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I. Introduction

According to Robert Hall [1980al, "The greatest recent pro-
gress in understanding the labor market comes from the study of
long—-term employment arrangements. There is no point any longer
in pretending that the labor market is an auction market cleared
by tHe observed average hourly wage." (p. 210). Most e&onamists
would be willing to accept, I think, the idea that there is more
to the recorded payments from employers to their employees than
the‘ equating  of marginal costs and products at each instant in
time. But what are the implications of this idea?” Does the fact
that agents trade in terms of explicit or implicit long-term
contracts render the competitive market equilibrium framework
irrelevant, perhaps even providing a solid theoretical foundation
for the Keyneéian postulate of sticky (nominal?) wages?? O,

does the principal implication of contracting turn out to be, as

Robert Rarro [1977]1 conjectured, that some frequently discussed
aspects of labor market behavior are a "facade," while the sali-
ent results of competitive market theory remain valid? These

issues will be examined here, and the results will be seen to
support Barro’s view.

The analysis is carried out in the context of a particular,
so&ewhat novel, class of economic models. Since many of the
applications towards which the study of contracts is directed
involve business cycle phenomena, it is essentiaf to work with a
genuinely dynamic, general equilibrium framework incorporating
aggregate uncertainty. There are two types of models meeting
these requirements which economists have analyzed: those with

infinite horizon decision makers, and more recently, those with



overlapping generations of finite horizon decision makers. There
‘are several reasons for working with overlapping generations (0G)
models, including their tractability. In the present context, it
is also the case that 06 models entail a natural heterogeneity
which is useful in addressing some issues relating to seniority.
On the other hand, while it does seem true that workers perpetu-
ally come and go (and are all, in the end, transient) in actual
economies, there is this notion that emplovers are more or less
permanent.

Without attempting to explain the evolution of infinite
horizon "firms" in a population of finite lived individuals, one
way hopefully to capture the impact on the employer-—employee
relationship is to introduce some infinite!lived agents who can
be identified as employers into the 0G model. This is what is
done here. Although formal results do not depend on this parti-
tioning of workers and employers by their planning horizon, it
helps to motivate several applications. In fact, the main reason
for introducing some (actually, one representative) infinite
lived agents is a practical one: it serves to restrict the set of
equilibria in such a way as to guarantee that equilibrium alloca-
tions will be optimal in an appropriate dynamic sense. At the
same time, there is almost no analysis in the literature of
models with a combination of infinite and finite lived agents in
an 06 context. The only example that I am aware of is Wilson
(19801, who concentrates on non-stochastic exchange economies.
Hence, it will be necessary to proceed prudently with the formal

specification before labor market applications can be explored.

'

8



The methodology is to begin in Section II by describing an
environment; that 1is, by providing a complete specification of
the technology, demography, endowment, information and preference
structwe for somg artificial community. In Section III, competi-
tive (market) equilibrium is defined, and existence and optimal-
ity are examined. The notion of (labor) contracts and a precise
definition of contract equilibrium are introduced in Section IV.
It is shpwn there that the economy with contracts in addition to
markets is equivalent to the economy with no contracts, in the
sense that an allocation can be supported as an equilibrium in
one economy if and only if it can be supported in the other. 0One
implication is that the existence and optimality of contracﬁ
gquilibria follow directly from the respective results for market
equilibria. More significantly, this equivalence means that the
introduction of long-term contracting does not change the set of
allocations which are attainable as.equilibria. However, it will
be argued that the introduction of contracts can have dramatic
{mplications fbf observations. Thus, the same equilibrium éllo—
cations can produce some vefy different looking patterns Ffor
wages and securities exchanges, depending on whether agents trade
in terms of long—term contracts, or soley through marﬁets. This
is‘the sense in which Rarro’s conjecture, that contracts produce
a "facade" in front of the otherwise accurate predictions of com-
petitive theory, are supported.

Section VI contains some examples. Froperties of optimal
insurance agreements are characterized for the case of separable

workers® preferences and a risk neutral employer, as entailing

perfectly smoothed consumption but (potentially large) fluctua-
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tions in employment, or "effort," for senior workers. Sample
economies are shown to generate equilibria that mimic at least
some aspects of business cycles. While competitive real wages are
necessarily procyclical here, contract wages (that is, employee
compensation per hour worked) can display a wide variety of
cyclical behavior since they include,- in addition to a payment
for productive services, an implicit credit and/or an implicit
insurance arrangement.® Also, both cross—-section and longitud-
inal wage profiles can become confounded by long-term contracts,
for the same reasons.® Finally, the model has implications for
the observation that some markets, and contingent security mar-
kets in particular, appear to be inactive in many actual econom-
ies. In (some) contra&t equilibria, securities do not get traded
because they are unnecessary, or redundant, in the presence of
long—term employment relationships. Competitive complefe market
theory predicts accurately the alloéations of all comnodities
(and hence welfare) that obtain in contract equilibrium, even
though it can misforecast active securities markets and some
aspects of wage behavior over the bussiness cycle and over the

life cycle.



