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ANIMAL SPIRITS, TECHNOLOGY
SHOCKS AND THE BUSINESS CYCLE

Mark WEDER*
July 1, 1997

Abstract

In this paper a two-sector growth model allowing indeterminacy to
occur at relatively mild degrees of increasing returns is developed. It is
shown that these economies of scale need only be present in one sector
of the economy (investment). This feature of the model, therefore,
builds on evidence that was recently reported by Basu and Fernald
(1996). The model is also able to solve some puzzles of business cycle
research which standard Real Business Cycle models have not been
able to. The introduction of animal spirits generates a low negative
contemporaneous correlation of hours and productivity as well as a
procyclical investment share. The model can account for the observed
variability of hours worked.

* Keywords: Sunspots, technology shocks, economic fluctuations, Dunlop-Tarshis-
puzzle.
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1 Introduction

The last few years have witnessed a revival of business cycle models in which
beliefs of agents (or animal spirits) have played a leading role in explaining
economic fluctuations.! Most of these models involve strong economy-wide
increasing returns to scale in order for sunspot equilibria to exist. In a re-
cent paper, however, Basu and Fernald (1996) present evidence that returns
to scale are far from evenly distributed across the U.S. economy. In par-
ticular,they report that scale economies are present mainly in the domain
of durable goods production. In the nondurable goods sector of the U.S.
economy evidence of increasing returns to scale cannot be found.

The innovation of this paper is to demonstrate that Basu and Fernalds’s
(1996) findings can be used within a two-sectoral optimal growth model to
generate non-uniqueness of rational expectations equilibria. It is assumed
that each of the two sectors produces a list of intermediate consumption
goods or investment goods respectively. The number of these goods is fixed
and each intermediate good is produced by one industry each. 1 consider
Cournot competition in each industry. Endogenous entry and exit of firms
in each product’s industry results in a variable mark up. Indeterminacy
arises at returns to scale of around 1.15 in the investment sector alone. This
indeterminacy can then be exploited so that animal spirits can be introduced
as a driving variable in order to generate cyclical behavior of the model as
in Farmer (1993).

Although the debate on business cycles was revived as a result of the
new literature on self-fulfilling expectations, it is indisputable that recent
developments have failed to produce a widely accepted paradigm as of today.
The principal problem of the mentioned work is the dependency on degrees of
scale economies and market power that are not suggested by (most) empirical
studies. The exception is Benhabib and Farmer (1996) who seem to have
found an escape out of this dilemma. They are able to show that by working
with a two-sector optimal growth model the extent of increasing returns
that is needed to obtain indeterminacy can be reduced significantly.? The
principal difference between their work and mine is that these authors do not

1See for example Farmer (1993), Farmer and Guo (1994), and Schmitt-Grohe (1995).
?The abnormal behavior of two-sector growth models was already examined in the
sixties (for example Shell, 1967).
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consider any asymmetry of scale economies of the sort reported by Basu and
Fernald (1996). A further distinction is that they do not use oligopoly as I
do.

Technology shocks will not be dismissed as a source of economic fluctua-
tions in this work altogether. I will entertain the idea of a coexistence (and
coimportance) of both shocks in the economy as in Farmer and Guo (1995)
and others.®> They have found that demand and supply shocks account for
about the same magnitude in explaining business cycles in the U.S. post-war
period. Another reason for considering two simultaneous shocks was given
by McGrattan (1994), Baxter and King (1991) and others. According to
McGrattan, the major problems of the standard Real Business Cycle model
are the predictions of variability of hours and the impossibility to account
for the Dunlop-Tarshis puzzle.* These deficits can be overcome once additio-
nal disturbances (to technology shocks) are introduced. McGrattan (1994)
assumes stochastic taxation as well as shocks to government expenditures.
Baxter and King (1991) obtain a similar result when preference shocks are
introduced into the Real Business Cycle model. Both of these works are able
to generate a low correlation of hours and productivity.® The intention of this
work is to demonstrate that these and other complications of Real Business
Cycle models can also be solved within a general equilibrium model in which
both animal spirits and technology shocks are the forcing variables.

The paper proceeds as follows: Section 2 presents the model. The eco-
nomy’s steady state and its dynamics around it will be derived in section
3. In section 4 the model is calibrated. This is followed by two exercises;
the first will establish parameter constellations at which indeterminacy is
possible and the second will compute model statistics to assess the model’s
business cycle properties (sections 5 and 6). Section 7 concludes the paper.

3See for example Gerlach and Smets (1995).

*The Dunlop-Tarshis puzzle implies that real wages and labor input move acyclical to
each other.

>Christiano and Eichenbaum (1992) consider stochastic government expenditures plus
technology shocks.
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2 The model

The economic model developed is a two-sector extension of a baseline Real
Business Cycle model as in, for example, King, Plosser and Rebelo (1988).
It is assumed that the markets for investment goods and consumption goods
are characterized by oligopoly.”

2.1 The household

I will assume that the economy consists of a representative household. The
household supplies labor and capital services to the firms on competitive
markets. [ assume that the representative agent has expected lifetime utility

B[y B'U(Cu ) | T (1)

where U(.) is instantaneous utility, C; is a consumption index, [; leisure time,
B the discount factor and Z; the set of information available at {. Consump-
tion of the households is defined by a CES-aggregator over all differentiated
goods available (normalized to unity):

1
C; ::(U/‘<7gtdcy/“. (2)
0

The number of consumption goods is constant. Consumption is a function
of the consumption level of an assembled variety of the differentiated goods
indexed by ¢. Each of these goods enters the aggregator symmetrically. For
v < 1, the goods are imperfect substitutes. Analogously to the definition
of the consumption bundle, an aggregator for the investment good, [I;, is
defined. Again it is a CES-function of the purchases of the differentiated
products:

1
L= ([ 1, 3)
0

fSee also Christiano and Fisher (1995).
"Another work which includes oligopoly in the Real Business Cycle framework is Gali

(1995).
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The number of investment goods is constant. The period-by-period budget
constraint of the household is given by

