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Abstract

This paper investigates the claim, often put forth by Real Business Cyele propouents
(c.g Prescott (1986)), that the poor performances of their models in matcling real world
aggregate labor market hehavior are due to the fact that observed real wage payments
do not correspoud to the actual marginal productivity of labor but contain an insurance
component which cannot be accounted for by the Walrasian pricing mechauisim,

To test this idea we dispense with the Walrasian deseription of the labor market aud
introduce contractual arrangements between employees and employers,  Assiuning that
the former are prevented from accessing capital markets and are more risk averse than
the latter we use the theory of optimal contracts to derive an equilibriiun relation bhetween
aggregate states of the cconomy and wage-labor outeomes. This contractual arrangement is
then embedded into a standard one-sector. stochastic neoclassical growtl model in order
to look at the business eyvele umplications of the coutractual hypothesis. The resulting
dynamic equilibrium relations arve then parametetized and studied by means of standard
numerical approximation techuiques,

The quantitative propertics of our model appear to be somewhat enconraging. We
have examined different contractual environments and in all circumstances the contracts-
based equilibrium performs better than standard ones with regard to the lahor-market
variables and at least as well with regard to the other aggregate macroeconomic variables.
The present paper reports only the simulation results relative to what we consider the

most empirically relevant cases. More results are available from the authors.



1. Introduction

QOur point of departure is the observation that standard real husiness eyele (RBC)
models perform poorly in mimicking the statistical properties of labor market fuctua-
tions, factors share cyclical behavior and the comovements between capital income share
and investment variations. These are not particularly new remarks. Beginning witli Sun-
mers (1986), a number of different authors have either dismissed RBC models hecise of
this feature or tried to amend them. To name but just a few: Alvagari. Christiano and
Fichenbaum (1990), Benhabib, Rogerson and Wright (1991). Blanchard and Fischer 11983 ).
Burnside, Eichenbaum and Rebelo (1993), Christiano and Eichenbaum (1990). Dauthine
and Donaldson {1992), Gomme and Greenwood (1993), Hansen (1983). Rogerson (1985),
Rotemberg and Woodford (1992). Wright (1988).

While investigators have maintained very different opinions about the appropriare
framework capable of modelling the labor market’s cyclical oscillations. there seems to
be wide aggreement on the stylized facts and on their inconsisteney with rhe mareinal
productivity and intertemporal substitution models of the labor market.

Observed real wages are too smooth and estimated labor supply elasticites roo low ro
justify the observed volatility in hours. If (as the RBC models assume) cmployment and
real wages arc generated mainly by the impact of labor demand shocks on o compenitive
labor market, then the data should lie close to a dynamic labor supply funerion. It this
supply function is inelastic, the variations in real wages should be larger than the variarions
in employment. Reality is orthogonal to the model’s predictions.

Table 11 the next page illustrates some features of the post-second world war period
U.S. economy. We have reported sample statisties for H-D filtered. log-detrended dand fivsr
differenced data as the adoption of one or the other of these stationarity-inducing merhods
scems to make a difference with respect to the outpt-correlation properties of cortain tune
series. The first method is the one most often used in the RBC hiterature,

A few “facts” stand out quite clearly. Real wages exhibit a weale correlation swith
output and about half its volatility. Sample estimates also show that while i1 the long-ran
wages and labor productivity may display a high degree of conformity. they do nor exhibit
much of a coherent relationship at business cyvele frequencies. Furthermore real wages are
highly persistent, a property which is not shared by the real wage tinme-scries generated by

the standard RBC model.



Indeed, as Table 2 shows, a high autocorrelation level is displayed by most ageregare
variables. This is a crucial property of real business cyvcles which is seriously missed hy

standard RBC models.

Table 1 - Quarterly U.S. Data (1947:1-1990:4)

H-P Filter Log-detrend First Diff.
Series St. D. Corr. St. D. Corr. St.D. Corr.
Qutput 2.24 1.00 3.41 1.00 1.54 1.00
Consumption 0.86 0.75 1.53 0.64 0.95 0.63
Investment 4.40 0.81 6.90 0.80 2.91 0.6%
Hours 1.88 0.88 2.59 0.86 1.05 0.77
Avg. Lab. Prod. 1.06 0.55 1.75 0.67 1.01 0.74
Real Wage 0.96 0.31 1.75 0.15 0.81 (345
Labor Share 3.80 -0.11 3.86 -0.24 0.86 -0.46
Profits 10.49 0.81 15.16 0.75 7.05 0.64
St. D: Sample Standard Deviation of variables. Carr: Sample Correlation with Output. The HE Filverswa conpetd
for lambda = 1600. The Log Detrended data are fit to two trends, from 1947:1 to 1672:2 and from 10722t Lol Bire

Differences are log first differences,

Lahor hours {(and employment as well) are strongly proeyelical and substantially more
volatile than wages. In fact. depending on sample subperiods. they may display even
wider oscillations than ontput itself. The very high elasticity of the labor supply ouve
“implied” by the aggregate data is at odds with most microecononie evidenee on lahor
supply behavior and is the crucial reason for the rejection of the intertemporal substitution
model (Altonji and Ashenfelter (1980) and Altonji (1982) contain the seminal cmpirieal
work in this direction).

Analysis of micro-level data (as reported for example in Beandry and DeNardo (19913
and Bils {1991)) also reveal that wages depend on labor market conditions ar rhe thne
workers are hired and that real wages are quite sensitive to variations i tlie nnemplovment
rates that occurr during the job-tenure period.

Finally it has long been observed that a high degree of colierence exhists herween

most measures of profits and investment activity with the former somewhar leading the



latter, (Zarnowitz (1992, chapt. 2)). Profits typically spring up at the early stage of o
recovery led by strong gains in labor productivity which are not matched hy raises m real
wages. On the other hand, profits tend to decline i the later stages of an expansion as
costs start rising faster than revenues, reducing profit margins. This is often accompanied
or even caused by a tightening of labor market conditions which pushes up labors cosrs.
cuts down profits and as a consequence leads to a reduction of investment activiry, {again

see Zarnowitz {1992) for a detailed analysis).

Table 2 - First Autocorrelations (1947:1-1990:4)

Series H-P Filter Log-detrend First Dith.
Output 347 024 L5
Consumption 817 916 NI
Investment .806 919 279
Hours 887 027 623
Avg. Lab. Prod. .680 863 73
Real Wage .803 941 ASD
Labor Share 991 991 054
Profits 186 890 270

It 1s our belief that some of these facts can be accounted for by removing the Walrasiin
market clearing mechanism from the labor market and by replacing 1t witly an explierr
model of labor relations. In this paper we begin to do so by assuming that contractnal
arrangements allocate labor resources in a mauner that exploits the gains from rrade that
result from workers difficulty in shedding cyelical income risk and enfreprenenrs (assiuned
higher tolerance for such risk. Labor markets embody an msurance aspeetr where labor s
claims on output are partially fixed prior to the realization of output while cutreprenenes
bear a disproportionate share of the output uncertainty.

