first equation says that a consumption good
can be produced either by using labor or by
using capital, the second says that a capital
good can be produced using only labor and the
third equation combined with the first equation
implies that a capital good produces exactly one
consumption good in the subsequent period.
These assumptions amount to assuming that
there are two techniques for producing final
output. One technique preduces consumption
goods immediately. The other technique is a
roundabout production method that takes an
additional period. This roundabout technique
produces an inventory of goods-in-process in
the first period (this is the stock of goods, K).
In the second period these goods-in-process
turn into perfect substitutes for the consumption
good.?

Measuring Economic Activity

Gdp is one variable that one might use to rep-
resent economic activity. Rather than use gdp,
however, T am going to use an alternative mea-
sure that bears a simple relationship to wage in-
come. This alternative measure is the net do-
mestic product, Y, or domestic income.!? Since
1 have maintained the assumption of 100% de-
preciation, the net domestic product is equal to
the value of gdp minus the value of the capital
stock:

K
Y, = GDP, - K, = Y + DyK
1

(1o

¥ This technology is a special case of a two-sector econ-
oty that is represented, in its most general form by the
equations: (1) €, = F(K5, LE), (2} K - (1 - 8K, = G(KF,
LF), and {3) K, = KF + KX, where the superscripis K and
C denote industry, and the functions F(+) and G(*) are the
sectoral technologies in the consumption goods and capi-
tal goods industries.

10 Since there are no indirect taxes in this economy the
{net) domestic product is also equal to domestic income.
One could alse define the gross domestic income as:

GNL= 2Ly 4 Mgy

13 1
where rr, is the rental rate on a machine. Since a machine
produces one unit of the consumption good rr must equal
P in equilibrium from which it follows that rental income
is identically equal to depreciation.
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To arrive at Gdp one would add in the value
of the consumption goods produced from inven-
tories of capital (assumed to equal K). The main
benefit of using Y, to measure economic ac-
tivity, rather than Gdp, is provided by the fact
that it is identically equal to the wage bill.

W
(mn Y, = WP%_[ "

This convenient simplification follows from
two assumptions. The first is that there is free
entry in all industries which implies that, in
equilibrium, economic profit will be equal to
zero. The second is that the only primary input

i etther sector is labor.

Industrial Structure in the Two Industries

This section discusses industrial organization
in the two industries. I will show that fixed
costs may imply that industry demand curves
for labor are increasing in the real wage, This
will be an important component of the theory
of economic fluctuations developed in the pa-
per since it will explain how disturbances in one
sector may be amplified through comovements
across all sectors. The end result of the discus-
sion will be summarized by two diagrams that
depict the relationship between labor input and
industry output and between the product wage
{defined below) and industry demand-for-labor.

Specialization and the Role of Fixed Costs

A good deal of recent work on strategic com-
plementarities has explored the idea that the
comoverments across sectors that we see during
business cycles may be transmitted through
non-competitive elements in production.!! In
this paper these non competitive elements will
arise from the presence of fixed costs that cre-
ate an incentive to concentrate production into
relatively large units. Although producers of
individual commodities have some monopoly
power, the extent of this power is limited by

1 Some of the work in this area inciudes Beaudry and
Devereux (1993), Chatterjee and Cooper (1993), Cooper
and John {1988), Cooper and Haltiwanger (1993), Hall
(1986), (1990), Klenow (1991}, and Shea (1993).
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competition with other industries that produce
imperfect substitutes. To capture this idea for-
mally I wiil think of the consumption good that
enters utility, Y, as a composite good that is
produced from a range of intermediate inputs,
Ci using a technology F(e)'%:

a2 Y= F[Cl,Cz,....CM) -

2 (]

The term M represents the number of inter-
mediate goods, and € measures the degree of
substitutability between inputs.' When e=1,
the intermediate goods are perfect substitutes,
when O<e<1, (the case I consider here) they
are imperfect substitutes and when <0 they
are complements.

A value of € between zero and one captures
the idea of the benefits of the division of labor
since it implies that the total product is increas-
ing in the number of intermediate goods. Sup-
pose that we think of each intermediate good
as hours of labor devoted to a single task and
suppose that there are L hours of labor in total
to be used to produce the final product Y©.
the hours of labor are divided equally amongst
M tasks then the total quantity of output pro-
duced will be equal to:

ml—

LY l-g
a3 YC = M[ﬁ) =MEtL

1
€

which, as long as € is between zero and one, is
increasing in M. If there were no limit to the
division of labor, efficient operation of this
technology would require an infiniie degree of
specialization across different tasks. A natural
limit to the division of tasks is suggested by the

12 Logically, this way of posing the problem has the same
structure as one in which the »intermediate goods» direct-
fy enter wiility and the function F{=) represents a wility ag-
gregator. For expositional purposes, however, it will be sim-
pler to think of the final package of commodities as assem-
bled by a competitive final goods industry.