1 1
/ PeetCepde + / piitlide = w Ly + ¢ Ky + 11 (4)
0 0

Here p.c: (piit) is the price of the consumption (investment) good ¢ (7).
Both prices are taken as given for the households. w; is the nominal wage.
Furthermore, the household receives profit income from all existing firms II;.
Households own the stock of capital K; and rent it out to the firms at the
rental price ¢;. All factor prices and profit income are taken as given for the
households. Households are endowed with one unit of time per period which
they can either use for leisure or work L;:

1=1L+1,. (5)

The following specific functional form for periodic utility is assumed:

B

L) =1 —_—
U(Ctv t) Ogct‘l'l_l_x

L with y <0. (6)

B is a constant. The consumer’s capital holdings evolve as
[(H_l — (1 - 5)[(15 —|— ]t7 (7)

where ¢ is the rate of depreciation. The household maximizes (1) subject
to (4), (5) and (7). As is well known for this class of models, maximization
can be conducted as a two step procedure. The current-periodic household
expenditure functional of consumption goods subject to C; is given by

1,
=, 1=

E(pc,c,tv Ct) = Ct(/ pcl,:zjs dc) v (8)

0

where p..; 1s a function of the consumption goods’ prices. By applying

Shephard’s Lemma in the first step, the conditional demand can be derived

as

., = (Ztye= g, (9)
pc,t
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which has a constant price elasticity. Here

1, »
per = ( / PTde) (10)
0

is the exact price index for the consumption goods. The conditional demand
becomes

I, = (Bityesy, (11)
Pit

and
L e e—1
P = ( / pITdi) (12)
0

Given the conditional demands, I am able to derive the intertemporal opti-
mality condition for the household. In symmetric equilibrium, the only case
to be considered in this paper, the household buys the same amount of every
product: C.; = C; (and I;; = I;). The prices of all goods equal. Finally,
I use the price of the consumption goods in equilibrium as the numeraire
and, without loss of generality, normalize it to unity. The budget constraint
transforms into

Co+pedy = wely + g K + 11 (13)

p: can be interpreted as the relative price of investment goods in symmetric
equilibrium.

The second step of the household’s optimization program consists of com-
puting the optimal path of spending and working. Fach household chooses
a sequence {Cy, Ly, Kiyq}52, subject to Ky and to the distribution of tech-

nology innovations (see below). The first order conditions can be written as
8

C7l =X =0 (14)

B(l — Lt)X — )\twt =0 (15)

8Here ); is the current value Lagrange multiplier associated with the household’s re-
source constraint.
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BEAiy1(qer + (1= 0)pega) | L] — Aipe = 0, (16)
plus the household’s period-by-period budget constraint
wely + K+ 1, — Cp — pdy =0 (17)
and the transversality condition

lim E[ﬂt+5_1)\t+5_1[(t+5 | It] =0. (18)
(14) and (15) describe the household’s consumption-leisure trade off and (16)
is the standard intertemporal optimality condition.

2.2 The firms

One significant modification of conventional Real Business Cycle modelling is
considered: I assume that consumption and investment goods are produced
in two distinct sectors. Households can move their labor and capital services
freely and without costs between the two sectors.? It is also assumed that
product markets are oligopolistic. Factor prices are given for the individual

firm and household.

2.3 The consumption goods sector

The part of the economy that produces consumption goods consists of sub-
sectors, each producing a differentiated product. The measure of subsectors
is normalized to one.!'® There are N.; firms supplying their single good j
every period . Each firm j supplies its product in sector (market) ¢ un-
der the assumption of Cournot competition. N., must not necessarily be
constant. Costless endogenous entry and exit of firms will be allowed.

Firm’s y output Y. ;, is related to capital input K. ;,; and labor input L. ;;
according to the production function

Yoje=Coje=Z(KS; LS5 — 6, (19)

9A possible and realistic extension of the model would be the introduction of limited
mobility of labor and capital.

10Basically both sectors of the economy are the same in structure. Therefore, only the
sector that is discussed first is described in detail.
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where ¢ is overhead costs. Z; is the state of technology which evolves as
10g22+1 ::plog‘Zt+-ZH4, 0 < p < 1.

Units have been chosen to make the conditional mean F[Z;] = 1. The se-
quence {z;} is a normally distributed white noise process with zero mean and
constant variance 2. Given the assumption on the form of competition, the
firm’s program can be written in the specific Cournot form

CC7_j7t —I_ Cc7j7t

c )U_lpc,tcc,j,t —wilejt— qi ey (20)
¢

max Il ;+ = (

subject to its production function (19). p. ;. is the price of the firm’s j good
(in market ¢) and C, _;; is the supply of all other firms in sector ¢ which is
taken as given for every firm j. The cost function of firm j is given by

C&Lt+‘¢
Zy

2=

Clwy, qr, Cejr) = Agiwy ™" )7 (21)

where the constant A is defined as A = (L)l_cy + (%)7“. Each firm j

11—« 11—«

maximizes its profits (20) given the quantity supplied by others. Optimality
requires that

(v = )peji(Ceji + Cc,j,t)_lcc,j,t + Pe,jt (22)
[} — C‘c7 5 i
= %Qt ;51 (%ﬂb)7 !

holds. (22) equalizes marginal revenues and marginal costs. Marginal costs
are decreasing (increasing) for v > 1 (v < 1). At every period in time the
number of active firms is implicitly determined by the zero profit condition

C&Lt+‘¢)
Zy

2=

PejiCejt = Agiw ™% ( : (23)

Inserting the optimal pricing rule into the zero profit condition yields

PejitCegi = V(0 = 1)(Cormja + Ceit)  PejtCejt + Peja)(Ceja + ¢). (24)

In symmetric equilibrium N.,C. ;s = Coy = Cy, Noy = Nyand peji = pey =1
hold, where the last equality follows from the normalization that was already
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made in section 2. Equation (24) has the aggregate correspondence in sym-
metric equilibrium of!'!

v—1

o 1 Z KL N (25)

CtZV(

The term 1 + %%~ is the inverse of the markup in the consumption goods
sector. Note that the markup is decreasing in v which implies that a low spe-
cialization of the input goods translates into a low degree of market power.
The markup is also decreasing in the number of firms. That is, the mo-
del predicts a countercyclical pattern of the markup. This is supported by
empirical evidence summarized by Rotemberg and Woodford (1991).?