This approach is based on the joint hypotheses: that employees are more risk averse
than employers and that they cannot access financial markets to achieve interremporal
consumption smoothing to the extent that the latter can. The first hypothesis 1 somewhat
arbitrary, at least on strict empirical grounds. While there are well known rheoretical

justifications for its adoption (from Knight (1921) to Killstrom and Latfour (1983)) we



lack hard empirical evidence to be used either against or in favor. In our researclh we
have chosen to fix the entrepreneurs’ risk aversion and to treat the workers™ risk aversion
as a “free parameter”. The validity of this method can only be judged by rlie power of
its predictions and by the extent to which “unreasonable” differences in risk aversion are
needed to deliver interesting results. The numerical simulations preseuted in section 3 show
we need relatively small differences in risk aversion to account for most of the cmpirieal

regularities we claim to explain.

The second hypothesis seems easier to defend. An almost endless array of studies ou
the distribution of wealth show a strong concentration in the upper tail of thie population
(e.g. Atkinson (1983), Champernowne and Cowell (1990). Cowell {1984). Smath (19803).
This is particularly true for financial wealth and for the ownership of equiries. If one
excludes pension funds (which are seldom if ever used to achieve evelical consunption
smoothing) the percentage of individuals who own and actively trade financial instrunients
in organized security markets is remarkably small. Mankiw and Zeldes (19917, for example.
report strong evidence that no more than 25% of the households engage in this type of
activities. More important for our concerns is the fact that similar figures cmerge from the
literature on consumption smoothing and market incompleteness (see e.q. Camphbell and
Mankiw (1989)). It seems to be a consensus view that an approximate 50-30 split oeenrs
between households that satisfy thie permanent income hypothesis and houscholds thar are

constrained 1n their cyclical borrowing-lending possibilities.

Furthermore, daily observations suggest that a large portion of actual lnvestment
decisions is concentrated in the hands of a small fraction of agents, YWhile this mayv well be
the outcome of some complicated arrangement solving an economy-wide prineipal-agent
problem, we seriously doubt the realism of such an interpretation. It scems simpler and
more realistic to assume that the few agents taking responsibility for investienr decisions
are providing insurance services to the remaining portion of the househiolds not b rradinge

assets that the latter effectively own but through the employment relatiou.

In the model below two types of individuals meet in cach period: workers { prolerarisins
and entrepreneurs {capitalists). Before uncertainty is realized the latter offer 1o the former
a contract specifving the hours of work and the total payvment theyv will recelve iu each
possible future state of the world. Once the contract is mutually agreed upon. hoth agenrs

will stick to it, thereby assuming away the ex-post recontracting and enforceability ixanes



arising in the optimal contract literature (see Hart and Holmstrom (1987) for a recent

survey and discussion).

The workers consume in each period all of their wage payments. whereas the cun-
treprencur (who also supplies a portion of the total work effort) acts like the wsnal infinitely
lived intertemporal maximizing representative agent. Capital accumulation decisions. in
particular, are still modeled along the lines of Brock-Mirman {1972) as implementedin the

RBC tradition of Kydland and Prescott (1982) and Long and Plosser (1933}

A typical cycle in our model consists of the following stages. Begin near the end of @
recession period, when the economy has been hit by a sequence of negative shocks, Before
the positive shock is realized, workers expected utility from selling their time on tomorrow s
spot market is low. This induces a low reservation utility and. consequently. o contrract
specifving a wage-labor combination which fixes the wage in future good states well he-
low the marginal productivity of labor. When a positive shock is realized. cutreprencirs
reap most of the benefits from the higher labor productivity, The contract also speeifies
a relatively high supply of labor in good states and these two things jomntly hoosr profits
and therefore investments. As labor productivity inereases so does workers rescrvation
utility thereby affording them a stronger bargaining position. This generates contracts
more favorable to workers that progressively erode profit margins. inerease their own con-
sumption and, as the recovery progresses, also reduce the incentive to mmvest m physical
capital. At the end of the boom contracts reflect this tight labor market conditions and.
when a negative shock arrives, will magnify its impact on the firms” profitabiliry. Iu turn
this induces a sharp decline in profits and investments near the peak of the exvele swhen the

contraction occurs.

It 1s important to stress that the introduction of a labor contract does nor alrer only
the cyelical pattern of wages and hours but has an unpact also on the way 1 wlhich
investments, profits and the labor-share respond to the exogenous shocks. Basically rhe
employees “lend” to the employers in good periods and “borrow™ from them m bad oues.
This increases the oscillations of profits which now bear a mueh larger portion of the shock
in productivity. It also increases their correlation with output and it should reud 1o creare
a somewhat negative correlation between labor share and output. Fuarthermore profits ave
now the crucial source of funds for the new capital. hence one expeets the volanlity of

investments to increase as well, which 1t does.



There have recently been other attempts to employ risk-sharing arguments in models
seeking to explain macroeconomic fluctuations, most noticeably Danthine and Donaldson
(1992) and Gomme and Greenwood (1993). A comparison between our methodology and

those adopted by these authors is therefore appropriate.

The Danthine and Donaldson model is quite different from the one we use. Lewsure
does not enter utility functions and workers are divided into two groups (youug and old)
with the second only being covered by a contract. The latter guarantees full cmployment
to the old people while the young enter and exit the employment relation according ro
Walrasian demand but have their income protected through a mininmum wage and unem-
ployment compensation financed by a tax on profits. It is therefore wnclear whar is rhe
role played by the labor contract in generating the model’s high volatility of labor as the
latter comes all from the young portion of the population. Also it is unelear if workers’
reservation utility vary along the cycle, or is instead specified once and for all ar the he-
ginning of time. Danthine and Donaldson are succesfull in mimicking observed volatility
in hours. On the other hand they do not report wages, profits and factor shares so one

cannot evaluate their model’s performances along those dimensions.

The model studied by Gomme and Greenwood is closer to owrs. The deseription of
the economy, of its technology and population are quite similar. Differently from ns they
specify preferences with an endogenously time-varying and agent specific discounr factor,
whose impact on the equilibrium dynamies is hard to disentangle from that of rhie risk-
sharing arrangement. A second. more relevant, difference 1s their treatment of the Inbor
contract. Workers and entrepreneurs are both allowed to smooth conswnption by holding
financial securities in a complete market environment. The amonnt of borrowing-lendine
that employees carry out through securities is then included in the wage hill rogether
with the usual marginal productivity payment. Cousequently the optimal contract 15 not
studied directly and there is no endogenous determination of the two parties” bargaining
strength. More to the central point, following along the ideas of Wright (1988}, Gommne aned
Greenwood methodology assumes that the introduction of labor contracts will only chanee
observed factor payments but will have no impact on the real allocations. The present
paper is based on the opposite assumption, i.e. that the non-walrasian features of lahor
markets affect not only the denomination of factors’ payments hut also the intertemporal

behavior of most aggregate variables.



The paper is articulated in three other sections. The next one deseribes the the-
oretical model and briefly examines the qualitative intuitions underlying our approach.
Here we spend some time discussing possible alternative formulations of the courractual
environment which give rise to different levels of bargaining power and relatively different
allocations of cyclical risk. Section three specifies the adopted functional forms. derves
the equilibrium relations and illustrates the outcomes of our simulations. In cach case
sample statistics are reported and compared to the relevant ones for the U.S. dara during
the post-war period. Section 4 concludes the paper and discusses some of the issues whicl

are still left open.
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2. The Theoretical Framework.