3 M is chosen endogenously and may be a real number
(integer constraints are ignered). To be formally correct one
conld think of a continuum of conmmaodities, each being in-
Sinitesimally small,



existence of fixed costs: learning the necessary
skills or moving from one location to another
for example. To incorporate this idea we could
modify the technology in the following way:

o Y- {M(&R_Aﬂ _

I-e !
MeL - MEA

T | —

where A is a fixed setup cost associated with
each task. When we incorporate setup costs in
this way, the production of the final good is
a concave function of M with a well defined
maximum. For example, when & = 1/2 the func-
tion is a quadratic in M with a maximum at
M=AL2

Since each task involves the payment of a
fixed cost there will be a natural tendency for
tasks to be specialized in the hands of a single
producer. This idea is modeled by thinking of
production as organized into two layers. Final
goods are produced by a competitive industry
that uses the technology described in equation
(14). Each intermediate good is produced by a
monopolistic competitor using the technology:
s ¢ =1 - A

In the following subsection I will show how
an industry that is organized in this way would
operate in equilibrium. I will impose the as-
sumption that free entry of firms drives the
profits in the final goods industry, and in each
of the intermediate industries, to zero, and I will
derive a relationship between the real wage and
the employment in the industry that I refer to
as the labor demand curve.

Industry Production in Equilibrium

In this subsection I am going to ask three
questions; what determines the number of in-
termediate producers, M? what determines the
volume of labor employed in the industry, L?
and what determines industry output Y<? To
answer these questions I will impose the as-
sumption that the industry is in continuous equi-
librium in every period in the sense that there
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are no unexploited profit opportunities.

To explore the implications of the zero prof-
it assumption I will make use of the profit func-
tion of a producer of consumption goods:

E_“lpi
PYci—ME(—J.
P

This function, which is derived in the appen-
dix, describes the profit that would be made by
a firm that produces Y© units of the consump-
tion good by choosing an optimal mix of M in-
puts when all inputs have the same price, equal
to P' and when the output price is equal to P.

A second property that I derive in the appen-
dix is that the profit maximizing intermediate
goods producer will choose to set price as a
fixed markup over marginal cost:

an  plo= w
£

(16) ﬂ(?i,P;YC) -

Using this pricing rule one can describe
the profit of an intermediate producer as an in-
creasing function of scale:

(as) 1= %((lwe)ﬂ— A].

Suppose, for a moment, that the number of
intermediate producers is fixed at some number,
M. In that case the final goods producers will
make positive profits whenever

i Ie
a = ‘

and negative profits whenever the reverse in-
equality holds. This argument implies that the
final sector will display a horizontal input de-
mand schedule as a function of the relative in-
put price. But since P! is sel as a fixed multiple
of the wage this demand schedule will translate
into a horizontal demand curve for labor by the
industry as a whole. This industry demand for
labor is depicted in figure 3.

If the industry were competitive, the horizon-
tal labor demand curve would be the end of the
story. But there is a relationship between scale
and marginal product that is not captured by the
horizontal demand schedule. This relationship
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Figure 3. Industry demand for labor when the number of intermediate producers is fixed.

is reflected in the profit of an intermediate pro-
ducer (equation (18)) which is an increasing
function of scale. Since each intermediate pro-
ducer faces fixed set-up costs, there will be a
minimum efficient scale of operation, defined by
the equation

Q0 L A

l-¢

that will just permit the producer to cover its
costs. Whenever intermediate producers are
employing more labor than A/{(]1 — g), they will
make a positive profit and whenever they are
employing less they will make a negative prof-
it. If the industry as a whole hires L units of la-
bor, and if there are M intermediate producers
of equal size, the total industry use of labor

must be at Jeast equal to

M-

21
2D e

for the individual producers to make a profit.
I L exceeds MA/(1 —¢) then intermediate pro-
ducers will make positive profits and there will
be entry into the industry. If L is less than MA/
(1-g) then intermediate firms will make a loss
and there will be pressure for firms to leave.
The above arguments suggest that one can
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divide the plane into four regions as in Figure
3. Points below (above) the horizontal line

£

W=.€ME

(22)
are points of positive (negative) profits in the

final goods industry. Points to the right (left) of
the vertical line
M

-

23) L
are points of positive (negative) profits in the
intermediate goods industry. For any number,
M, there is a unique pair (W/P,L) with the prop-
erty that profit in both stages of the industry is
equal to zero. By parametrically increasing M
ohe may trace out a locus of points that is as-
sociated with zero profit equilibrium in the in-
dustry as a whole: this locus, depicted in the
lower panel of Figure 4, is referred to as the in-
dustry labor demand schedule. Algebraically it
is defined by the expression:

&
(2
P

where ky is a function of the parameters A
and £. One may also derive an equation linking

(4 1P



Finnish Economic Papers 2/96 — R. E. A. Farmer

L=M-A
W A I—¢
P |
Negative profit | Positive profit
for intermediate = ! for intermediate
goods firms : goods firms Negative profit
W e | for final goods firms
ﬁ =M ¢ O
I

When there are |
M firms this is |
the unique point
for which there are |
zero profits in i
both stages of |
production |

|

Positive profit
for final goods firms

L

Figure 3. Industry demand for 1abor when the number of intermediate producers is fixed.

is reflected in the profit of an intermediate pro-
ducer (equation (18)) which is an increasing
function of scale. Since each intermediate pro-
ducer Taces fixed set-up costs, there will be a
minimum efficient scale of operation, defined by
the equation

A

l-¢

o L =
that will just permit the producer 1o cover its
costs. Whenever intermediate producers are
employing more labor than A/(1 ~ €}, they will
make a positive profit and whenever they are
employing less they will make a negative prof-
it. If the industry as a whole hires L units of la-
bor, and if there are M intermediate producers
of equal size, the total industry use of labor
must be at least equal to

M_‘f‘_
1-¢

Qn

for the individual producers to make a profit.
If L exceeds MA/(1~-¢) then intermediate pro-
ducers will make positive profits and there will
be entry into the industry. If L is less than MA/
{1~g) then intermediate firms will make a loss
and there will be pressure for firms to leave.
The above arguments suggest that one can
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M, there is a unique pair (W/P,L} with the prop-
erty that profit in both stages of the industry is
equal to zero. By parametrically increasing M
one may trace out a locus of points that is as-
sociated with zero profit equilibrium in the in-
dustry as a whole: this locus, depicted in the
lower panel of Figure 4, is referred to as the in-
dustry labor demand schedule. Algebraically it
is defined by the expression:

&
kq (y__)l—a
P

where k; is a function of the parameters A
and £. One may also derive an equation linking

(4) LP



the production of final commodities, Y©, to in-
dustry use of labor. This equation is derived by
recognizing that, in a zero profit equilibrium,
each intermediate firm will produce:

¢ = A

25
(25) T

and the number of intermediate producers must
equal;
1-¢
(26 M = L——-mo:
) A
Replacing these expressions in the final
goods production function:

1

@n Y¢S = MsC

leads to the reduced form industry production
Junction

1
@  Y¢ = K (LD)E
where the constant k, also depends on the pa-
rameters A and . It is equations (27} and (24)
that are graphed in the top and bottom panels

of Figure 4.

The Capital Goods Industry

I have described the functioning of the con-
sumption goods industry under the assumption
that there are fixed costs associated with the
production of intermediate goods. In this sub-
section I am going to show how the capital
goods industry can be modeled in the same way,
The results for the capital goods industry will
mirror those of the consumption goods indus-
try- with one exception; the product wage in
the capital goods industry is the money wage
divided by the price of capital goods. This fact
implies that if one derives the demand for la-
bor in this industry, as a function of the wage
measured in consumption goods, that this
schedule will be shifted by changes in the rela-
tive price of capital goods. This relative price
is itself related to the real rate of interest.

I will assume that the structure of the capital
goods industry is identical to the structure of the
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Industry 4

OQutput
The production

function in a

typical industry

o
o

Industry use of labor

~c|g

The demand for labor
by a typical
industry

Industry use of labor

Figure 4. The Aggregate Production of a typical in-
dustry.

consumption goods industry. There is a final
capital good that is produced from a range of
N intermediate capital goods according to the
technology:
1
N, .8l
YK = B} (K‘)
1

29

I have maintained the assumption that the
capital goods technology uses the same aggre-
gator as the consumption goods industry since
this makes some of the algebra more manage-
able; nothing of importance hinges on this as-
sumption. The constant B is important, how-
ever, since it reflects the relative productivity
of the two technologies. When we describe the
equilibrium of a complete economy, B will help
to determine the relative size of the two sectors.
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Each of the N intermediate capital goods is
produced by a monopolistic competitor using
the technology:

30y K= 1} - A,

As with the consumption goods industry, the
demand for labor will be a function of the real
wage. But since the price of capital goods may
differ from the price of consumption goods, the
output of the industry will be sensitive to rela-
tive prices. The relationship between the real
wage in the capital goods industry and number
of firms that is consistent with zero profits in
the industry is defined by the expression:

£

W 1-g

(3) N = ,
(BEPK]

where P is the price of capital goods. Since
these capital goods will turn into consumption
goods in the following period, the price of a
capital good will be related to the rate of in-
terest by the expression:

P El[M] = (l+r)

PlK Pl+1

(32

where 1, is the real rate of interest between pe-
riods t and t+1. The denominator of the left
hand side of the equation, PX, is the cost of
buying one unit of the capital good in period &
In the subsequent period this good will produce
one unit of consumption that can be sold for
price Py,. This is the denominator of the right
hand side of the equality which must be
weighted by the term that appears in the numer-
ator, the interest factor (f +1).

By the same arguments that were used to
construct the aggregate technology in the con-
sumption sector; this technology defines an ag-
gregate demand for labor in the capital goods
industry of the form:

E

and an aggregate relationship between produc-
tion and labor use of the form:

e YK = xy (LD)EI.
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4. The Aggregate Supply Curve and
the Supply of Capital Goods

In this section I am going to derive two rela-
tionships that are building blocks for the gen-
eral equilibrium model that I laid out in the be-
ginning of the paper. The first of these relation-
ships is between the real rate of interest, r,, and
net domestic product, Y,, and I refer to it as the
aggregate supply curve. The second is between
the value of investment goods produced in any
period and the real rate of interest and I refer
to this relationship as the investinent schedule.

Deriving the Aggregate Supply Curve

The aggregate supply curve describes the do-
mestic product of an economy that has the in-
dustrial structure described in the previous sec-
tion, for any given value of the real rate of in-
terest, assuming a particular form for the labor
supply schedule The italics in the previous
sentence emphasize the fact that the domestic
product cannot be determined in a general equi-
librium model without making some assump-
tions about the behavior of households. In this
section I am going to make the assumption that
the labor supply in the entire economy is an in-
creasing function of the real wage. In the sub-
sequent section I will write down a utility func-
tion for a two period lived household that is
consistent with this assumption and I will show
how to construct a two period overlapping gen-
erations model that allows the aggregate sup-
ply curve to be written as part of a fully speci-
fied general equilibrium model.

Figure 5 depicts a graphical derivation of ag-
gregate supply. The center panel of this figure
represents the demand-for-labor in the con-
sumption goods industry,

£
(2
P

and the far right panel depicts the labor demand
schedule in the capital goods industry;

> kg(m]rf:

P

@s) P =
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Figure 5. Equilibrium in the Labor Market when there are two monopolistically competitive industries,

Notice that the labor demand schedule in the
capital goods industry can be written as a func-
tion of the real wage, (W/P) and of the real rate
of interest. In other words, the schedule in the
right hand panel of Figure 5 that is depicted as
function of the real wage alone is shifted by
changes in the real interest rate. The left hand
panel of Figure 2 depicts the economy wide la-
bor demand schedule that is derived by adding
up the labor demand in the two industries:

e &
a6 0 =K (%)"5 + kg[mw(;i-. r)]l'a,

together with a labor supply schedule of the
form:

S LA
i I8 o= |2,
@ %)

The parameter v is the inverse of the labor
supply elasticity with respect to the real wage.
The equality of the demand and supply of la-
bor determines the real wage as a function of
the real rate of interest and domestic product is
equal to the real wage times labor supply. The
aggregate supply curve is derived by equating
the demand and supply for labor and writing the
real wage, W/P as a function of the rate of in-
terest. W/P is the solution to the equation,

1 £

{

I_E} = [kl + k3 (l+l’)‘1m_ng

which I will write as a function

W
39 A
(39 b

o(r).

Notice that m(r) is a decreasing function as
long as (1/y) < (e/I—¢) which is the condition
that the slope of the labor demand curve with
respect to the real wage should be flatter than
the slope of the labor supply curve.

One of the features of the US data is that the
real rate of interest is not strongly correlated
with aggregate economic activity. A theory that
relies on a strongly cyclical interest rate to gen-
erate a transmission mechanism from policy to
employment is not likely to be successful. It is
therefore interesting to ask, under what condi-
tions the theory that we are discussing will gen-
erate an aggregate supply curve that is relatively
flat. Equation (38) holds the answer to this
question: when the slope of the labor demand
curve, (¢/1—g), is equal to the slope of the la-
bor demand curve, 1/y, the labor market deter-
mines the real rate of interest. In this special
case, any teal wage and any level of employ-
ment is consistent with labor market equilibri-
um. When the slopes of the two schedules are
close, a small change in the real rate of interest
will, have a large effect on the real wage and a
large effect on employment.