Combining the optimal markup rule (22) with the conditional demand
for labor, it is possible to derive the (equilibrium) wage rate as

L e e, (26)

At et ct

we = (1—a)y(l + -

c,t

Accordingly, the rental rate of capital is given by the term

—1
L VZ(K®, Lo KTL (27)

c,J,t cyt) c, 7t
c,t

g = ay(1+

Note that this simple aggregation of the conditional demands does not yet
yield the actual rental prices. These demands must be combined with the
equilibrium value for V.4, as given by the zero profit condition.

2.4 The investment goods sector

There are M;; firms supplying their respective investment good j in sec-
tor (market) ¢ every period ¢.'* The market structure and the production

UEquation (25) can be rewritten as

C, = yo(v — 1+ Ny)
t= T o1y
1—y(F +1)
which states, for example, that for a given number of firms Ny, a rise of overhead costs
must be met by a rise in sales of consumption goods C; (otherwise the number of firms
must decrease). Also, a fall in v and a fall in Ny increases the production of consumption
goods.

12See also Burda (1985).

13Again the letter j denotes the individual firm.
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technology in the investment goods sector are essentially the same as in the
consumption goods sector. Each firm j supplies its product in sector j under
the assumption of Cournot competition. It operates under the technology
Yige = lije = Zi(K2,Li50)" — T (28)
Here [; ;; is the amount of output to be sold by the jth firm in sector ¢. K,
and L; ; are capital and labor input of firm j at £. I' is overhead costs when
operating the firm. Fach firm j solves
Lioiit Lje s
max I ;; = (%)9 "piilize — Clwe, gu, 1) (29)
where I; _;; is the supply of all other firms in sector ¢. The sequence of
deriving a firm’s optimal program in the investment sector is the same as in
the consumption sector. Again the number of equilibrium firms is determined
by free entry and exit. In symmetric equilibrium, the zero profit condition is
given by

0—1

t

I = ( FZRLYTT M (30)

The optimal inverse factor demands are implicitly determined (in symmetric
equilibrium) by

we = (1 = a)ppe(1 + V2K Liy)" My "L (31)

t

and

g = anpi(1 + VZo(KE L) MK (32)

t

2.5 Factor markets in symmetric equilibrium

By combining (14), (15), (25) and (26), labor input in the consumption goods
sector 1s given as

(1 —a)L7} = B(1 = L) (33)
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Aslong as y # 0, L., and L; move in opposite directions, labor input in the
consumption sector is countercyclical. This is an unrealistic feature of any
two-sector optimal growth model with endogenous labor supply.

The continua of firms in the two sectors rent factor services from the same
market. Combining the factor market clearing conditions (26), (27), (31) and
(32) yields an equalization of factor intensities in the form

K., K, K
Ley  Lip Ly

(34)

Finally I define overall sales Y; as the measure of output in the economy.'*
Sales are given by

}/t = Ct —|— pt]t- (35)

3 The equilibrium dynamics

This section describes the steady state and the dynamics of the model eco-
nomy.

3.1 The steady state of the economy

The steady state is given by the following list of equations (36 to 40). Omit-
ting the time index refers to steady state variables.

Blp=q+ (1 —=0)p (36)
5= 1/K (37)

oN B N—-—~(v—-1+N)
c y(v -1+ N) (38)
M M —n(0—1+ M) ()

I n@—1+ M)

14Tn this model I measure aggregate economic activity by sales and not by overall pro-
duction which would include the overhead. However, it can be shown that the general
results are not affected by the particular choice of an output measure.
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Equations (36) and (37) are generally found in Real Business Cycle models.
(38) and (39) can be interpreted as follows: both equations are the steady
state versions of the zero-profit condition for each of the two sectors in the
economy. The left hand side is the ratio of overhead to output in each sector.
(38) can be interpreted as follows: assume a rise in v, that is, a lower market
power for each firm in the consumption sector market, implying that the left
hand side of (38) must decrease. For a given overhead and C', the steady
state number of firms falls. The same result occurs for an increase in § and
v (n). For a given overhead and C', the steady state number of firms falls.
Similar results occur for an increase in 6 or v (7).

3.2 The solution mechanism

The following section describes the dynamics of the economy near its steady
state. Since the Second Welfare Theorem does not apply because of the
existing market power, the dynamics cannot be derived by means of the
social planner problem. I therefore use the solution method described by
King, Plosser and Rebelo (1988), which involves approximating the necessary
and sufficient first order conditions into a first order linear system.'?

Define the vector {2, according to'®

Qt - [Ct7 1/257 ]t7 uA)h th7 Lt7 Lc,t7 Li,h [(C,IH I(’i,t7 Nt7 Mt]/' (40)

The vector of controls is related to the relative price, to the capital stock and
to the technology (the vector of states) as
: b

Jth — J2 ](t (41)
Z;

where J; and J, are 12x 12 and 12 x 3 matrices respectively. The loglinearized
versions of the Euler equation, the budget constraint as well as the technology
process relate variations in p, K and Z to changes in €;:

Elpig | Zi] A
J3(L) A[(H—l - J4(L)Qt+1 (42)
ElZ | T

15See also Woodford (1986) and Uhlig (1995) for justifications of this method.
1677, denotes the percentage deviation of the variable U; from its steady state value U
at t.
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where the J;(L)s are matrix polynomials in the lag operator L at most power
of one. The last two equations can be combined to yield

Elpig | Zi] P 0
[(H_l - J ](t —|— 0 (43)
Zt_|_1 Zt 241

where J is 3 X 3. A three-dynamical system describes the economy’s dy-
namics. The eigenvalues of J must be evaluated at the steady state. The
system contains: one predetermined variable, the stock of capital, [{’t, one
endogenous (nonpredetermined) variable, p;, and one exogenous (nonprede-
termined) variable, Z,. Thus, if all eigenvalues of J are inside the unit circle,
the rational expectations equilibrium is non-unique. This will be analyzed
in the following section. The calibration method will be applied to check if
indeterminacy has realistic relevance.