We study the following environment. There are two kinds of mfinitely hved agenrs:
those that own some stock of capital and those that don’t. For each type a contimuun of
identical individuals is present. We assume there are m > 1 proletarians for cachi capitalist.
Individuals of type 1 are born without any stock of capital and are more risk averse than
their type 2 capitalist counterpart. People that are not shareholders are prevented from
accessing capital markets to borrow/lend out of their labor income. This constrans then
consumption and wage payments to coincide in each period.

Capitalists instead can borrow and lend at will in a perfectly competitive capital
market. In each period, after observing a realization of the technology shiock Sp0 they
organize the production process, pay the workers and retain the residual onwrpnr to he
either consumed or invested in future capital stock.

There also exists a competitive market for § periods ahead labor contracrs (# = 1
with € an integer) where, at the end of each period, sharcholders hire « fraction 1/8 of
next period’s employees by offering them a menu {W(S). L(S)} ses of possible wage hills
and hours of work. A different pair (W (S§). L{5)) 1s associated to each possible realization
S € § of the technology shock. These contracts are assumed to be perfeerly enforeeable
at no observable cost to either party.

The production function 1s written as
r - v
{ — S(F(I\t.;\t.]_—,f)

where L, 1s the labor supply of proletarians and N, is the labor supply of the stockhiolders.
The function F is standard: homogenoeus of degree one. coneave. monotone mercasing
and smooth as needed. The technology shock Sy follows a stationary Markov process
summarized by the transition function P(S,S5') with compact state space §. Denore with
A the real interval of feasible values of the capital stock.

Utility functions are denoted with v(¢. T — L) for agent 1 and v(c. T — N for agent 2.
We want to assume that agent 1 is more averse to consumption risk than agenr 2. wlhich

mecars

—vp (6, T — L)¢ S —up(e. T — N)e
vi(&, T - L) uy(e.T — N)

for ¢ = c and N = L. The common intertemporal discount factor is denoted by ¢ € (0.1).




2.1 Equilibrium without Contracts.

To compute the proletarians’ reservation utility when bargaining over tle lnbor con-
tract, we need to look first at the competitive equilibrium when the two parries can ouly
trade spot. In this case, after the shock S; has been observed agent 1 sells labor on the
spot market, and agent 2 buys it.

To avoid confusing individual choices with equilibrinm outcomes we will wse lower
case letters to denote the first (i.e. { for agent 1. nn, & and ¢ for agent 2) and capiral letrers
to denote the second (L, N, K and ().

For an agent of type 1, labor supply is the solution to the simple problem:
max v(ée. T — {4)

subject to: ¢ < Wy = wy - (
The first order condition characterizing this choice reduees to:

volw - 6. T — ()
vi(w - 0T =)

=w (2.1

whicl under the usual non-degeneracy conditions gives a labor supply fuuetion £, = /(w ).

The stockholder solves a more complicated problem. Given a pair of initial condirions
(S0, ko) and a sequence of wage rates {w};2, he has to choose hix own lahor supply .
the amount of labor {{ he demands from each of the m agents of type 1. his rousiuuption
level ¢; and his investment level iy = kyyy — (1 — jo)ky for all pertods ¢+ = 0.1..... His

stochastic optimal control problem and associated value function can then he written as:

1<
RV

W{5y. ky) = max Z(‘it/ (e T —n)P(S5,.d5,4y) [
t=0 s

subject to: ep + ke = S E(hpong.ml) + (1 — ji)ke — wy -l

Transversality condition aside, this yields the following array of necessary aud snfficient
first order conditions, where A, denotes the Lagrange multiplier associated ro the resonree

constraint:
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U](C;,T—n1):)\t (2.3”)
ug(ee, T —ny) = A S Fal(ky, ng, mby) {2.30)
SiFs(ky,ng,mbl;) = wy (2.3¢)

6”]/\, = / /\¢+1{S¢+1F1(L‘1+1_.?IH.l,?Ii‘{JH.])+ (1 - ,H)}P( 5'1.!]5;4_] ](2.3(“
S

A spot-equilibrium is then obtained in two steps: first substitute the labor supply
function £*(w,} in place of ¢; in (2.3) and in the resource constraiut wnderlying (2.2) aud
impose market clearing in the consumption and capital good markets. Then solve the
system of equations (2.3) to vield a set of functions {w(-). L{-). N(-}.C(-). 701} depending
on the state variables Z, = (I\, S¢) and such that

a} ml*(w(Zy)) = L{Z,) solves (2.1) for all t = 0.1...
b) ¢, = C(Zy), ny = N{Z;), mly = L(Zy). K51 = 7(Z;) solve the programminge problem

2.2) given wy = w(Z,).

2.2 Equilibrium with Contracts.

Begin by defining agent one’s reservation utility at time f. This 1s the nininnun toral
utility over the life-time of the contract he will accept at time f when signing o coutract
for the @ periods t +1,...,f + 8. It will be denoted as vy, It depends on the stare of the
cconomy at the end of period ¢ and on the expectations this induces abont furnwe stares,

We can formally write it as;

#
‘T-‘t:Er{zl‘(5e+z‘-T—[r+i)5i|Zt}: (2,41

=1

[}
Y s / . (m(z,+i) (i Z0)). T — [S(af»(zt+i)))(g(z,+,-_l.,fz,_,-)
i=1 Z

where Z = § x K denotes the set of feasible pairs (K. 5;) and Q(Z.dZ') is the eqnilibrinan
transition function (see Stokey, Lucas and Prescott (1989) for the details). Furthermore.
in (2.4) the notation w(-) indicates the equilibrium wage as a function of the stare Z when

all workers but one have entered a contractual arrangement. This is the spot-market salary
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that an individual worker should expect if he does not accept the emplover s offer hut all
the other m/# workers do. It will correspond to the marginal productivity of the mput
L evaluated at the level of L(Z,4;) which is prescribed by the contract and which will
be determined below. The function £°(-} is instead the individnal labor supply funetion

derived in (2.1).

When offering a contract the stockholder must take into account the expecred ntility
constraint induced by the workers' option of switching to the spot market and therefore
obtaining at least ¥,. How much utility the non-stockholder should expeet from the con-
tract depends on relative bargaining powers. In this paper we take as a henelimark the
case in which the proletarians have no bargaining power and all the gains from rrade ave
collected by the capitalists. Obviously this is not completely realistic. but we believe rhat
allowing more bargaining power to the workers would not substantially change the rela-
tive variability of wages and hours. We suspect. though that it might have non-negheible

effects on the cyclical behaviors of capital and labor shares.

The stockholder decision problem can be described along the following lines. Given

the state of the system at the end of period ¢, Z; = (K.5;). and conditional on lis

#
=1

choice of future capital stocks kiy; he needs to offer a contract {WW(Z,.: 0 L1240}
to his prospective workers and simultaneously make contingent plans as to whar kiud of
consumption levels ¢ Z;4 ;). labor efforts #(Z,4;) and investment ((Z,4,) he will carry our,
While the overall equilibriiun values have to he determined at once. here we can examine

the two problems separately. Let us begin with the contract desigu problen.