I1. The Environment

Here I describe in order the technology, démography,’endow—
ment, information, and preference structure. Tha£ is, I specify
the envifonment. Time is discrete and continues forever: t =
1.2,... . At each date t there is (ighoring leisure for‘ the
moment) one aégregate consumption good, <, produced via the
stochastic aggregate production function fin,kixe), where n is
labor input, k is capital (or land) input, and xe is a random
variable described fully below. For each e, +f is continuously
differentiable, concave, strictly increasing, and homogeneous of
degree one in (n,k); also, F((O,03xe) = 0. As a convention,
assume ¥ is strictly increasing in x..4

Call xe the state of nature at t and summarize its history

to date by He = (Xi,%24u4..%e). It will sometimes be convenient
to write He = (He—1,%e)o For all Hey, Hes1: has finite support
{1,2,00amdy, with Froblxe«1=jiHel » O, for j = 1,2,...m. In Fig-

e 2.1, each "node" Ht represents a potential course of history
up to date t when-m = 2. It will be useful to enumerate the
countable set of nodes "lexicographically" in the general case as
indicated for the special case in the diagram; let {He) be this
sequence, and refer to it as the lexicographic ordering of the
nodes.s |

There are two distinct classes of individuals in this envi-
ronment. The first consists of two period lived overlapping
generations of "workers," each endowed with one unit of time in

each period of his life to divide between leisure and labor.e®

Let I« be the set (generation) of workers born at t, and assume
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(1,1,1) -

(1,1)<:::::::
(1,1,2) ...
1
- 1,2,1) ...
1,2k<::::::j
1,2,2) ...

Ho

Figure 2.1: The possible evolutions of history from t=1 on, when
m = 2. At each date t, there are 2* t-tuples, He = (K1,...%e),
called nodes. The lexicographic ordering is:

(9]

Hed = {(1), (D), (1,10, (1,2), (2,1), ...

03 _ N —
lo ____
1y o
e _____
’ Is_____ .
t=1 t=2 t=3 ‘e

Figure 2.2: The demography: at each date t, the union of the sets
in column t is the total population.
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that for all t, O < #I¢ =< I for some integer I. The second class
of individuals consists effectively of a single, infinitely 1lived
"capitalist,” éndowed with K units of land (or capital) each
period, and referred to as agent 0.7 Thus, for example, the set
of individuals alive at date t would be e U Igay U {03, consist-
ing of soﬁe young workers, some old workers, and the capitalist
(see Figure 2Z2.2). ‘The value of xt'is revealed simultaneously
with the appearance of I.¢,® and the entire history He is costles—
sly observed. Agents have rational expectations in the sense
that while they do not know the future course of nature, they do
know all prices over evéry possible course, as well as the tran-
sition probabilities FLjiHe]d.

Let c?* (He) and 1% (He) denote consumption and labor supplied
by agent i at node He. Each worker has preferences over deter-
ministic consumption-leisure paifs throughout his life given by
the continuous, strictly increasing emcgpt possibly on the boun-
dary of his consumption set, -and strictly concave utility func-
tion U*:Z= -> R, where Z = R+ X [0,1] is his set of allowable
consumption-leisure pairs at each date.® Agent O has preferences
over deterministic consumption sequences given by the utility

function U®, specialized to

US(Ca,Czpens) = 1im ibtu(cg).
THNO tmey :

where u:R+ —-> R is continuous, cahcave, and strictly increasing,
and O < b < 1. All agents are assumed to maximizre the expected
value of U* subject to the relevant constraints in each of the
economies to be studied. This completes the description of the

environment.



I11. Competitive Equilibria

Here a notion of competitive (market) equilibria is present-—
ad. To begin, consider the generic worker i in I.. At date t,
upon observing He, he chooses a bundle z*(He) in the set
Zi+m, consisting of a current consumption-leisure pair plus a
contingent consuhption—leisure pair for each of the m possible

states at date t+1:

2t (He) = [c* (He)y1=1% (He) 4 €t (Hey1)yuna,p1=1% (He,m) ]

Agent 1 also chooses at date t a portfolio s*(He) in R™, where
the Jj*" component s*,(He) is the amount of the security which
pays 1 unit of ¢ at t+1 if and only if %e = j. He chooses so as

to solve the following problem:

MAX 9*(z2(He)) = S ProbljiHeJU*[c? (He)puowayl=12(He,3) 1

g -3

S.t. €' (He) € wiHe)1t (He) — qeHe) st (He)
- LW [3.13
C"(Ht,j) _ W(Ht,_]‘)l"(Ht,j) + S"_’(Ht)! _'j'——'i,---m

z*AHe) in Z2*m, gt (He) in Rm

where w(Hgs) is the real wage and gq(Ha) is the vector of securi-
ties prices at Ha. At t = 1, ‘the initial old, lo, have already
made their optimizing choices, and therefore s* (Ho),ct(Ho,1)....,
1* (Hoy,m) for all i in Io are given.