Using the function w(r) it is possible to de-
rive the aggregate supply schedule that we de-
scribed at the beginning of this section. The ag-
gregate supply curve is the relationship between
net domestic product {equal to the wage bill)
and the real rate of interest:
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@an Y =

1
i(r) = of)fo)] = [oE)] Y.

Notice that the slope of the aggregate supply
schedule has the same sign as the slope of the
wage schedule w(r) and it inherits similar prop-
erties. In particular, aggregate supply is a de-
creasing function of r as long as labor demand
does not slope up »too steeply» and the sched-
ule is flatter the closer are the demand and sup-
ply elasticities in the labor market.

Deriving the Investment Schedule

I have described how the domestic product
of the economy depends on the rate of interest
under the assumption that the labor market is
in equilibrium. It is also possible to describe the
value of the output of the investment sector un-
der the same assumptions about household be-
havior. The relationship between the value of
investment, PXYX, and the real interest rate, r,
will be an important component of the complete
equilibrium model since it determines the de-
mand for savings on the part of the corporate
sector.

It should be apparent from Figure 5 that a fall
in the rate of interest will not necessarily gen-
erate an increase in employment in the invest-
ment goods industries since there are two ef-
fects going on that work in opposite directions.
Formally, the demand for labor in equilibrinm
can be described as a function of the rate of in-
terest by substituting the function ®(r) into
equation (33):

* =

& Vi—g(l+y E
k?,{kI + k3(1+r)1,.3] ( )(1+r)1_,s

41

= 11X,

The interest rate appears twice in this expres-
sion. The first appearance reflects the effect of
the interest rate on the real wage and it is un-
ambiguously negative. The second appearance
reflects the upward shift of the investment de-
mand schedule which tends to reduce employ-
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ment for any given real wage. In this paper [
will impose the assumption that the wage effect
dominates and that the demand for labor by
capital goods producers rises when the interest
rate falls. The closer are slopes of labor demand
and labor supply, (the closeris £ (1+y) to 1), the
more likely it is that this condition will hold.

The investment demand schedule is defined
as the relationship between the value of invest-
ment, (PYP)YE, and the rate of interest.

K 1

) = LoyX - Lr ka (L))

42
“2 P I+

Since the relative price of capital goods is
equal to 1/(1+r1) the first part of this expression
is unambiguously decreasing in r. The assump-
tion that LX is a decreasing function of r is suf-
ficient to imply that I(r) is decreasing in r.

The Relative Slopes of I{r} and f{r)

A final property of the schedules f(r), the ag-
gregate supply schedule, and I(r}, the invest-
ment schedule, concerns their relative slopes.
This property will be an important determinant
of the dynamics of the complete model that we
will explore by drawing a diagram that bears a
strong resemblance to the 1S/LM model. To de-
rive the relative slopes, notice that:

@ Y = —4—vK 4+ «C

I+r
If we define a function Y<(r) that relates the
output of the consumption goods industry to the
real rate of interest, this definition of domestic
product can be written in terms of the functions
f(r), I(r) and Y&(@):

() = 1) + Y.

The slopes of these functions are related in
the following way:

. c
ws) &MY

= — + .
or or or

(44

Since YS(r) is a decreasing function, it fol-
lows that

M ¥ is increasing in the real wage and the real wage is
a decreasing function of «.
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Both numbers are negative, but a fall in the
interest rate will have a larger effect on domes-
tic product than on investiment.

5. The Behavior of Households

So far I have described the behavior of an
economy in which labor supply depends only
on the real wage. In this section I am going to
close the model by embedding the production
sector in a two period overlapping generations
economy. I will derive the labor supply curve
from assumptions about preferences of the
agents, and I will show how the model behaves
in the face of alternative kinds of shocks to be-
liefs and to policy.

Utility Functions

I am going to populate the model with two
period lived agents with preferences repre-
sented by:

T+y
L
@n U= Eg[ciﬂ](ck—liva[

where m, = M/P,, L, is labor supply and C? is
the consumption at date t of the generation born
at date s. I have chosen a specification for
which the agents of the model are risk neutral
since nothing critical in the argument will hinge
on risk. A second point to note is the way that
have dealt with money. Although this i3 an
overlapping generations model, the money of
the model will not be a perfect substitute for
government debt, Real balances are included as
an argument of the utility function to capture
the exchange motive for holding money.