The implicit contracts lterature (see Rosen (1985) for a survev) reaches thar rhe
crucial propertics of the optimal arrangement depend on the assumptions one s willing to
make on the different degrees of risk aversion of firms and workers. on the narure of rhe
available information (public vs. private) aud. in certain circuumnstances. on tlie meome-
elasticity of leisure for the non-sharehiolder. This extreme sensitivity of the oprimal contract
generates a large number of outcomes which serve no purpose i the preseut mvesrigation

and which would be very hard to follow 1 any case.

From our viewpoint the salient feature of a contract 1s that it provides workers with an
insurance mechanism during bad periods and entrepreneurs with a source of funds durne
good periods. This property is shared by Loth public and private information contraers,
The latter is especially relevant only in the study of over- and under-emplovment of workers

in (respectively) good or bad periods, a topic which does not concern us here isce Clian
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{1983) and Green and KKahn (1983)). Given that the computational complexity implied
by the asymmetric information model is orders of magnitude higher than the one implied
by the public information setup, we have restricted our present analysis to the larter. To
maintain the analytical treatment within reasonable bounds we also concentrate on the
special case of one-period ahead contracts (i.e. # = 1) and leave the exploration of the
impact of staggered multiperiod contracts for future work.

When the realization of the shock is public information, wages and emploviment can he
made conditional just on 5. A contract is then a pair of functions {W'(.5). L(S) = m-{(5)}
maximizing the capitalist’s expected utility subject to the constraint that cacli agent of
type 1 has an expected utility no less than his reservation utility 7; as defined in (2.4).
For the time being let the equilibrium values of Cyyy. Ny K41 and 4o be taken
parametrically by the capitalist. The optimal contract solves:

< T =N OP(S,.d 2.5
H'}(l.‘-)a‘%(.)/su(ﬁ-u t+1)P(S5¢.dS 4 1) (2.1

subject to: / U(IV(S(+]),T — (83 ))P(S.dSiy) =T
S
0 ﬁ Cr41 S 5¢+1F(I\-{+1,1‘\?{_}_1,.[‘(5(4_1 )) + (1 — J[I)I\-,+1 - I(H"Z — Hh ”—‘ ‘S‘H'] }

It is well known (see e.g. Hart and Holmstrom (1987)). that the unique optimal

contract is fully characterized by the following three conditions:

m - ul(CH.],T - 4‘?\1'{.{.]‘)S{+]F’3(I\’f+l.;\7(+]1L(.}.l) = h+1 l‘g(n}+1. T — .{.l+] ) (2.(5”‘)
m - Hl(CH_l.T — ATH_] ) = t+1 l‘|(”}+1 AR {-.f-i-l ) (E(Jh)

] 1’(1";+1,T — [[.+1)P(5(.d5[+]) 2 Fg (_)(J()
S

where 7441 1s the Lagrange multiplier on the expected utility constraint aud the dependence
of W and € on 85,4, has been omitted to economize on space.

The properties of the contract are straightforward and will not be repeared here. For
our purposes it will suffice to stress that the risk-sharing condition (2.65) 15 generally not
satisfied by the spot-equilibrium allocation. The coutract i fact allows the entreprenenr
one extra degree of freedom: the ratio between his marginal utility of consimprion and
the worker’s marginal utility of consumption will now be equal to the constant v, 1 all
states while in the spot cconomy that same ratio only satisfies

'ltl(Ct+1,T— P\Tt_l_]) . ug(C,_H.T*A‘rt.;.]) % F;(I\—;+]..\‘r+[.ﬂl(|‘ 5;-‘,] H
vl (W{(Sts1 L T = U(Sev1)) va(W (S s T = ((Se)) Bl W1 Nepromli0 S b
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which needs not be constant with respect to 5S¢y € S.

A second implication of (2.6), has to do with the sensitivity of TI7{-} witli respect to
Sy for any given K;. As noted in Rosen (1983) for the case in whicli v ix linear. only
when workers’ preferences are completely separable in consumption and lewsure the opti-
mal contract predicts that workers’ and entrepreneurs’ consumptions should he perfeerly
correlated across states of the world, whereas a non separable v{-.:) luks consumption
behavior and the employment level of workers. In our own application the urility funetion
is not linear, and we have not observed any relevant difference in this regard hetween rhe
behavior of the separable model deseribed below and that of a non-separable version we
have also simulated.

Denote with W*(-), L*(-) the equilibrium solution to (2.6) as a function of the stare
and of the other equilibrium variables. Under the assumption that all entreprenenrs ave the
same, competition in the market for contracts guarantees that in equilibriun rhe larrer will
be identical across firms. The envelope theorem justifies our use of equilibriium notation

when studying the dynamic programming problem of the representative capiralist:

U(S,,A‘,;H'*(-),L*(-)) = max {u(q.T —ny) +

Ty Cy ‘k1+1

[
~I

+6/U(St+1-ﬁ‘r+1:”'*(-),L*(-))P(S,.(IS,+1)} (
S
subject to: ¢ 4 kepy < SeF(keong L)) + (1 — yedke = Ry — W70

Under standard restrictions (sce e.g. Stokey and Lucas {1989, Chapt. 91 (2.7) is
known to possess a unique solution, sumnmarized by the poliey funetion b,y = 7000 50 Ay ).
The latter is continuous in &y and Ly for any given S;. A characterization of the {inte-
rior} optimal choices of the entrepreneur can be obtained by looking at the rransversality

condition and at the first order conditions

uy(eq, T —ny) = Ay (2.%0)
wp(ce . T —ny) = A S Fo(ky,ny LY (250
5T = / At [5r+1F1(A':+1JH+1~L*) +(1 - P)]P(Sr-n’srﬁ‘-l | (2.8

S

where A, denotes once again the lagrange multiplier associated with the technological

constraint in (2.7).
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A competitive equilibrium for the contract economy is then routinely defined by the
existence of a set of functions W*(-), L*(-}, C(-), N(-) and 7{-) depending on the state
vector Zy = (5;, ;) and such that:

a) W*(-) and L*(-) solve (2.5) for all Z; given C'(-). N(-) and (-}
b) C(-}, N(:) and 7(-) solve (2.7) for all Z; given T¥*(-). L*(-).

2.8 Bargaining Power

The formulation given in (2.5) of the way in which the contractual agrecments arve
reached, implicitely assumes that all the bargaining power rests with the capitalists and
that the proletarians walk away from the labor contract room with the same expeered
utility they carried when they walked in. One may indeed think of situarions i which
agents of type 1 have some market power and are thercfore able to obtain more than rheir
reservation utility.

This needs not destroy the efficiency properties of the optimal contract. which can he
readily interpreted as the outcome of a Pareto efficient allocation where the two parties
are given weights different from those implicit in (2.5). A simple way of formalizing tlas
approach is to replace {2.5) with the following problem. Given the state vecror 2 =

(5S¢, I\y) and the equilibrium values of Ny and Jyyq:

'

m__ag:/ {z/,u(C’,,T - N+ (1 — v )e(W.T — L/m}}P(S. 5" (2.9
h

subject to: 0 < Cy < S'F(KN¢ . Ne. L)+ (1 — i)y — Kyyy — 1V

The parameter v¢ € [0,1] is chosen arbitrarily and it is a measure of the degree of market
power of the entrepreneur. By varving », between 0 and 1. we can trace onr the whole
expected utility possibility frontier. It is readily seen that by setting e 1n {2.5) cqual to
(1 — 1) /vy in (2.9) the two problems become identical.