4 Calibration

Parameter value determination will follow in the Real Business Cycle tra-
dition. Steady state values of the model will be matched with estimates
of average growth rates and great ratios. First a baseline model structure
will be defined. Without setting fixed values for all variables, the regions of
realistic calibrations will be shown.

To calibrate the model as close as possible to established Real Business
Cycle theory, I will set parameters as proposed in existing studies. Quarterly
6 is equal to 0.025 and « (the capital share) is set at 0.36, which is standard
in Real Business Cycle models (see for example Hansen, 1985).

Basu and Fernald (1995) report estimates for increasing returns from 1.00
to 1.26. However, their preferred point estimate is 1.03. In their work, the
regression was restricted by assuming that returns to scale are the same over
the economy. Basu and Fernald (1996) show that economies of scale are
largely heterogenous across the economy, however. For durable goods manu-
facturing, they report significant increasing returns with a point estimate of
1.36 (their Table 3).'™ For the production of nondurables, on the other hand,

"Depending on various estimation methods, the point estimate ranges from 1.07 (still
significantly different from one) to 1.46.
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(insignificant) diminishing returns are reported. Based on these results, it
will be assumed that the consumption sector in the present model displays
close to constant returns. This is a key assumption in this paper. These va-
lues restrict the region of the parameter space in which a realistic calibration
can be undertaken.

The markups over marginal cost are given by

I N
MC v—14+N

for the consumption goods sector and by

P M
MC ™ 9—1+M

for the investment goods sector. The last two equations each possess one
degree of freedom. For example, if I fix both the markup and v in the
consumption goods sector, the number of steady state firms N is uniquely
determined. The same holds for the investment goods sector.

Information does not exist in the empirical literature concerning the mag-
nitude of the elasticity of substitution of investment and consumption goods
in the aggregate. In models of monopolistic competition, the elasticity of
substitution and the markup are interdependent since they are exactly in-
verse to each other. Consistent with the assumption of Cournot competition,
the markup also depends on the number of incumbent firms. Basu and Fer-
nald report markup margins from 1.00 to 1.26. Morrison (1990) reports the
markup to be around 1.14. However, all of theses authors assume that the
markup is homogenous over the economy. In light of the mentioned evidence
in Basu and Fernald (1996), I will assume that the markup in the investment
goods sector significantly exceeds the one in the consumption goods sector.
Choosing a value for the steady state markup then determines the number
of firms in the respective sector. I further assume that the inverse of v (6)
always equals the markup as a normalization.

[ assign a value of L = 1/3, implying that the representative agent spends
on average one third of her time endowment working (see also Hansen, 1985).
Note that in the case of Y = 0, the model’s labor market corresponds to the
Hansen (1985) and Rogerson (1987) indivisible labor market formulation.
Labor supply becomes infinitely elastic. At y = —1/2, the model possesses
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a labor supply elasticity of 4, which is the same as in the King, Plosser and
Rebelo (1988) baseline Real Business Cycle model.

Next I will calibrate the ratio of consumption to output in the model
economy. Kydland and Prescott (1990) report that total consumption ex-
penditures amount to 80 percent of output net of government expenditures.
If only expenditures on nondurables and services are considered, the ratio
falls to 68 percent. I will fix the ratio of consumption to overall expenditures
at 75 percent. This is done by adjusting the preference parameter B.

The rate of return in the model is given by

1—-96
ryy = 241 + ( )Pt 1

Pt

which implies in steady state

1
r=2_§=2-1

p &
where the last equality follows from (36). 1 set discount rate 3 = 0.99.
This assumption is standard in Real Business Cycle models. Using the last
equation, the choice implies a rate of interest of four percent. K; can be
computed from
0—1

_q o ~an—1 7 (1—a)n 3 71—
S Y g LYK M7 — 6.
r= o~ T DETT L

K. is given by K;L./L;.

5 Results

In the first part of this section, I will evaluate the regions of parameter
constellations in which indeterminacy can arise. Second moments are derived
in the latter part of the section.

5.1 Eigenvalues

The occurrence of indeterminacy will be analyzed first. Indeterminacy is
present in the model as long as both roots of the matrix .J are inside the unit
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circle. However, since the analytical solution of the matrix J is muddled,
a numerical procedure is considered here. Table 1 considers the parameters
which are not changed in the analysis unless otherwise noted.

| Table 1: Parameters |
L B « vl |6 8
1/3 | 2.55 | 0.36 | 1.03 | 0.025 | 0.99

Considering the assumptions made, Table 1 implies that the markup in
the consumption sector is equal to 1.03. This value is also the measure of
increasing returns in this sector (see also the Appendix).'® A certain degree
of scale economies is assumed to justify market power in the consumption
goods sector. The choice for B implies a consumption share of around 75
percent (the exact value depending on the remaining calibration).

The parameter space in which indeterminacy arises will be reported. Ta-
ble 2 displays regions for indeterminacy for alternative values of scale econo-
mies in the investment goods sector. The labor market follows Hansen (1985),
that is x = 0. Marginal cost are constant in both sectors: v =7 = 1.00.

| Table 2: Roots of Model |

| 61 | Root 1 | Root 2 || stability |
1.10 1.108 0.926 saddlepath stable
1.15 1.152 0.908 saddlepath stable
1.20 1.412 0.850 saddlepath stable
1.225 | 0.810+0.2251 | 0.810-0.2251 || stable
1.25 | 0.945+0.148 1 | 0.945-0.148 1 || stable
1.30 | 0.977+0.098 1 | 0.977-0.098 1 || stable
1.35 | 0.985+0.078 1 | 0.985-0.078 1 || stable
1.40 | 0.989+0.067 1 | 0.989-0.067 1 || stable
1.45 | 0.992+0.0591 | 0.992-0.0591 || stable

Table 2 shows that the present model does not require unrealistic scale

18]t can be shown that the results reported in this paper are not dependent on the
numerical choice of v. The basic features of the model carry over for different calibrations
of v. In particular, v — 1 does not pose any problems for the results that are reported in
this paper.
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economies in order to produce indeterminacy.'® The model is indeterminate
at increasing returns to scale in the investment goods sector of 7! = 1.22.
Existing one sector animal spirits models which were summarized in Schmitt-
Grohe (1995) require increasing returns in excess of 1.75 for variable markups
and 2.31 for constant markups if the models were calibrated in the same way
as in the present model.?° This result therefore indicates an improvement to
previous work.

