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Abstract

This paper show that the dynamically Pareto optimal allocation generated by
a real business cycle model is equivalent to the equilibrium allocation
generated by long-term labor contracts. The result provides and justifies
the econometric models of long-term labor contracts for testing the real
business cycle model. This finding can be exploited to explain why an
economy strongly characterized by long-term labor contracts (i.e., the
Japanese economy) have more tendencies towards equilibria than an economy
with more competitive labor markets (i.e., the US economy).
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i. Intreduction

The real business covele theory developed by kyvdland and FPrescott (1982),
Long and Plosser (1983) and kKing and Plosser (1984) explains business oycle
phenomena by stressing the importance of real shocks to production technology.
The modeis of these researchers consider an economy populated by a single
infinite-lived indisidual with ¢given initial resources, production
rossibilities- and to=tow.  The representative indis idual chooses a preferred
consumpt bon-producticon plan and the resulting allocation is Pareto optimal.
The toplicatisae of the real business oyvele theory are thus derived from the
Pareto optimal cquilthrian ol location as caleoulated from the planning problem
for o Twocial planner” or representative agent,  The polley implications of
fhie theory s that therve 15 no significant effect of monetary policies on
out put fr: this view, observed correlations between money and output are the
consedquences oft responses of the money shocks to output fluctuations brought
about by randeom real snccks Lo production technology.
SRinee the 1eal business cyvele theory characterizes equilibrium prices and
ittt yes by stalying the social planning problem, the resulting Pareto
optimal equilibiria must be decentralized.  The most usual was of decentralizing
Parcto optimal equilibria is to use spot competitive markets. Then the real
Dusiness or 1o theory tvpreally exploits intertemporal substitution of lelsure
to wecommt Tor large fluctuations in employment with small fluctuations in real
vages-.  This idea, often called the intertemporal substitulion theory, stems
from the funcanental contribation of Lucas and Rapping (1968),

The ceoent studie- of Sargent (1979, Chapter 15), Rosen (1985) and Wrighr
F1G82) have sugdewtied anather vay o decentralizing Pareto optimal equilibria

although they hove not eapiicitly dealt with thrs problem within the rveal



basiness ovele model . Thes shown thai long-term contracts support preciselv Lhe
same Jynamice quant ity allocation as that which obtains with spot markets in
labor.

The veal business ovele model with long-term contracts has several
advantages.  First, this model can account for the tailure of the econometric
tests of the intertemporal substitution model which the real business cycle
mode ] with =pot coppetitive Labor markets is constructed on.  Almost all
cnplLoical stulices of intertemporal substitution suggest that the testing
tresults provide substantial evidence against the intertemporal csubstitution
miodel o that the elasticity of intertemporal substitution in labor supply is
syubstantialiy low. 1 The maln reason arises from their assumption that measured
witge rates- reflect ojther the true marginal product of labor or the marginal
rote of substitution between consumption and leisure. However, the long-term
contract medel reveals that measured wage rates do not index either of them if
tong-term contracts prevail in the cconomy. In fact, the long-term contract
mode ! does nel gshare the same BEuler equation in labor supply with the
intertenporal substitulion model {(see Osano and Tnoue (1988)).

Second, the real business csele models developed by Hansen (1985),
Greemwood arsl Buffman (1987) and Rogerson (1988) can account for layoff
tnemploynent as the outcome of models with indivisible labor, where (a)
copslovment 1s determined by lotteries and (b) the incomes for employved and
unenployed individuals are chosen 1o allocate risk efficiently.  However, in
Lheir models, empioved workers are worse of ff than unemployed workers., In the
lTong-term contract model, we may avald this problem by assuming that the tirm
DANVE no seserance pavments to workers wunder the imperfect capital market.