It is tempting to ask if different choices of v, might have quantitatively relevant nuph-
cations for the equilibrium behavior of the labor market variables. Taking our framework
seriously yields an upper (7) and a lower () bound. The first 15 assoctated wirh gnarantee
ing that the solution to (2.9) provides the workers with the same level of expecred nnility
thev receive under the spot-equilibrium while the latter guarantees to the enrreprenenns

their expected utility under the spot arrangements. An analysis along this hine 1= not
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performed here. Simulations carried out by Horvath (1994h) suggest rhat. for reason-
able values of v, the results would be insignificantly different from those reported larer
Section 3.

We have also studied the behavior of our economy in the presence of a conrractual
arrangement under which the proletarians are guaranteed a constant level of nrihity n
each future state of the world. This constant utility level has been chosen to be equal to
their expected utility in the spot-equilibrium. It 1s rather obvious that this contract is
not optimal in the Pareto sense: both parties could be made better-off hy rrading some
uncertainty.

Let v, be defined as in (2.4) above. Let ¢{7,.{(5)) solve
v(g(Te (SO T = ((S) =T = 0 (2,100

The function ¢(-) always exists and is well defined under standard restrictions. The con-

tractual problem replacing (2.5) can then be written as

111ax/u(r,.T~n,)P(5,_1.dSr) {211
(s Js

subject to: 0 < ¢f < S F(Rpong, m(S)) + (1 — pt)hy — kg — gl 0050

The optimal contract 1s fully characterized by the first order condition
S(F';(A‘;.T“.]’?I[(Sr))"——g'_)(F(.((Sj)). VS; ES {212'

With the obvious substitutions the remaining choice variables of the entrepreiem and the
cquilibrium functions can then be determined as in subsection 2.2,

Economic intuition and the formal results reported in Green and Kaha (193371 sugeest
that one should observe smaller fluctuations in L; and larger fluctuations 1 11 under
the contract specified in (2.11) than under the optimal contract (2.3). As onur simmlations
reveal this 1s also the case 1 the fully parameterized model. Given that thix i, on rhe

other hand, the only way in which the introduction of the sub-optimal contract affeets the

model economy we do not report the results here.
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3. The Parametric Models.

In this section we introduce the specific functional forms utilized in the exereise and
characterize the most intuitive properties of the equilibria.

The production function has been chosen to be Cobb-Douglas in capital () and
total labor (F), while the latter is a CES combination of proletarians and capitalists work

efforts.

Y, = S,K*E!° (3.1)
E( = (aXf + (1 —a)L})!/?

Here L = m{ is the total amount of proletarian labor emploved. The paramercrs o and
@ are in the unit interval, while p is assumed negative to refleet the complemenrariry
production between the two types of labor.

The utility functions for both agents have been chosen from the C.E.S. class wder
the restriction that the worker would be more risk averse than the entreprenenr. The latrer

has a utility function given by

1
1—¢

Uy =

1—v T o o .
¢y Uk (T —n )1t (3.2}
1-w
As for the utility function of proletarians we have experimented with both separable and
non-separable ones but observed very small and altogether not significative differences. We

will therefore report only the results for the separable version. which 1s

4

1—o l1—o

(T = ()7 (3.3

Obviously o > ¢ 1s to be assumed throughout thie rest of the paper. The rechinologienl

shock 5y follows the stochastic process

Six1 =S exp(Cz). 2~ N(0.1) (3.

g

with py € (0,1) and ¢ > 0.
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3.1 Characterization of the Equilibrium.

The proletarians labor supply under spot market conditions 1s

Clw) = —~Tﬂ— (3.5
1+ Gwpl-1/e

()
o
—

where 8 = 83/, Notice that ¢ < 1 is required to avoid a backward bending labor supply

function. Hence we will always assume 0 < v < o < 1. The first order conditions

characterizing the solution to (2.7) are given by

C;¥ =X (3.6er)
WT —n) ¥ =a(l —a)S,KPE "7 NPT! (3.Gh)
6_1/\f - f /\¢+](051+1 I\-:;_]]E}_:]n + 1-— ,U)P(St.(iSH_] ) {3.f}r‘)

S

The optimal contract {11, L*} and the “bargaining power multiplier”™ 1y are conpured

by means of

(1 —a)MP, LV
m-(1—a) ST (T — ) (370
o

™m o _
—L,!:I],-Htg (3.7h)
t

0 — /.[I'{'vrl_a + G(T - (’Jt)lia —_ IIvl—a - G(T - (t‘s'no{)I_U]P(-S‘,lfl.(lls‘f) '37(’
S

f.spot

where the subsecript spet indicates the equilibrium values associated to rhe labor supply

function (3.5} and the notation A P, stands for
AP =(1—a)SKOE] "7

Algebraic manipulation of the systems (3.6) and (3.7) vields useful insight= into some
basic properties of our dynamic contract economy. The total wage payments to an i

vidual worker are
MP, L
@

Denoting with wepor the real wage of proletarians i the spot cconomy aud with e the

/o
W*(Z) = ( ) (T, - *(2,) (3.5

same real wage in the contract economy it is easy to see that

Wepot gt

0 T -7




Hence during periods in which individual effort is higher than normal the spor wage will
tend to be above the contract wage while the opposite oceurs during periods i whiel € 1s
below average. It is apparent from (3.7) that € is procyelical. A comparison of (3.7 with
the first order condition determining the spot market labor supply funetion (3.3 shows
that in the spot economy the level of employment reacts less to variations in its marginal
productivity than in the contract economy due to the presence of a wealth effeet swlhiely 2

altogether absent in (3.7a).

3.2 Parameterization.

The system of equations we use to compute the dynamic equilibria of the model de-
pends on a set of thirteen parameters. Four pertain to the aggregate techuology ia. poa. .
two are needed to specify the stochastic process for the technological shock (po. Ji o sce-
ond group of five defines the preferences of the agents (o, 8. . 5. ¢) and the last rwo
quantify the total time endowment and its distribution among capitalist aud proletariins
(T, m). Following along the methodology of Kydland and Prescott (1982) we will now
deseribe the numerical values we used and the empirical support for our choiees.

For some of them the restrictions imposed by our model are mdistinguishiable from
those imposed by the standard RBC models. Finding nothing objectionable 1 the stancdard
calibration procedure we have just adopted those same values, This choice sers & = 093,
jo =.028 and T = 1369 which 1s the total number of non-sleeping howrs per average persoun
per quarter.

The calibration of the remaining technology parameters is not a complerely straigl-
forward matter. The problem originates from our definition of the labor input E ax o CES
combination of the two types of time efforts, L and N. Unfortunately we lack indepen-
dent observations on these two variables, We considered for a moment the hypotliesis of
adopting the classification supervisory vs. non-supervisory work as a possible cmpirieal
proxy. Nevertheless we chose not to consider this source of mformation ou the ground tlint
it provides a very bad and narrow representation of those aggregates to wlhich onr model
refers. Gomme and Greenwood (1993) faced a similar problem and we share their agnosne
conclusions. The most reasonable option is therefore to treat total hours as o measnre of
E and proceed along.