Table 3 repeats the analysis for nonconstant marginal costs. In particular,
it is assumed that marginal costs are increasing: v = n = 0.95.

| Table 3: Roots of Model |

| 61 | Root 1 | Root 2 || stability |
1.20 | 1.218 0.888 saddlepath stable
1.24 | 0.716 -0.189 stable
1.25 | 0.845+0.2161 | 0.845-0.216 1 || stable
1.30 | 0.96940.1141 | 0.969-0.114 1 || stable
1.35 | 0.983+0.0861 | 0.983-0.086 1 || stable
1.40 | 0.988+0.0711 | 0.988-0.0711 || stable
1.45 | 0.99140.0621 | 0.991-0.062 1 || stable

This Table shows that indeterminacy is possible with upward sloping
marginal costs schedules. The minimum required returns to scale is still not
outside of what is considered realistic.

Table 4 considers diminishing marginal costs in the investment sector,

n =1.10 (and v = 1.00).

19The matrix J contains a third root which equals the parameter p. Since technology is
assumed to be stationary, the third root is always inside the unit circle and is not reported
in the Tables.

20In particular concerning the labor supply elasticity and the assumption on the value
of .
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Table 4: Roots of Model

| 61 | Root 1 | Root 2 || stability |
1.10 | 1.412 0.852 saddlepath stable
1.14 | 0.700 0.028 stable
1.15 | 0.811+40.2251 | 0.811-0.225 1 || stable
1.20 | 0.963+0.1251 | 0.963-0.125 1 || stable
1.25 | 0.980+0.0911 | 0.980-0.0911 || stable
1.30 | 0.986+0.0751 | 0.986-0.075 1 || stable
1.35 | 0.989+0.0651 | 0.989-0.0651 || stable
1.40 | 0.992+40.0681 | 0.992-0.058 1 || stable

18

Assuming decreasing marginal costs decreases the returns to scale that
are needed to produce indeterminacy. They can be close to absent in the
consumption sector and around 1.14 in the investment sector. These values
are well within the reported scale economies in Basu and Fernald (1996).

Until now I have demonstrated the results in an indivisible labor envi-
ronment only. In the following Table 5 it is assumed that y = —1/2, which
is the same labor supply elasticity as in King, Plosser and Rebelo (1988). 1
assume constant marginal costs (and B = 2.1).

Table 5: Roots of Model

| 61 | Root 1 | Root 2 || stability |
1.20 1.119 0.924 saddlepath stable
1.25 1.179 0.904 saddlepath stable
1.30 | 2.607 0.820 saddlepath stable
1.325 | 0.898+0.174 1 | 0.898-0.1741 || stable
1.35 | 0.953+0.1291 | 0.953-0.1291 || stable
1.40 | 0.977+0.0921 | 0.977-0.092 1 || stable
1.45 | 0.985+0.0751 | 0.985-0.0751 || stable

For lower labor supply elasticities, the scale economies needed are higher

but still within the range that was reported in Basu and Fernald (1996).
Moreover, the value of 1.32 is still lower than the point estimate of 1.36 in
Basu and Fernald (1996).2" Therefore, my model does not rely on unrealistic

labor supply elasticities in order to produce indeterminacy. It is also of

21Basu and Fernald (1996) report a wide array of estimates ranging from 1.10 to 1.50
depending on the particular method that is employed.
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interest that Basu (1995) notes that his results point to the case that observed
scale economies do not come from decreasing marginal costs (as in Farmer
and Guo, 1994, or Benhabib and Farmer, 1996), but rather from overhead. It
is shown that decreasing marginal costs are not needed in the present model.

Overall the most significant aspect of my model is that it is able to yield an
indeterminate solution for largely realistic parameter constellations. In light
of recent critique on the animal spirits approach to business cycles, a criticism
which centered on the implausible assumptions that were made on the degree
of market imperfections, my model is able set out a structure that allows for
the existence of indeterminacy at realistic measures. These increasing returns
need only be present in the investment goods sector. Moreover, in the present
economy increasing returns to scale are due to overhead costs, a feature which
is also supported empirically. The model must still be evaluated to see how
well it is able to replicate stylized business cycle facts, however. This will
be carried out in the next section. Before doing so, I will give an economic
reasoning for the result.

5.2 The economic intuition behind the results

The economic intuition for indeterminacy in my model can be formulated
as follows: suppose agents expect (unrelated to any changes in economic
fundamentals) that the (future) return to capital is going to be high. This
will induce a shift of current resources towards investment goods. However,
the expectations must be supported in the new equilibrium, namely at a
higher return to capital. There are several ways to generate an increase in
the rental rate at a higher level of economic activity. All of these features
are present in my model. First of all, it is assumed that increasing returns
are present in the economy. Second, labor moves freely across sectors. If
the production of investment goods rises, labor is shifted into the investment
goods sector and the return of a given stock of capital increases. Third, an
increase in investment demand generates an inflow of firms. Since entry is
costless, new firms enter each industry until profits are dissipated. A higher
number of active firms M, implies that the mark up falls (see for example
equation 40). The mark up is countercyclical in the I-sector. That is, for any
given stock of capital, the labor input and the return to capital will be higher.
If all of these features are combined, the return to capital can increase with
economic activity if returns to scale are sufficiently but not unrealistically
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high.

6 Business cycle properties

6.1 Population moments

The model must still be judged on how good it can replicate the variability of
the different aggregate macroeconomic time series behavior. In accordance
with the Real Business Cycle approach, the generated model data will be
compared with real data.

The following Table reports population moments for the U.S. economy.
Log levels were detrended by using the Hodrick-Prescott filter. Table 6 re-
ports the amplitudes of the fluctuations in aggregate variables in order to
access their relative magnitudes. Comovements are reported as well.