Third, the real business ovele model with long-term contracts can be

<



interpreted within a bilateral bargaining framewvork between a representative
capital owner qnd a reprosentative worker t(see MeDonald and Solow (1981) for
the discus<sion of the bilateral bardgaining model). Thus, we can exploit this
mode ]l to exanine the effect of a change in the distribulion parameter belween
profits and wages on the dyvnamic equilibrium allocation.  The investigation
helps us discuss the =fPect of income policies on the dynamic equilibrium
al Lot bog, 2

The purpose of this paper s to explore the theoretical properties of the
real business ovele model with Tong-term contracts. The analvsis establishes
the: fundomental equivalence theorem thal the dynamically Pareto optimal

altlocnation generalod by the real business coyele model is equivalent to the

cquilibrium allocat ion generated by long-term contracts. Although Sargent
(19791, Rosen (1935), and Wright {1988) have suggesied that the dyvnamically
Pacveto optimal allocation is attained by long-term contracts, they have not
verified this theorem within the real business ovele model. This missing link
poses a problem of which model should be fornmulated and estimated to test the
real business oyvele hnpothesis with long—term contracts.  The contract

e bibeium wode]l considered in this paper can provide one possible answer Lo
this guestion,

Tiie pape:  is oprganized as follows.  sSection 2 presents a social planning
profdem with hetorogencous agonts.  Section 3 descoribes an equil tbrium model
with long-term contracts under the same environment ag in section 2. Section 4
prosves the equivalones theorem between the alliocations generated by the social
plarmning problem and the cortract equilibrium model. Section o discusses the

cconcmet vl tmplicntions of the contract equilibrium model. The final section

DGh e a0 brief summary,



Z. oSocial Plannming Problem

We begin with considering the preferences, production technology and
endowments of the environment under study. Let us first give the preferences
of each individual. In cur economy, there are two classes of individuals. The
first consists of infinitely lived "workers™ who are endowed with one unit of
time in every period of his life to divide between leisure and labor. Each
worker has preferences given by U{Uee, 1-Lt¢) in each period, where Cuwt is his
real consumption in o period toand Ly his working time in period t. The utility
finction ({Cwy, 1-Lt) is increasing and concave in Cwy and 1-Li. The other
class consists of infinittely lived "capitalists” who have the management skills
of producing only one tinal good. FEach capitalist has prefercences represented
Ly V(Ccy) in each period, where Ceoy is her per worker real consunption in
period 1.3 The at tlity function YV(Cc¢y) is increasing and concave in Cey.

We next desoribe the poer vorker production technology in this econom:y in

periond

TV‘—;’:[‘;{‘\'y}\!;y ¢ :’)----7001 th

vhers ¢ 1s the per worker labor input in period t, Kt the per worker real
tock of capital in period t, and z:¢ a technology shock in period t. [t is
assuned that Fois itncreasing and concave in Nt and Ke.

The final good can be eilther consumed or invested. The per worker capital

stock ovelves acoording to

Kyvr = 1-85 g)bht + Ty, b= 0,..., o= (2)

shere Ty 1s per worker real gross investmenlt and & g the rate of depreciaticn

ot capital.



'n each period, this cconomy must face Lhree resource constraints. First,

the por worker labor input must satisfy

Ny :]tl.r, (':O,...,f/g, £3)

vhere Ly is the employment probability of each worker in period t. Second. the

employment probability of each worker in period t must be restricted such that

A

by & 1, b= 000un, o7 (4)

Third, total uses of the commodity must not exceed output. Since worker’s

consumption {(Cwi) depends on whether he is emploved (Cet) or not (Cut), we have
e + LitCor + (=100 us + 1t £ Y, t = 0O,.0,., . (5)

Given the initial per worker real stock of capital ko, the social planning
nroblem 1= now to choose a contingency plan for (Ceey, Cety Cuty Ly, L, T4,

Ntet- Y30 t £ o9 ) to maximize

A

t ooy
\n :}10]2, b’t'\’((jct)], (b)

10

subject to (1)-(5) and

t =
EoX B tve [1iU(Cet, 1-Lt) + (1-1)U(Cuy, )] 2 Ux, (7)
t-0

Here, Eo is an expectation operator conditional on information available at the
initial period; £ is a constant discount factor; and U* is a worker’s expected
discounted Litfetime utility level which is ensured by social planners. We can
support the solution of this socia!l plamning problem as a competitive spot
market equilibrium by requiring workers to choose emplovment lotteries with a

probabitity o working, 1. (see Rogerson (1988)).4
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3. Contract Fguilibrium

Tn this scclion, we deseribe an equilibrium model with long-term contracts
under the same environment as in section 2. As a manager of the {irm, a
representative capitalist can make a contract offer to a representative worker.
Thig offer, drawn up on the initial period when the states of nature in the
nresent and future periods are unknown, specifies a compensation-employment
sequence conlingent on the set of available information history in each period.
Lot Wy nind w ¢ denote worker’s contract real wages and severance pavments in
period t. Then (Wy, w t, lt, Lt) represents the contingent contract
avrangements Lo be implemented in period t,

In this economy, the worker is only endowed with one unit of time to
divide between lelsure and labor in each period. Furthermore, he does not have
any access to the capital markel. On the other hand, the capitalisi is endowed
capital assets at the beginning of each period to consume commodities or to buy
capital assets. 1t 1s also assumed that, as a manager of the firm, the
capitalist receives all the profit of the firm after the payment to capital
OWNE S .