With this caveat and the chosen values of & and g one can proceed at estimaring the
technology parameter o independently from p and a. We have applied standard GNIN

procedures to the orthogonality restriction mduced by the Euler condition (3.5¢) wlich
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uniquely depends on a. Qur point estimate o = .26 differs substantially from the value of
a = .36 usually adopted in the RBC literature but most of the difference seems attributable
to our choice of the S&P500 index as an instrument for the entrepreneurs’ marginal rate
of substitution in consumption. As the appropriateness of this choice 15 predicated on the
empirical relevance of the consumption-based CAPM and the latter is at least debatable
we have also simulated our model with a = .36 and the sample statisties turn ont ro change
only slightly. To avoid giving the impression that our results depend upon tlas partienlar
estimate we have used an average between the two values. i.e. for the bascline model we
have set a = .31 . To facilitate comparison we have also chosen to report the onteomes of

our simulations for both & = .26 and « = .36 in an appendix.

As for the substitutability parameter p. lacking compelling cmpirical evidencee on the
matter, we have nevertheless found acceptable the idea that entreprencurs and rheir em-
ployees are slightly complementary and not substitutable production factors. at least at the
business cycle frequencies with which this study is concerned. The latter requres pro he
negative but not too much so, and we have experimented with a fesv values in the mrerval
[—1.0, —.1], without noticing any relevant impact on the final outeomes. Very bizarre re-
sults obviously can be obtained at extreme values of p when the degree of complementariry

between the two types of labor becomes exagerately large.

Given that T has been set equal to 1369 all that remains 15 to determine how many
proletarians are out there for cach capitalist. The theoretical underpinnings of onr frame-
work together with the empirical evidence quoted in the introduction sugeest that herween
a quarter and a half of the population should be considered as composed of srockholders,
This implies that the parameter m could be anywhere within the interval {1.3]. Again we
have experimented with different values and noted that. while results seemn to clhianee hitrle
as 1 < m < 2, a number of sample statistics become very sensitive for values of 1 = 2. For
this reason and also in order not to bias our calibration too heavvily toward the Livporliesis
that a very large portion of the population is credit-constrained we have chosen rhe vadne

m = 1.5 for our haseline model.

Once a value of m is chosen one can use income distribution data to fix the remainiug
technological parameter a. The idea is that of chosing a so that the steady state portion
of income going to the employees corresponds to the sample percentage of national meome
received by the bottom sixty percent of the population (the fraction sixty pereent 15 implied

by the choice of m = 1.5). Depending on measurement techingues and varions possible
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definitions of income, the range of values we have found in the literature goes hetween 30
and .36. As a point estimate we have chosen .33 whicli is the value reported for the United
States in World Bank (1993, p. 297). In our model, though. the steady stare meome
distribution is also affected by the degrees of risk aversion of thie two agents and by the
intensity of their preferences for leisure. A reasonable choice of ¢ must therefore he made

jointly with that of the preferences parameters, to which we move next.

Two of them (# and «) can be calibrated so that the model deterministic steady state
satisfles some empirical restrictions on the typical fraction of total non-sleeping Liours rhat
individuals allocate to market activities. It is customary in the business eyele literanue to
use point estimates between .25 and .33 which in general require values hetween .9 and 1.3
for the model’s parameters. As for o and ¢ they are in some seuse “frec” 11 onr maodel and
are meant to capture the extent to which workers are more risk averse than entrepreneurs,
After experimenting with a few non-extreme values we have observed that relatively hirtle
variations occur for ¢ hetween .3 and .9. and #» between .2 and .6. It shonld he noted
that in our framework a value of 1 is in any case an upper hound for borh degrees of risk
aversion as larger values would imply a backward bending labor supply function. hardly «

realistic fecature at the business cyvcle frequencies we are interested in studyving,

Still this leaves us with a large set of parameter values from which to make onr chotee.
To restrict it further we have concentrated on two particularly Iimportaut sauple starisries:
the correlations between wages and output and between consumption and ourpur. The
U.S. data reported in the introduction suggest a low value for the first and a relarively hiegh
value for the second. Sensitivity analysis shows that in our model their hehavior depends
in a nonlinear fashion on the choice of a. ¢ and " (varving € and 4 appropriately in order

to match the sample statistics on the percentage of total hours spent at work ).

In order to characterize such dependence begin by considering Figures 1.1-1.3. report-
ing the real wage standard deviation as a fraction of the output standard deviation for
different values of a, o and d = ¢ — ¢". Such ratio first decreases and then inereases
d, with the location of the minimum point shifting to the right as o and ¢ inerease. Tlis
suggest that the smoothest wages occur not when the amount of insurance desiwed by the
workers is extremely high but instead when it is moderately high. Furthermore as rle
workers become more risk averse the smoothest wages oceur when their relative barganing

position worsens (higher d). Finally, all curves shift to the right as a lnereases.
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To explain the convex shape of the curves in Figures 1.1-1.3. consider Figures 2.1-2.3
showing that the relative volatility of hours is nearly linearly increasing in  Init decreasing
in o. Recall that the contract tends to smooth out W7, the total wage bill and rhat the
aggregate real wage is obtained by averaging W,/L, with the marginal productivity of
the entrepreneurs’ hours. As d increases the volatility of L, increases as it becones more
correlated with output. This tends to compensate for the correlation of 11, with ontput
thereby reducing the volatility of w, with respect to that of output. But ax J increases
the volatility of W, also keeps increasing until it outdoes that of 117 therehy pnshing up
the relative volatility of w, again. This logic implies that at low and inereasing valhies of
the real wage should be more highly correlated with output than at very Ligh values of .
This is confirmed in Figures 3.1-3.3 wages are less correlated with output as d increases.
as o decreases and finally as a decreases.

In Figures 3.1-3.3 and 4.1-4.3 we have reported the correlations between ey and 4
and between ¢; and y,. The horizontal lines drawn in all figures represent the estimared
values for the statistics from the U.S. data sample. The reader will note thar for values
of @ = .46 one can get close to both lines for choices of ¢ = .32 or 34 and ¢ = .1 or .12
Further simulations {not reported) show that this is the case for even lower values of «.
This findings have led us to set our baseline parameter values equal to ¢ = 46, 7 = .32 anel
1 =.22. As we mentioned before, lacking direct observations, the reasonableness of rthese
choices can be judged only ex-post by the quality of the overall model’s performanees. On
a-priori ground we find them perfectly acceptable.

Finally the two parameters of the stochastic process S; have heen estuimared by con-
structing a “Solow residual” series in the ordinary way. The latter has been nsed ro com-
pute GMM estimators for the autocorrelation parameter p, while ¢ has heen obrained hy
applaying GMM to the orthogonality restriction on the innovations of 5;. This procednre

gives the two values p, = 968 and ¢ = .010.

Table 3 - Baseline Values of Calibration Parameters.