Selected U.S. Business Cycle Statistics,

Quarterly, 1954:1-1989:1V

Variable | Relative | Dynamic correlation
volatility | of A(¢) and B(t —j)

with 7 =

A | B O'B/O'A 0 | -1

Y |- 1.71* 1.00 | 0.85

Y | Cl |0.73 0.82 | 0.66

Y | C2 | 049 0.76 | 0.63

Y |1 3.15 0.90 | 0.81

Y | L1 0.96 0.88 | 0.92

Y | L2 0.86 0.86 | 0.86

Y [Pl | 083 0.31 | -0.07

Y | P2 0.88 0.51 | 0.21

Y | IS 0.56 0.81 | 0.77

Y |- 1.79* 1.00 | 0.86

Y | L3 0.82 0.82 | 0.81

Y | P3 | 058 0.55 | 0.32

L3 | P3 | 0.70 -0.03 | -0.07

L4 | P4 0.87 -0.20 | n.a.

Deviations from Hodrick-Prescott filtered trend of input variables. Quarterly, 1954:1-

1989:1V. Variable definitions: Y=Real gross national output, C1=Consumption expendi-
tures, C2=Consumption expenditure on nondurables and services, I=Fixed investment,
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L1=Hours (establishment survey), L2=Hours (household survey), P1=Y/L1, P2=Y/L2,
IS=investment expenditures share (fixed invesment). Results are taken from Kydland and
Prescott (1990). The next four lines are taken from Christiano and Todd (1996) whose
data set covers the 1947:1-1995:1 period. L3=Hours worked by employed labor force,
P3=Y/L3. L4 and P4 are from McGrattan (1994). * indicates that the number is the
simple, not relative, standard deviation times 100.

The well known business cycle fact is observed: consumption fluctuates
less than output and investment displays a greater volatility than output.
Labor input has cyclical variation which is almost as large as that of output.
The right part of the table gives selected cross correlations of the variables.
The column indexed by 0 denotes contemporaneous correlations. All va-
riables peak with output. Furthermore, the correlation of productivity and
hours is negative and close to zero. McGrattan (1994), who uses a different
series for labor input, reports a contemporaneous correlation of productivity
and hours of -0.20 (see also Baxter and King, 1991). This is the Dunlop-
Tarshis puzzle?? which states that real wages and labor input move acyclical
to each other.?® The following Table reports selected German business cycles
characteristics and it is shown that the Dunlop-Tarshis puzzle is present here
too.

Selected German Business Cycle
Statistics, Quarterly, 1970:1-1994:1V

Variable | Relative | Dynamic correlation
volatility | of A(¢) and B(t —j)
with 7 =
A | B O'B/O'A 0 | -1
Y- 150" 1.00 | 0.86
Y | C 0.87 0.75 | 0.69
Y |1 2.57 0.86 | 0.85
Y | L 0.69 0.75 | 0.90
L|P 1.02 0.12 | -0.03

Basic source of data: OECD. Quarterly data are for 1970:1-1994:1V, employment se-

#2Gee Tarshis (1939) and Dunlop (1938).

23This observation is at odds with Keynesian theory which views labor market fluc-
tuations to take place along the labor demand curve. However, it is also at odds with
the classical view that these fluctuations can be explained as movements along the labor
supply curve (as the result of shifts of the labor demand schedule).
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ries for 1970:1-1993:1V. The variables are defined as follows. Y-Gross Domestic Output,
C-Consumption expenditures, [-Investment expenditures, L-Total Employment. All va-
riables have been logged and detrended with the Hodrick-Prescott filter. * indicates that
the number is the simple, not relative, standard deviation times 100.

Table 7 demonstrates that the German business cycle exhibits similar
characteristics to those of the U.S. business cycle. The only major difference
is the behavior of productivity which is marginally more volatile than em-
ployment in the German economy. Also, the correlation of productivity and
employment is positive, however, still very close to zero.

The process of firms’ entry and exit takes on an important role in the
present model. 1 shall present some evidence on the behavior of firms’ entry
and exit decisions over the business cycle. The procyclical behavior of net
business formation is well documented for the U.S. economy (see for example
Audretsch and Acs, 1991). The following Table reports the contemporaneous
correlation of German GDP and three measures of firms’ participation rate.
Deviations from the trend of Hodrick-Prescott filtered time series are repor-
ted.

| Table 8 |
| Variable | correlation with GDP |

Limited companies | 0.35

Stock companies 0.60

Insolvencies -0.79
Annual data was logged and Hodrick-Prescott filtered. The variables are the following.
Number of firms: limited companies (GmbHs), stock companies (AGs) and insolvencies.
Basic source of data: Statistisches Bundesamt.

Table 8 reports procyclical behavior of the number of firms in the German
economy. In addition, market exit (as measured by insolvency) appears to
be present mainly at business cycle downturns.

6.2 Model moments

Sunspot equilibria are defined as rational expectations equilibria in which
cyclical behavior arises in response to arbitrary random events that do not
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have an effect on the fundamental equilibrium conditions of the economy.
Once the sequence of sunspots is generated, the law of motion of the economy,
which includes technology shocks, is given by

P;H'l P;t Ut41
[(H_l - J ](t —|— 0 . (44)
Zt-l—l Zt 241

In the remainder of this section I will report the sample moments of
my model for various calibrations. The model statistics are computed by
applying the formulae developed by Uhlig (1995) on the matrix-valued law
of motion (44).2* T will first specify a baseline calibration which will not be
altered unless otherwise noted:

| Table 9: Parameters |

v U /e | /v | B X
1.00 | 1.33 | 1.36 | 1.03 | 0.99 | 0.00

The value of y implies that the intraperiod utility is equivalent to that
in the Hansen-Rogerson model. The v and 6 calibrations follow the notion
that significant increasing returns are only present in the investment goods
sector.?® The specific value of 8 is taken from Basu and Fernald (1996).2° I
will begin with a version of the model which is driven by a white noise animal
spirits shock sequence only.

Table 10 considers the case of an economy which is driven by both animal
spirits and technology shocks. The volatilities of both of the shocks is set at
o, = o, = 0.0096.2” Both shocks are uncorrelated. Furthermore I will

24Gee also the Appendix.

25Gee the Appendix for a formal derivation of a measure of scale economies in the present
model.

26The value is at the upper end of their point estimates.