To display a dyvnamic contract equilibrium, we consider the optimal
decision of the capitalist by distinguishing between the consumption and saving
decision as 4 capital owner and the factor input and contract arrangement
decision as a manager of the firm.

We first discuss the optimal consumption-saving decision of the capitalist
A3 a capital owner., To this end, we must introduce the budget constraint of

the capitalist represented by

Ft‘t "'SY é ﬂl+(R(+6K)Aly t:U,...,DQ, (8’



where Sy is per worker real gross saving 1n period t: w7 ¢ 1s the per worker
real profit of the Firm after the payvment to capital owners in period t; Ky 1s
the real net rental rate of capital between t and t+1; and A+ 1s the per worker
real stock of capital possessed by the capitalist at the beeinning of period t.
Note that the real dgross rental pate ot capital is (Ri+d k) 1n period t. We
must also accownt for the accumulation process of the per worker real stock of

capital, Ay, This process 1s expressed by

Avvr = (1=-0 k)AL + S, t= Oyueny o, (9)

where & is the rate of depreciation of capital stock. Given the initial real

stoch of capital A and (Re, 7 ;0 £t

A

o0 ), the capitalist chooses a

contingencsy plan for (Ceey Sty Ater30 £ 0t

A

o0 ) to maximize (6) subject to
(&) and (9).

We next explore the factor input and contract arrangement decision of the
capitalist as a manager of the firm. When offering the long-term contract to
the worker, the capitalist must at least ensure the worker a minimum expected

discounted Lifetime utility level U*x;

t -
FeS B te [1hUiWe, T-10) + (1=1 ¢\ (w ¢, 1)] = Utt, (10)
t-0

In general, Urr is determined by dynamic bilateral bargaining between the f{irm
and the worker or from alternative wages available to the worker. However, the
specification of the determination process of U¥* does not modify any results
in this paper, so that U¥* 15 regarded as enogenously given.

Now, the capitalist destires to mavimize the expected value of the
discouritod sum of real profits with respect to the contingency plan for the

factor inpat and long-term contract arrangements subject to the lavoff



probat:i ity con=trarnts (4) and the minimun expectod utility constraint ot the
werker (luiy. Since the per worker real profit of the firm after the payvment

to capltal owners in period tle desoribed by

o = _(i‘(l,(].(, I l‘\\'t - (1":'1)‘Ut - (l‘1+j h’)[it-]v t = (J,.... o, \ll)

the dyvnamio masimizat ton problem of the capitalist with resyect to [Ky, Wy,

Wty lt, L0 £ © £ ) is fornally represented by
t X i t-1
Mo bo X PIT (B4R -1 [z F ey, Ke) = 1wy = (1=l w v = (K¢+d w)bedt,

(12
subject. to (3) and (10) given U* and (R4;0 8 t £ 60).?
We are in a pogition to close a contract eguilibrium by specitfying the
o

market clearing conditions of capital and product markets. The market clearing

conditions of the capital markets are

B o= Ay, bz O, ..., 09, (13)

beranse workes- do not have acoess to the caplital markets.,  The 1mperfect
capttal market assumpt on also implies that the contract wages (severance
prasments) ars equial to the consumption of emploved workers (unemploved workers)
noeact period. Thuas, the market olearing conditions of the product markets

e given by

"\‘Ci = :\"‘x: t = 0v ey N, (1!)
Tut = w1, = O,0., o, (15)
Cov + Teue + (1=-014000e + 5S¢ = w0l Koy, b= O0,...,c0. {16)

X



Wwe can now define a contract equiilbrium for this economy. A contract
cauillibrium 1s a set of nterest rate, guantity, and contract sequences (Ry,