§=.993 o=.32 p = .22 ~ = 1.075 f=1.195 jio= 023
a =31 p=-—.1 a = .46 ps = 968 ¢=.01 i =1.5
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3.8 Simulation Results.

Using the set of parameter values listed in Table 3 we have generated 100 sanples of

artificial economies with 180 observations each. The data so obtained were detrended aned

the results were averaged over the 100 samples.

Most of the results reported below appear quite robust to parametric variations and

are very indicative of the ability of the model to capture some of the business exele puzzles

we discussed in the introduction. In particular three claims we have made secms to he

consistent with the behavior of this artificial economy

1. Introducing a contract increases the volatility of hours and decreascs thar of real
wages.

2. The volatility of aggregate output 1s increased together with those of profirs and rhe
labor-share. The last two also display the correct sign for output correlarion.

3. The correlation of wages and output can be reduced to almost zero (in fact ar other
acceptable parameter values it turns out be slightly negative) wlile hours remain
strongly correlated with output.

Table 4 - Baseline Model.
H-P Filter Log-detrend First Ditt.
Series St. D. Corr. St. D. Corr. 5t.D. Corr.
Output 2.82 1.00 4.99 1.00 2.06 1.00
Consumption 0.94 0.71 2.37 0.60 0.86 0.%0
Investment 8.71 0.93 11.4 0.85 6.21 0.94
Hours 2.28 0.97 3.57 0.90 1.60 0.06
Avg. Lab. Prod. 0.56 0.94 1.26 0.88 0.46 0.94
Real Wage 0.31 0.41 0.50 0.40 0.-46 (.64
Labor Share 0.50 -0.88 0.93 -0.88 0.30 -0.57
Profits 3.87 0.96 6.08 0.89 2.51 0.94

The performances of the model are also encouraging with respect to rlie first order

autocorrelation of the aggregate variables. but not entirely so. As Table 5 shows. rhe
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high persistence that caracterizes the real wage in the post second world war data ix not
displayed by our model under H-P filtering or first differencing. The same is true for con-
sumption and labor productivity when first differenced. If one takes into consideration rhe
asymptotic standard errors of the sample estimates the hypothesis that these anrocorre-
lations are actually zero cannot be rejected at conventional significance levels. The ouly
exception is given by the real wage in the First Difference column. for winel the hypotliesis
of zero autocorrelation can be rejected. In any case, even a zero autocorrelation remains
a far cry from the empirically observed values. Similar statistics are wsually nor provided
for standard RBC models, but simulations we have run using a standard RBC model show
that these features are common to both frameworks.

On the other hand one should stress that the lack of persistence 1 real wages 1=
relatively casy to eliminate in the contractual framework. It is indneed by the fuet that
our contracts are only one-period-ahead and do not link workers and entreprenenrs for
more than one quarter. This enables the two parties to quickly incorporate changes m
aggregate productivity in the calculation of labor compensations.

Indeed this is a very unrealistic feature of the model, which we have chosen fo maintain
lLiere only because it greatly simplifies the numerical computations. Prelininary simulations
of a simplified version of the contract model allowing for staggered multi-period conutracts
lasting three to five quarters are presented in Horvath (1994b). They <how that rthis
modification loosens the short-run relation between changes in marginal productiviry and
real wages resulting in positive autocorrelation of measured real wages and. conscqnently.
of the consumption series.

The model performs quite well in all the other dimensions and when standard errors
arc taken into account the empirical sample estimates (with the noted exceprion of the
real wages autocorrelation coefficient) helong to the confidence intervals generared by the
artificial economy and viceversa. This result is particularly strong in rhe log-detrended
casc.

A quantitative feeling of the way in which the optimal contract atfects rhe pertor-
mances of the artificial economy can be gauged by comparing the sample statisties for the
contractual model with those of the spot-economy. This is done in Table G for the standard
deviation and output correlation of the H-P filtered data and in Table 7 for rhe first order
autocorrelation of the H-P filtered and log-detrendend data. All parameter valies are as

in Tables 4 and 5.



Table 5 - First Autocorrelations, Baseline Model

Series H-P Filter Log-detrend Firsr Ditt.
Qutput 725 824 099
Consumption 607 824 -.103
Investment 728 810 120
Hours 739 827 150
Avg. Lab. Prod. 657 .809 =055
Real Wage -.084 448 -.483
Labor Share 798 884 409
Profits T8 838 291

Table 6 - Contract vs. Spot Economy, H-P Filter.

Contract Model Spot Model
Series Stand. Dev. Correlation Stand. Dev. Correlarion
Output 2.82 1.00 2.71 1.00
Consumption 0.94 0.71 1.23 0.71
Investment 8.71 0.93 11.57 (.92
Hours 2.28 0.07 2.11 0.96
Avg. Lab. Prod. 0.56 0.94 0.63 0.94
Real Wage 0.31 0.41 0.G8 0.95
Labhor Share 0.50 -0.88 0.00 0.00

Profits 3.87 0.96 271 0.97




Table 7 - Contract vs. Spot Economy, Autocorrelations.

Contract Model Spot Madel
Series H-P Filter. Log-Detr. H-P Filter Log-Derr.
Output 725 .820 701 312
Consumption 607 .786 870 368
Investment 728 .809 G5 s
Hours 739 .826 690 ()2
Avg. Lab. Prod. 637 800 192 329
Real Wage -.084 30T 40 N20
Labor Share 798 844 000 0600
Profits 778 830 701 N12

Our last comparison is between the contract model and the Hansen (1983) "indivisible
labor™ model, which is correctly regarded as the paradigmatic RBC model of labor mar-
ket behavior (see also Rogerson (1988) for the theoretical backgrouud), Hansen did not
consider factor shares, nor autocorrelation coefficients and detrended lis dara only wirh
the H-P filter. Table 8 is constructed accordingly. The parameter values for onr model are

those of Tables 4 and 3.



Table 8 - Contract Economy and Hansen (1985) Economy.

Contract Hansen (1985)  Model

Series Stand. Dev. Correlation Stand. Dev. Correlation
Output 2.82 1.00 1.76 1.00
Consumption 0.94 0.71 0.51 0.87
[nvestment 8.71 0.93 3.71 0.99
Hours 2.28 0.97 1.35 0.93
Avg. Lab. Prod. 0.56 0.94 0.50 (.87
Real Wage 0.31 0.41 = =

Labor Share 0.50 -0.88 =
Profits 3.87 0.96 = =

It 1s fair to conclude that there is no visible dimension along which the contract model

performs worse and some obvious and very important dimensions along which it performes

hetter.



4. Conclusions

We have shown that introducing simple forms of contractual lubor relationships 1 a
standard stochastic optimal growth model makes it display more realistic properties thaun
those that obtain when the labor market is modeled in a purely Walrasian faslnon. Wages
and hours oscillate at the right magnitude and in the right direction withour rhie need of
imtroducing an unreasonably elastic labor supply function or "unobservable”™ nsnirutional
mechanisms. Factor shares cyclical variability and correlation can also be aceounted for
by the same contractual argument which also provides an explanation for rhe observed

behavior of profits and investments at the peak and trough of the trade eveles,

Factor shares oscillations, while going in the right direction. are still relatively small
in our model. This is especially true for profits. This seems harder to caprurve: ir may
require moving away from a Cobb-Douglas specification for the aggregare techmoloey as
well as from the one-sector representation. Two-sector Cobb-Douglas models already al-
low for cyclical variations in factor shares; it needs to be seen if they are quanritarively
relevant. Along these lines we are also considering further departures from rthe purely
competitive framework, such as the introduction of borrowing contractual arrangements
between entreprencurs and financial institutions.