2TMcGrattan (1994) drives her version of a standard Real Business Cycle model with a
technology shock of ¢, = 0.0096. She traces her number from the familiar Solow decom-
position by assuming constant returns to scale. No such theoretical counterpart exists to
evaluate the variance of the animal spirits shock, however. Farmer and Guo (1994) choose
the standard deviation of the animal spirits shock so that the model economy generates
times series that match the volatility of U.S. output. As for the animal spirits model, this
procedure is perfectly acceptable since no restrictions from the theory apply to the size of
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assume that technology is a highly persistent process: p = 0.974 (see also
McGrattan, 1994). Again the labor market parallels that of Hansen (1985).

Table 10: Model Moments ‘

Variable | Relative | Dynamic correlation
volatility | of A(¢) and B(t —j)
with 7 =
A | B O'B/O'A 0 | -1
Y | - 1.44* 1.00 | 0.72
Y | C 0.91 0.71 | 0.51
Y |1 2.78 0.73 | 0.53
Y | L 0.73 0.47 | 0.35
Y|P 0.91 0.71 | 0.51
Y | IS 2.16 0.47 | 0.35
Y | N 0.45 0.71 | 0.51
Y| M 0.21 0.67 | 0.49
L|P 1.26 -0.28 | -0.20

Deviations from Hodrick-Prescott filtered trend of input variables. Variable defi-
nitions: Y=Output, C=Consumption expenditures, I=Investment, L=Hours, P=Y/L,
[S=investment expenditures share. *
lative, standard deviation times 100.

indicates that the number is the simple, not re-

By evaluating the relative volatility of the variables, this first version of
the model performs quite favorably: the relative standard deviations are all
in the right order. However, consumption is almost as volatile as output in
this version of the model. This is obviously at odds with data. Note that
Gali’s (1994) model displays a similar anomaly.?® The investment share is
strongly procyclical, therefore confirming the intuition for indeterminacy that
was given in the previous section, namely, that booms are the consequence of
investment surges.?® Aggregate expenditures are procyclical. Also, hours and

the shock. See Woodford (1991) for this line of argument. However, T have chosen to use
the same number as McGrattan for the animal spirits in the present model for comparision
(oq = 0.0096).

Z8Real Business Cycle models typically underpredict the volatility of consumption. The
King-Plosser-Rebelo baseline model, for example, strongly underpredicts a relative stan-
dard deviation of consumption (0.30 in King and Rebelo, 1993). Therefore the present
model does not really perform any worse than most Real Business Cycle theories.

2%Too much attention should not be focused on the exact absolute volatilities that are
reported for the labor income share and the investment share in the model. The reported
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productivity are mildly negatively correlated. The prediction of the model is
quite close to the value of -0.20, as reported by McGrattan (1995) as well as
by Baxter and King (1991). Table 10 also shows that all variables are strongly
autocorrelated. Furthermore, hours are more volatile than productivity. The
reason for the relativly low variability of the number of firms in the investment
goods sector in relation to the consumption goods sector is the presence of
strong increasing returns. A given change in (investment) demand can be
met by a smaller response in inputs than the same demand change would
require in the consumption goods sector.

Table 11 reports the same model driven again by two variables but it
is now assumed that the standard deviation of the demand disturbances is
twice the standard deviation of the technology shock: o, =2 0o..

Table 11: Model Moments ‘

Variable | Relative | Dynamic correlation

volatility | of A(¢) and B(t —j)
with 7 =

Y | - 1.06* 1.00 | 0.73

Y | C 0.98 0.46 | 0.33

Y |1 3.70 0.71 | 0.52

Y | L 0.82 0.53 | 0.39

Y|P 0.89 0.63 | 0.45

Y | IS 3.08 0.53 | 0.39

Y | N 0.48 0.46 | 0.33

Y| M 0.28 0.67 | 0.49

L|P 1.08 -0.32 | -0.24

Deviations from Hodrick-Prescott filtered trend of input variables. Variable defi-
nitions: Y=Output, C=Consumption expenditures, I=Investment, L=Hours, P=Y/L,
IS=investment expenditures share. * indicates that the number is the simple, not re-
lative, standard deviation times 100.

Most visible in Table 11 is the effect on the labor market. If more weight
is placed on animal spirits , the volatility of hours increases and it is the same
as in U.S. data. The remaining variables are also close to U.S. business cycle
characteristics.

model moments are the statistics of the logarithm of the respective shares, whereas in
Table 6 logarithms were not taken.
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Table 12 reports the statistics of a version of the model that assumes
significantly lower scale economies in the investment goods sector. In parti-
cular, [ assume 1/0 = 1.23 and n = 1.20. The model is driven by both shocks
(equal variance) and y = 0.

Table 12: Model Moments ‘

Variable | Relative | Dynamic correlation

volatility | of A(¢) and B(t —j)
with 7 =

Y | - 1.72* 1.00 | 0.74

Y | C 0.82 0.35 | 0.24

Y |1 3.88 0.80 | 0.51

Y | L 1.05 0.68 | 0.41

Y|P 0.82 0.35 | 0.24

Y | IS 3.13 0.68 | 0.41

Y | N 0.41 0.35 | 0.24

Y| M 0.45 0.78 | 0.59

L|P 0.78 -0.45 | -0.34

Deviations from Hodrick-Prescott filtered trend of input variables. Variable defi-
nitions: Y=Output, C=Consumption expenditures, I=Investment, L=Hours, P=Y/L,
IS=investment expenditures share. * indicates that the number is the simple, not re-
lative, standard deviation times 100.

Table 12 shows that the reported model statistics are not dependent on
large increasing returns in the investment goods sector. Moreover, for some
variables like consumption, the model performs even better than before. Note
that in the last version the volatility of M exceeded the one of N. The reason
for this is the following: for a given change in the expenditures on investment
goods, the inputs (number of firms) must be adjusted to a greater extent than
for higher scale economies. If scale economies are increased as described, the
model features one further important prediction: the absolute volatility of
output (and the other variables) is almost the same as in U.S. data. The
model can account for almost all observed fluctuations.