A third feature of these preferences involves
the fact that consumption when young and la-
bor supply enter utility in a separable form to
simplify the labor supply function (labor sup-
ply will depend only on the real wage). Prefer-
ences of this kind are often criticized in the con-
text of representative agent ecconomies since
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they are not consistent with growth that arises
from exogenous productivity increases. It is not
difficult, however, to maodify the preferences to
allow for growth to arise from, for example, in-
creases in the productivity of a Jabor endow-
ment,

A more serious criticism of the model might
focus en the fact that it assumes two period
lives. I have chosen this structure for exposi-
tional purpeses; I want to focus on a particular
class of dynamic adjustment in the economy
that arises as a consequence of expectational
adjustments. I have chosen the two period OG
model as a device to exposit the main idea be-
cause it is possible, in this model, to strip away
the additional sources of economic dynamics
that arise from wealth effects in consumption
and from the accumulation of capital. The three
equations that describe equilibria in this model
are not designed to form the foundation for an
empirical investigation of the US economy;
however, I would not expect that it would be
very difficult to expand the model in a way that
would be suitable for such a purpose.

Budget Constraints

The budget constraints of the agents in the
model are represented by the equations;

@8 Cip + M, + B, + PXK s WL,
Constraint when young
@9 CisiPuyt S Bk, + By(l+i) + M,

Constraint when old

Pulting these two equations together leads to
the expected life cycle constraint
t
EL[Cl-i—l]
(] + r{)
Expected life-cycle constraint

i
1+i,

G0 Cf + m, £ oL,

Recall that r, is defined as the expecred real
rate of interest, The risk neutrality assumption
implies that the young individual is indifferent
between the certain return from holding capi-
tal, PX/P, and the uncertain return from lending
to the government, (1+i)P/P,,. The term
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o, = W /P, is the real wage, i, is the nominal rate
of interest on one period bonds issued in period
t for redemption in period t+1, and B, is the
quantity of these bonds held by the young
agent. The term K, represents a capital good
which costs P* in period t. Capital goods in this
economy produce a single unit of the consump-
tion commodity in the subsequent period.

Demand and Supply Functions

The solutions to the household’s problem are
represented by the functions:

1
(50 Ly = {oy.

3+7)
52 ¢ ( L, @,
i 3(1'*'7) t -t
E/|cC!
53) L[ 1+1] ¥ Ltmtf
(1+1) 3(1+7)
iy i
54 = Ly oo.
&9 Tri, 3(1+7) L%

Since the wage bill is equal to domestic
product, L, in each of these demand functions
may be replaced by Y.

6. The Complete Intertemporal
General Equilibrium Model

At the beginning of this paper I wrote down
a capsule summary of a complete general equi-
librium medel. 1n this section I am going to
show where the four equations that summarize
this model come from; and I am geing to trace
out the effects of two disturbances to this
model. The first of these disturbances is de-
signed to form the foundation for a theory of
business cycles based on »sunspots» or »animal
spirits». The second is designed to show how a
theory of fluctuations that is based on animal
spirits can explain the monetary transmission
mechanism in a fully specified equilibrium
model without invoking unexplained barriers to
price adjustment.
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The Equations of the Model

Equations (55), (56) and (57) form the core
of the model. Equation (55) is the aggregate
supply curve that we derived in some detaii in
sections {4) and (5). Equation (56) is a liguidi-
ty preference schedule that arises from the
equality of the

G5 Y, = (),
Agprepate Supply (AS)
6 oo Y, k{iy),
P
Liquidity Preference (LM}
B M
7D ?l‘ + ?LL + I{n) = sY,.

Asset Market Equilibrium (IS)

demand and supply of money where the func-
tion k(i) is defined as the constant k multiplied
by (1+i)i:

(58) Ll

Lt
Y
3(t+y)
Equation (57) equates the savings of young
agents

and k =

Savings = Y, - CI = sY,
where s= 2y
3(1+7y)

with the two uses of these savings; private in-
vestment, I(r) and loans to the public sector
(M, +Bp/P,.

To determine the dynamics of the model, the
real rate of interest is defined by the rational
expectations assumption:

R J0zin]

39
P

(1+rl) =

I am going to assume that fiscal policy in this
economy is defined by a sequence of values of
M +B that are set by the fiscal authority. In line
with the monetary policy that has been followed

1



for much of this century in the US I will assume
that the central bank manages the mix of debt
and money in order to fix an interest rate tar-
get; in other words, the Central Bank pegs the
rate of interest,

The Nature of Equilibrinm in the Model

I have set up the model in a way that permits
the beliefs of agents in the model to affect out-
comes in a rational expectations equilibriim.
In a standard rational expectations model the
beliefs of the agents are pinned down by the
economic fundamentals, In this economy there
are many possible ways that agents might form
their beliefs, each of which is consistent with
the rational expectations assumption. These al-
ternative sets of beliefs are reflected in a mul-
titude of Markov equilibria each of which con-
verges to an invariant probability measure. '3

To describe sequences of variables that con-
stitute equilibria in this economy, notice that for
any value of (B+M)/P, there will be a unique
solution to equations (53) and (57) considered
as simultaneous equations in Y and r. By re-
placing the function f{r} into equation {57) and
defining the function

v(r) = sf(r) — 1(r),

one may write the equilibrium solution for P as
a function of r and (M+B):

(60)

M+3B

b= w(r)

(6D)

Now replace this function in the definition of
the real rate of interest:

!