This line of research could ideally lead us to be able to dispense with the notion
of large and frequent, aggregate technological shocks. They are very vague and hardly
measurahble entities, which can be identified only after the fact by accepring wneritically a
number of simplifications on the form of the production function and on rhe way m whieh
inputs are rewarded. The theory of the business cyvele which stems from dyinie general
equilibrinm models does not require aggregate shocks, neither from a logical nor from au
empirical poit of view as demonstrated in Horvath (1994a). Their cuwrent adoption seemnis
to be motivated almost essentially by practical considerations: lacking endogenons sourees
of instability and built-in magnifiers one has to resort to aggregate exogenons stimnil “to
get things going”. Further investigation in this area may well point to other endogenons
sources of business fluctuations.

Another natural extension is to look at the asset pricing implications of the contractual
approach. Results obtained with a model in which non stockholders are the only supplicrs
of labor effort are quite promising. Intuitively this is due to a couple of factors. Oun ouc
hane, as our model shows, profit earners now hear a much larger portion of rhe agareente

risk: return on equities 1s both much higher and more correlated with ageregare onrpnr.
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On the other hand the equilibrium prices of assets are not evaluated by using ageregate
consumption to compute the relevant rate of intertemporal substitution. Iusread it is
the consumption of stockholders alone that matters and the latter needs not he as stable
and smooth as the economy’s average consumption. In order to give operative confent
to this approach to asset pricing, one needs to be able to identify empirical measnures of

stockholder’s consumption volatility.
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Appendix A: Data description

We have attempted to present statistics on and estimate parameters from data on
private sector, non-farm, business production and factor payments. To do so. we often
begin with a broader category and subtract sectors which we do not wish to melnde {(eo..
removing farm production from gross domestic product ). In the list below. the series name
is followed by the symbol which corresponds to the series in our model. A bnief deseription
of the data source is given and, in some cases, additional notes.

Output = Y. Real gross domestic product less government, housing and farn seetors.
1987 dollars, reported quarterly in National Income and Product Accounts (NIPA).
Consumption = C'+ W', Real total consumer expenditure on non-durables awd services. i
1987 dollars, reported quarterly in NIPA.

Investment = I. Real private sector, fixed, non-residential investment plus real expenditure
on consumer durables, in 1987 dollars, reported quarterly i NIPA,

Capital Stock = K. Stock of investment series constructed in the usual manner by com-
paring net and gross investment series.

Total Hours = L + N. Total hours worked in non-agricultural. private bisiness establish-
ments, Burcau of Labor Statistics (LBMXNTU), reported quarterly.

Real Wages = (W + MPN x N)/(L + N). Real hourly wage of all nou-agriendrural.
private business employees, Bureau of Labor Statistics (LBCPUT). reportedin 1957 dollars,
quarterly.

Profit =Y — W — AIPN x N. Nominal corporate profits before tax, without mventory
valuation adjustment or capital consumption allowance, deflated by an plicit price de-
flator described below under Price. The nominal profit figures ave reported quarrerly
NIPA

Average Labor Productivity = Y/(L + \).

Labor Share = (W + MPN x N)/Y.

Price : Implicit price deflator equal to nominal output series (nominal gross domestic
product minus nominal government, housing and farm sector production) divided by the
real output series described above under Qutput,

Detrending Methods: We induce stationarity by three alternate methods: o rwo-rrend
detrending procedurc on the log-levels of the data, the Hodrick-Preseort filrer with A
the cost of detrending in the filter’s minimization function. set at 1600 and log Hr=r-

differencing. The latter method is completely straightforward. The log-huear detrending
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allows for one trend in the log-levels from 1947-1975, and a potentially different trend from
1975-1990. The detrended series are spliced back together after the porentially different
trends have been removed. Naturally, the log-linear detrending removes less mformation
than the HP-filtering, however, questions remain whether the classical properties apply o
the distribution of the log-linearly detrended series because they may still nor he covartancee

stationary.
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Appendix B: Alternative Parameter Values.

To complete the description of the baseline model’s performances swe report next the
sample statistics for the case in which & = .26 and o = .36. All other parameter values
are as in Tables 4 and 5 with the following exceptions. In both cases. 5 and # have been
adjusted to keep the appropriate ratio between working and nonsleeping hours, Also. in
Tables B.3 and B.4 we have chosen slightly different values for . o and o (holding = o —«
constant) in order to match the sample correlations between wages and output and hetween
consumption and output. These new values are: ¢ = .42, ¢ = .38 and «* = .28, No change
of this kind was made for a = .26 even if also in that case some very small variarions of

the same parameters would have allowed us to exactly match the named correlations.



Table B.1 - Contract Model {« = .26.6 = =.923)

H-P Filter Log-detrend First Diff.
Series St. D. Corr. St. D. Corr. 5t.D. Corr.
Output 2.92 1.00 3.44 1.00 1.93 1.00
Consumption 1.33 0.86 2.00 0.78 0.92 0.83
Investment 10.22 0.93 10.74 0.84 G.78 0.89
Hours 2.26 0.97 2.59 0.90 1.47 0.90
Avg. Lab. Prod. 0.68 0.95 0.88 0.88 0.47 .89
Real Wage 0.51 0.88 0.64 0.83 .50 0.80
Labor Share 0.30 -0.83 0.34 -0.81 (.18 (.32
Profits 3.68 0.96 4.33 (.90 2,16 .83

Table B.2 - First Autocorrelations.

Series H-P Filter Log-detrend First Diff.
Output 601 054
Consumption 552 130
Investment 987 055
Hours 612 ARG
Avg. Lab. Prod. 365 046
Real Wage 288 310
Labor Share .655 206
Profits 661 218
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Table B.3 - Contract Model (o = .36,6 = .97.~ = 903}

H-P Filter Log-detrend First Ditf.
Series St. D. Corr. St. D. Corr. St.D. Corr.
Output 2.44 1.00 6.10 1.00 1.0 1.06
Consumption 0.71 0.76 3.97 0.82 0.74 ().82
[nvestment 6.03 0.95 11.18 0.87 4.31 0.95
Hours 1.91 0.97 4.34 0.96 1.14 (.96
Avg. Lab. Prod. 0.55 0.95 1.85 0.93 0.47 {1.04
Real Wage 0.30 0.40 0.84 0.76 0.45 0.6+
Labor Share 0.50 -0.89 1.18 -0.95 0.30 -(1.62
Profits 3.29 0.96 8.20 0.97 2,18 0.95

Table B.4 - First Autocorrelations.

Series H-P Filter Log-detrend First Diff.
Output 720 918 091
Consumption 489 042 -271
[nvestinent 27 889 115
Hours .41 914 5%
Avg. Lab. Prod. 632 927 -.103
Real Wage -.128 8T - 486
Labor Share 804 030 A3
Profits 769 027 260
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