Finally, Table 13 considers a version of the model for the case of constant
marginal costs in both sectors. The variance of the technology shocks is twice
the variance of the animal spirits shocks and y = 0.
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Table 13: Model Moments ‘

Variable | Relative | Dynamic correlation

volatility | of A(¢) and B(t —j)
with 7 =

Y | - 1.23* 1.00 | 0.69

Y | C 0.93 0.23 | 0.11

Y |1 4.39 0.77 | 0.48

Y | L 1.20 0.68 | 0.51

Y|P 0.93 0.23 | 0.11

Y | IS 3.67 0.68 | 0.48

Y | N 0.45 0.23 | 0.11

Y| M 0.22 0.68 | 0.51

L|P 0.77 -0.51 | -0.37

Deviations from Hodrick-Prescott filtered trend of input variables. Variable defi-
nitions: Y=Output, C=Consumption expenditures, I=Investment, L=Hours, P=Y/L,

IS=investment expenditures share. * indicates that the number is the simple, not re-

lative, standard deviation times 100.

Table 13 demonstrates that without a downward sloping marginal costs
schedule in the investment goods sector, the model performs less successfully.
The propagation mechanism worsens and labor input becomes too volatile.

7 Conclusion

In this paper I have developed a two-sector growth model which allows in-
determinacy to occur at relatively mild degrees of increasing returns. Fur-
thermore, it is shown that it is sufficient that these economies of scale are
present in only one sector of the economy. This feature of the model, the-
refore, builds on evidence that was recently reported by Basu and Fernald
(1996).

The model is also able to solve some puzzles of business cycle research
which standard Real Business Cycle models have not been able to. Namely,
the introduction of animal spirits in my model allows the generation of a low
negative contemporaneous correlation of hours and productivity. Further-
more the investment share is procylical over the business cycle. Considering
more standard measures of the business cycle such as the relative volatility
of aggregate variables and comovements, my model performs equally as well
as existing Real Business Cycle models. Especially concerning the model’s
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predictions on the labor market, my model adequately produces a realistic
relative volatility of hours without having to rely on the indivisible labor
construct as in Hansen (1985).
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8 Appendix

8.1 The measure of returns to scale
Suppose that the production function of a firm is given by>"
Yi=F(Ky, L) —T. (45)

I' denotes overhead costs. [ is homogenous of degree ~. Following the
assumption that is made in the text, the functional form of F(K;, L;) is

Cobb-Douglas with F(K;, L) = K;WLEI_Q)W. Profits for the firm are given
by

Ht = pti/t — tht — Qt[(t- (46)

Denote the mark up over marginal costs by p;, then the last equation implies
that

I, = p,Y, — MlptFUs’t, L)) (47)
t

holds.?* It is assumed in the text that profits are forced to zero by market
entry and exit. This yields

0=Y,— —(Y;+1) (48)
M
and
v oy=r (19)
5

which restricts g; > ~. A useful measure of returns to scale is the ratio of
average to marginal costs (see for example Takayama, 1994). Denote returns

30 A1l variables have the same definition as in the main text unless otherwise noted.
31This equation uses the fact that

HiWy = PtFL(Kt, Lt)
and

Heqr = peFre (K4, Ly ).
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to scale by ®. Profit maximization implies (together with Cobb-Douglas
technology)

_ Ag (A 1) i _ et (50)

P 1
Y Aggwy ™ (Y + 1) Y

where A is a constant.”> Using (50) the last equation reduces to ® = ;.
Therefore, increasing returns are, given the assumptions made in the text,
equal to the markup.?

This can be interpreted as follows: Assume that p; — 1. This means
that the market structure approaches perfect competition. Average costs
equal marginal costs and the firm produces at minimum average cost. This
situation cannot be consistent with positive overhead, however. As p rises,
firms gain market power over their product. Using the zero profit condition
the size of each firm’s output (with zero profits) can be determined. In
addition, each firm now produces with increasing returns to scale. It is
implicit in equation (50) that the measure of increasing returns to scale is
exactly equal to the mark up. The measure is independent of the degree of
homogeneity of F' (and therefore v). v determines the slope of the marginal
costs schedule only.

8.2 Applying the Hodrick-Prescott filter without si-
mulating the model

To judge the model’s success in replicating actual business cycle behavior, 1
will derive the relevant model statistics. This will be done by applying (what
is called in economics) the Hodrick-Prescott filter.

Here I follow Uhlig (1995) who does not simulate the model to derive the
population moments but rather chooses the linearized version of the model
directly by the use of frequency domain techniques. Consider the first order

o 11—«

32Reminder: the cost function is given by Aq@w,; ~*(Y; + F)%

33Note that this measure of returns to scale is not dependent on entry and exit of firms
per se. Actually, this local measure would be the same if one would assume that profits
average to zero as in Hornstein (1993) (combined with a constant number of firms).
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vector autoregressive process (given by equation 44)

}?t-l—l }?t
Sty1 = [}7154-1 =J [ft + v = Jse v (51)
Zit Zy

where v;41 respresents the vector of innovations. Flviq | [;] = 0 and

Y fort=r1
Elowis] = { 0 otherwise.
The population spectrum of (55) is given by
S(w) = 2r) Iz — Je '8l — J'e] ! (52)

where [3 is a 3 x 3 identity matrix. Since I am interested in the spectral
density of the Hodrick-Prescott filtered version of the model, I apply the
HP-transfer function (see King and Rebelo, 1994) to obtain

4+ M1 — cos(w))?
L+4- M1 —cos(w))?

S(w) = J* S(w). (53)

The parameter A penalizes variations in the growth component. It is re-
commended to set A = 1600 for quarterly data. The first term in (53), the
HP-transfer function, is particularly easy to interpret. It places zero weight
on the zero frequency, that is S(0)2F = 0. On the other hand it places close
to unit weight on high frequencies:

16 - A

HP
5(7) _(1—|-16-)\

12S(7) ~ S(7).

The spectral density of all variables of the vector O, = Ils, is given in matrix
notation as

4-1600(1 — cos(w))?
14+ 4-1600(1 — cos(w))?

S(w)HP = [ 12 115 ()11’ (54)

and I finally obtain the kth autocovariance matrix of the elements of s:

/_ W S(w) P e du. (55)

ks

For &£ = 0 the variances and covariances are obtained.
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