Now consider agent O. He must choose contingent consumption
and portfolio sequences c® = {c®(He)} and s= = {SQ(HQ)}, running

over all nodes He enumerated lexicographically. He chooses so as

to solve:



(=4

MAX @=(c=) = = > Prob(He) bTulc®(He) ]
L Y
s.t. Cc®(He) < K

r{He) = q(Ht)SQ(Ht) + S (He—-1) R A |

C®(He) _:: 0, for all He = (Hg—;,)’\g), t=1,2,...

where r(Ha) is the rental price of land at Ha. The initial

condition s®(Hs) is given, and assumed equal to - E
X

st (Ho) . The

notation 2' means to sum over all nodes possible at t.
e

It turns out that problem [3.2°]1 has no solution. This is a
standard difficulty with setting infinite lived agents in com—
petitive credit markets: they (believe they) are able to run up
arbitrarily large debts without ever being held accountable, each
period bofrowing enough to refinance existing principal plus

interest, or more, if desired. Formally, we have:
Lemma 3.1: Decision problem [3.27] has no solution.

Proof: Suppose (c®,s®) maximizes &d° subject to the recursive

budget constraints

C®(He) < Kr(He) - Q(Hg)SQ(Hg) + S99 (He—131).

But consider the alternative sequences (c®+cX,s®+sX), where

for each He = (x,,...,xti
sy (He) é =t {R(X1) =" R(X1gueeaie)?
for j = 1,2,...,m,'where
R(Hs) = { gs; (Ha) 332

umA

is the (certain) gross interest rate at s. Using the budget



restrictions at equality,
CX{He) = (2E=-1) {R{%1) *** RiXi1,0ussXe—2)} > O

is seen to be affordable. By monotonicity, (c®,s®) could

not have been a solution.

@.E.D.

There are several ways to modify [3.2°1 to ameliorate the
"rollover problem” spelled out in this lemma. A natural one is
to restrict borrowing so that agents never end up in a state

where their debt exceeds the present value of their future con-

tingent savings plan. Define pes(Hy) 1, and for each t > 1 and

He = (M1,..0404%e), define

p:(Ht) = qxz(x’-) o CIxt()’(:._q-.-,)(g;-1). nl.[3-3

Now pe(He) is the cost at date 1 of a certain claim to one wunit
of ¢ at node He, purchased via a sequence of (t-1) one-step-ahead
security trades. Hence, it is exactly the present value (at H,)
of one unit of c at He. Let pe = {pc(He)d enumerate these terms
(lexicographically, as always).

The present value of agent O0's contingent savings plan

starting at He up to date T > t is:

~oH

% Pe(Ha) [Kr (Ha) — € (Ha) 1,

-ty N\ P4t

Ve (He,T) =

where the notation 5 means to sum over all nodes at date s which
e\t

are possible given He.®® However, at this stage there 1is no

reason to assume, for arbitrary sequences r = {r(Ha)} and q =

{g(He}>, that this summation converges as T aphroaches infinity,
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and so the present value of lifetime savings may not be well-

defined.** Therefore, it will only be required that the present
value of 0"s debt at any Hey, — pe(He)s®(He), not exceed the
limit infimum of this series. His set of allowable choices is

then written:

S = {g°

“Pe (He) S (He) < liminf vo(He, T) for all Hel

Fp oo

wea[3.41

When pe * 0, imposing the side condition that s= lie in S elimin-
ates the rolloveé problem in [3.2°1 if (and only if) 1liminf
Ve (Ho,T) is finite.

The next step is to consider production. Since technology
in this environment is essentially static, optimization on the
part of the aggregate "firm" involves the standard marginal
conditions for profit maximization. Given instantaneocus values we

and re, if (nX,k¥) maximize f(n,kixe) — wen - rek, then:

frlnk,kXine) £ Wey, = We if NX > O
v [3.5a1

frNk,kXixe) € re, = re if kx > 0,
Suppose, however, that instead of renting out his land, agent O

operates the production process himself, hiring labor at the
competitive wage, using as much of his land as he sees fit, and
retaining for his income the surplus, Ff(n,kiXe) — Wen. If
(n¥X%,kXX) maximize this surplus then=

Frlnkk, kXXsxe) £ Wey, = we if nkx > O

«»«[3.5b1
kxx = K.