7oty Cety Coty Unty Sty Sevry by Way vy Ly, L0

HA

t £ 20 which satisfy

the foliowing conditions: (a) (Cery, Sty Aei0 £ 4 £ 00) maximizes (6)

subject te (8 and (9 g1ven Yo and (Ry, 7 ;0 oo )3 (b)) (Key, Wi, w t,

A
-
IA

Tie L0 £t £ o) mavimizes (12) subject rno (4) and (10) given U** and (k@0
<t £ 0 {e) market clearing conditions (13)-(16): and (d) the definition

of 7o, (131V.6

4. Eguivaience Theorem
Comparing the efficiency conditions of the social planning prceblem with
those of the contract cquilibrium, we can show the following proposition (see

Appendis

Proposition [, The allocation generated by the social planning problem
desoribed in section 2 oan be supported as the contract equilibrium defined in

seeclron 3t U oz s

Sinee thee alltocat ion of the social planning problem can also be supported as a
competitive gpot market equilibrium with employment lotteries, we additionally

obtadn the following corollary of Proposition 1:

Corollary. The allocation that can be supportied as a spot competitive mavket

cqui Libriun with emplovment 1ot teries can also be supported as the contract

cauitibrium for a suitably adjusted Uxt,

Tro the contract economy considered in section 3, we permit the firm to payv

soverance patyments to workers. However, in the actual economy, severance



pavment s are infreguent iy observed or are incompletoe even if they are observed.
There atre several possible explanations of this empirical evidence although we
Ao not Jdiscuss the rensons hero (sec Oswald (19%6)).  1F the firm camot offer
soverance pasments to iaild oft scorkers and it Laid off workers receive onls
anemployment  theurance benefits, we muast mocki v the detinition of the contract
equilibrivn i the way such that Lad off workers can consume only the amount

P unenplosnent incneance benefils.  The corresponding social planning problem

is spocified sa Follows: Given Ko, o contingencey plan for (Coy, Covs 1oy T,

Tey hevr, YuU £ 00 £ 00) mwimizes (60 subject Lo (15-(4) and
Ve + Taliae + (-t 0ibhe + 10 & NV, L= 0,..., 00, (17
i g
FoX 5 0 T UiCay, =t + (1=LoilUeh, 1)) 2 U, (15)
1 0

Come remarks about this social planning problem are in order.  Firvst, in
1

thiis =ocial planming problem, we need not specily how unemployvment insurance

benefits are financed.  Second, 1f the amount of wnemployment Lnsurance

e {0t and the atility level of fejsure are small enough, this social
rhaaming problen alvave vields irvoluntary unemplosment.: emploved workers are
Lestter of f than Indd of f workers.,  Third, the allocation generated by thas

ot hecl seour danndng probien is not Pareto optimal, so that the
I =

mn

corvespondsng contract equilibrium is nonoptimat.  This finding also implie

that the alloeation of this sccial planning problem cannot be supported as ¢

“

omp-trbive spcl parket ecai Tibriom,

o FCconome! e Tmplicat jons

Thers sre two econometric models in the contract equilibrium presented in

10



section 300 The first 1s a bilateral bardaining model between the capitalist
and the worker in which a contingencey vpian for (Ke, Wi, @+, 14, L1:0 S 1

03 ) mavimizes (12) subject to (1) and (101 given U* and (R¢:0 £ t £ ).

A

The Buler cauations impliced by the bilateral bargaining model have been tested
in Osano and Tnoue (1988 using aggregate Japanese data.  The empirical results
give somne os idencee Por Lhe bilateral bargaining model.,

The second = a caprtal owner’s life-cyvele consumption model where o

contingeney plan Por (Cory Sty a0 £ 00 £ o0 maximizes (6) subliect to (8

HA

and 19 given Ay ared Ry, 71 o0 £t >0 )., This life-cycle consumption model
in similar 1o the standacd 1ife-cyelo consumption model considered by Hall
£1978) and Hayvashi (19827 aond the asset pricing model developed by Hansen and
Sitngloton (198230149231, However, thero remalns a question of which consumpi lon
or osavine datla oare Lo e used tor the empirical test. It mav be desirable to
estimalte the Euler cquation in asset nmnvestment instead of consumption to test
this Tifo-crolo consunpt ion mode] .