1 The main idea in this paper, that beliefs should be o
central determinant of a macroeconomic maodel, is dis-
cussed in depth in my book The Macroeconomics of Self-
Fulfilling Prophecies, MIT Press, Cambridge MA 1993, For
a discussion of the idea of sticky prices in equilibrium see
Farmer (1991b), {1992}, (1993). For an early exposition
of the idea in a simple two period OG model see Farmer
and Woodford (1984).

(1+3,) (M, + By ye(r ;1) .

(62)
W(r ) (M1 +Besr)

(1'”()
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to arrive at a functional equation that must be
satisfied by any sequence of probability distri-
butions for r. A rational expectations equilibri-
um is a sequence of probability distributions for
r that satisfies this functional equation. As an
example of one such equilibrium, suppose that
agents believe that the Wall Street Journal is al-
ways correct in jts forecasts and let g be a ran-
dom variable with mean zero that represents
forecasts of the Wall Street Journal about the
behavior of real interest rates. Then one equi-
librium in this economy will be represented by
the Markov process in r, that is generated by the

equation:

This process satisfies equation (62} by con-
struction and, as long € has small support, one
can show that it defines a Markov process that
converges to an invariant distribution. This fol-
lows from the fact that the difference equation
(63) that comes from setting g, to zero is sta-
ble. Familiar examples of rational expectations
models lead to unstable difference equations
that must be solved forwards to find r, as & func-
tion of all future values of B and M. I have been
careful to construct an example of a model with
an indeterminate steady state. Since inflation-
ary expectations are connected to the real rate
of interest by the equation

Pyl _ (1+i,)
P, (1+1,)

the mechanism described in equation (64) de-
termines one possible method by which agents
in the model could forecast future prices. If they
use this method, the economy will experience
fluctuations in economic activity solely as a re-
sult of the beliefs of the investors in the model
which are represented by different realizations
of the »sunspot» variable, €,

Although there are many possible equilibria,
in the absence of a specification of beliefs, this
should not disturb us as scientists. It means that
one needs to specify a belief function, such as
equation {64}, in order to close the model. A
working hypothesis is that this belief function
remains stable through time which is an as-

1+5_7 + ) W(r_1)(M+By)
(1+i1)(M_1 +Bi_y)

63 1 = \y"l[(

(64}

]
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sumption that should not prove any more dis-
turbing than the heroic assumption that agents
have stable preferences.

Beliefs and Business Cycles

Figure 6 depicts the path of a typical reces-
sion in this economy that might be induced by
an unfavorable prediction of the Wall Street
Journal. In particular, it depicts the outcome of
a negative draw of € in period 2, followed by a
sequence of values of £ equal to zero. Figure 6
begins in period 1 at a long run steady state de-
picted as point A. In period 2 investors expect
that the real rate of interest will be higher and
this causes them to reduce their demand for la-
bor in the capital goods industries. This change
in expectations is represented in figure 6 as a
leftward shift of the IS curve generated by an

ASI

1S2MaBmz)  ISHMEBPT)

Y
Figure 6. A recession induced by loss of investor
Confidence

ASL

ISIM+B/P])

ISAM+B/P2)

Y

Figure 7. A recession induced by a monetary contrac-
tion.
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increase in the contemporaneous price level.
Prices movements that are induced by belief
shocks would be expected to be countercycli-
cal in this model in contrast to the standard
Keynesian IS/LM transmission mechanism.

Figure 6 does not work quite like the familiar
IS/LM model of textbook Keynesian eco-
nomics. The level of economic activity is de-
termined at a point in time by the intersection
of the 1S and AS schedules, for any given value
of P and (M +B). The L.M curve is horizontal
reflecting the assumption that the Central Bank
picks the money rate of interest and it is drawn
as a dashed line to emphasize that the LM
schedule is picking the money rate of interest,
not the real rate.