Noae, suppose that the capital owner’s life-cyele consumption model 1s
veejoctod by data oven though the bilateral bargaining model 1s supported by
date, Then, the discussion of the policy implications of the real business
cvedooanodel by qualified in the way that syvstematic expansionary policies mayv

affect total consumplion and emplosment 1f consumption from profit income is

cornsitive 1o syatemat ie expansionary policies.
. A

6. Concivisron
Thi~ sger has shown that the dyvnamically Pareto optimal allocation
Jonetated iy o read business cvele model is equivalent to the equilibrium

altocatiog generated by long-term labor contracts.  The result provides and



st ilies the cconometric models of long-term lapor contracts tor testing the

real business ovele wodel.  This inding also serves to explain why an cconomy

stronglys charncterized by Long-term labor contracts (1.e., the Japanesc
economy ) have more tendencies towards equalibria than an economy With more
competitive tabor markets (i.¢.0, the US economy) .

Howes ey the polioy et ications of the real business ovele model
considered heve depend on o several restrictive assumptions.  First, if
Toatoirmeat fone! asvinmet pies between contracting agents are serious, =yvstematico
5 may 1ncrease consumpt ion and emplovment. Second, the

Crpansionary polbioies

real husiness cycle model with long-term contracts consists of two marts: the

hilaters] leagaining moedel between the capitalizst and the vorker, and the

capital oiner’s Tife-cyvcle consumption mode!.  In the billateral bargaining
modet, coasumptiion can be viewed as consunption from wages and not as
onsumption from pref it income,  Thus, systematic expansionary policies may
Al fect tolad consnption and enployvment even o the empirical analysis inds
evidonoe inosuppert of the bilaterad bargaining model. This prediction arises

Crom the po-=ibility that the appirical analysis may give some ey idence agains!

the capttal owner’s Tife-cvele consumpt 1on model

ro



. - 1.
PRI TIN5 O A U

The ot ficiency condiibons for the social planning problem are summard ced

BN o0 = AR UelCay, d-lus, Cal)
£ Vtler) = LBV Uellur, 1, (AZ)
SV Ce)aeFvi by, Bedy = A B8 UptCayq, L-iind, (A2)

ZelbaabFutlely, Ky = Cot + Cur + [Uc{Coy, 1-L¢)i-3 ¢ [U(Cer, 1-L¢)

- WCur, DY)+ & 10 = & 20 =0, {Ad)
({1-8 g + 2 Fellile, Ked B Ve V{Cet) = B -2 o N (Ce -1, (AD)
Cer + LeCeor + (1-1 0000t + Kevr = (1-0 k)he = zeF(LLey, h), (A6)

-
FoX At [ TUtCar, I=-Ler + (110 H{Cu, 1)) Z UF, (A7)
S

vher« V7 = V/dCe e, Ue = aU/a0, Uy = gU/a(1-Ly, Fx = 3b/oN and Frx = ‘F/oh: A

153 the nonnegat ive multiplier associated with constraint (7); and & ;¢ and £ 24
arc the nonnegative mullipliers associated with 1y 2 0O and 1 2 1¢. We can
also describe the efticiency conditions for the contract equiiibrium in the

same form as (A1YV=(AT) . The cquivalence of the efficiency conditions verify

Fropesition 1.
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| A4 large number of studies altempt Lo test the intertemporal substitution
Lheory a=ing data in the United States or the tUnited khingdom. For aggregate
time -epriee data, see Hall (1980), Altongi (1982), Clark and Summers (1982),
Mank 1w, Rotemberg and Summers (1985), Alogoskoufis (1987), and Eichenbaun,
Hansen and Singleton (1Y881).

2. This oroblem is particonlarly interesting in the Japanese cconomy because 1t
has been ofton =tated that, after the oil cristis, the Japanese government has
succes=lod in reducing an increase 1n o wages by announcing the guidelines on the
WAL e S,

N It i« assumed that the »atio of capitaliets to workers in this economy is
constarnt,

4. Tn fact, it Ly 1s divisible, the solution of the social planning nroblem
alwaye vicids Yull employment of workers because we consider a conves

environment. whero vorkers and hours are perfect subst itutes,  See Mortensen

- i ! ! 1
5. 1 —— | = Y ————— jes | — ), and k- = 0.
L S N 1+ R I+ Ro L4+ Ry
f3. Note that the product price in each periocd is normalized to unity because

of the Walras law,
7. Cooper- (19388) and Farmer (1988a)(1988bL) show the non-neutrality of
monetary policies using the contractual, overlapping generat ton model wunder the

asyvmme e informeation sUracebure,

1
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