In period 2 of the model the equilibrium is
at point B with a higher real rate of interest and
a lower level of domestic product. In subse-
quent periods, prices fall as long as the real rate
of interest exceeds the nominal rate at i. These
price falls are associated with rightward move-
ments in the IS curve that eventually retorns to
point A,

Business Cycles and Nominal Shocks

One of the most difficult features to capture
in a macroeconomic model is the response of
the economy to a nominal shock. Impulse re-
sponse functions in US data indicate that an in-
crease in the nominal rate of interest has little
or no impact in the period at which it occurs.
Over time, output ceatracts building up to a
peak response about nine months later.'® Figure
7 depicts the effect of a nominal contraction in
the medel of this paper. In period 2 the LM
shifts from LM] to LM2. If agents use equa-
tion (64} to forecast real rates, and therefore in-
flation, this shift has no effect in the current
period. In the subsequent period the increase in
nominal rates opens up a gap beiween real and

% There are several excellent sources documenting these
paiterns in the US data, See for example, Sims (1989),
»Models and their Uses», in the American Journal of Agri-
cultural Economics. More recently, Bernanke and Blinder
(1992), Gertler and Gilchrest (1991), Christiano and
Eichenbawm (1992a), (19926), King and Warson (1993)
fave been engaged in systematic attempts to dacument the
short run effects of monetary policy.
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nominal rates that induces inflation, T terms of
Figure 7, the IS curve shifts to the left and this
leftward expansion continues until the econo-
my reaches point B at a new higher real rate.
Notice that business cycles that are associated
with nominal shocks will generate pro-cyclical
prices.

7. Conclusion

For many years, the IS-LM model provided
a pivotai role in analyzing aspects of the role
of policy in macroeconomics. The apparatus
was widely discredited as a consequence of the
apparent inability of the model to understand
the appearance in the 1970’s of the emergence
of the simultaneous occurrence of inflation and
unemployment, so called stagflation. However,
the 1S-1.M apparatus is still widely used by pol-
icy makers and journalists. Proponents of the
approach claim that some version of IS-LM,
supplemented with a »Phillips curves siill does
a reasonably good job of tracking data. In this
paper I have tried to recover some of the ideas
that drive the IS-LM model in the framework
of an intertemporal maximizing model. The key
is to replace the non-market clearing view of
the labor market with an alternative modei that
rests on the idea of indeterminacy in a general
equilibrium model. The ultimate success of the
approach will rest on more realistic models that
can be calibrated to data, and I am currently
engaged in a research agenda that does just this.
However, in order to make assessments of the
effects of policy I still find a version of IS-LM
a useful guide. This paper has tried to explain
why 1 take this view and to explain exactly what
variant of the model I believe may be useful.
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Appendix

This appendix derives the profit functions
discussed in the body of the paper. Let YX be
the production function of the capital goods in-
dustry. Then the profit of a final goods producer
in this industry is given by:

N ..
TP'K'

i1

(A1) TIt= YEp¥

Define the profit function of an arbitrary firm
in this industry as:
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H(Pl,Pz,_..PN,PK,YK)

(A2) max,, [P"YK ipi K*]

] =

KN

YK

i=]

such that B[

Assuming a binding constraint, the first or-
der conditions for this problem are given by:

i=1

i
) N, T e

(A P+ JLB[E(K') }E (k') "2 o0

where A is the multipler associated with the in-

equality constraint. Rearranging terms gives:

-1

. -
a9 K _Y(ws) .

Replacing this expression for the i'th inter-
mediate demand into the production constraint
yields the expression:

(A5) Y¥ =

B[g(}(*)c]% -

N[ pi x:-"er" CE
o3 () 0

which yields an expression for A, the shadow
value of increasing output:

L T
(A6) GJ"‘ = Brlf{i(l)‘)ﬁ?} .

i=i

Replacing this expression in the i’th demand
function leads to the expression:

i=1

1
w e v i

The profit function is found by replacing
(A7) in (Al):



(A8) n(p',p*, PN PY YY) =

pryX N[ P Y
B = P

The profit function in the consumption goods
industry is identical to this expression with the
exception that B=1 and P* is replaced by P.

For the special case when all intermediate
goods are identically priced (A8) reduces to:

i-&
—E

(A9) H(P",P*‘,Y") =

K+ K el i
P*Y B - NT P
B PR )

which is the expression referred to in the body
of the paper.

Consider the problem of a typical intermedi-
ate goods producer facing the demand curve:

i
(Al0) C' = AC [i}‘""
Pl
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Prefits are given by

atny 11 = pic - wii

and the technology is represented by:
(a12y ¢! - A

The solution to the problem of maximizing
profits, taking (A10) as given is to set price as

a fixed markup over marginal cost:

(A13) P! = w
£

and the profits of the i"th producer are given by:
(A4 I' = P'(L-A) - WL

which, when firms use the optimal pricing rule,

are equal to:

W
£

(A15) T = —{L/~ A —eL').
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