Now in the case where O rents his land out, he will do so inelas-
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tically; hence market clearing will require k¥ = K = kXX, and so
[Z3.5al and [3.5b] then entail nX = nxx, also. Thus, employment
is the same in either case. Furthermore, an application of

Euler®*s equation yields:

Fre = Kf(nk,kixe) = F(NXX,Kixe) — nkXfq (XK, Kine)

FNXX,K,2e) = nXkkwe

which implies capital (and thus labor) income is the same.

In other words, the two arrangements for production vyield
the same equilibrium values for employment, output and income.
Formally, it is therefore possible to dispense with the notions
of firms and a (physical) capital market altogether, and to pose
agent O°'s problem as a combined saving—consumption-hiring decis-
ion. This is the sense in which it is possible to ideﬁti#y 0 as

the employer in what follows. To streamline the presentation, let

" N{He) = argmax{f (n,kKixe)—wiHe)n e [J.6al
n>0

be the demand correspondence, with generic element n({He), and

denote the income of agent O by?*S

W (He) = supif (NEixe)=wHe)nld. «aa LI 6b]
nN20O

The optimal hiring decision and the rental price of land will

remain implicit in much of the subsequent discussion, and agent

0O's problem will be written (note s° is restricted to lie in S):

MAX  g°

Sat. €2(He) € WO (He) = QUHe)S®(He) + 8% (He—1) cee [3.2

for all He; c® > 0, s° in S.



We may now define competitive equilibrium. First, let

z(He) = ( sooz*(Hedawa ) - and s(He) = ( Jous8* (Hedooo ) list the

consumption-leisure and portfolio plans of generation le at He,

and let =z = {z(He)2, s = {s(He)J, n = N(He)2, w = {WwiHe), g =
{q(He) >, and we = {w2(He) . Then we have:
Definition 3.1: An  overlapping generations competitive

equilibrium (OBCE) is a set of (non—-negative) price and
quantity sequences (w,q,2,%5,C9,s°,n) satisfying:
1.0ptimization:

(a) for all t, +or all i in Te, For all He: given {(w,ql),
(z* (He) ,8* (He)) solves [3.13.

(b) given (w,g,w®), (c®,s°) solves [F.2] (where w® is defin-

ed by [3.6b1).
(c) for all t, for all He, N(He) & N(He) .

2.Market Clearing: for all t, for all He,

c

(a) ni{He) = 1% (He)
IewIe=-1
o - -
(b) S°(He) = - & 8% (He)
It
(€) C=(He) + & c*(He) = 4(n(He) ,Kixe).
ItLiT e~}

Observe that 1 and 2 are required to hold for all He; thus,
these conditions must be satisfied for each possible realization
of the xe¢ process. Also, markets are required to clear exactly
{(strict equalities in 2), but this is unrestrictive due to the
monotonicity of preferences. The following is proved in Wright

[1983]3: 22



Theorem 3.1: For the specified environment, O0OGCE always

exists.

The welfare properties of competitive equilibria will now be

explored. To begin, some terminology must be made precise.

A}
Definition 3.2: An allocation is a listing (z,c®) of the
consumption-leisure bundles of each i in Ie, z*(He), For
each He possible at date t, (t = 1,2,...): plus the

consumption of agent 0 at each He, plus the values of

(e (Ha) ,1-1%(H,)] for the initial old Io.

Definition 3.3: An allocation (z,c®) is feasible if

Y et (He) £ F(n(He) ,Kixe) ,

ITtUuIe-1

ce (Hg) +

where n(He) = E 1* (He), for each He possible at date t (t

Iturxe-1

= 1,2,...).

Definition 3.4: Given two feasible allocations, (z,c®) and

(E,E“), the former dynamically Pareto dominétes the latter
if at each date t, far each i in Ie, for every He

P (24 (He)) > @ (2% (He)),
and

p=(c®) > @=(co),

with strict inequality for at least one agent.

Definition 3.5: A feasible allbcation (z,c®) is dynamically
Pareto optimal (DPO) if there exists no other feasible

allocation which dynamically dominates (z,c®).

Observe that this notion of optimality is concerned with the

14



well being of agents given their birth states. An alternative

version of optimality would involve the unconditional expected

utilities of agents.

Definition 3.6: Given two feasible allocations, (z,c®) and

(z,c®), the former strongly Pareto dominates the latter i+#

for each date t, for each i in I

ELP* (2% (He)) ] = p ProblHele* (z* (He))
e

> E[R* (Z* (He)) 1 = 2 ProblHe Jat (z* (He)) ,
. t
and
Pe(c=) » @o(ce),

with strict inequality for at least one agent.

‘Defipition 3S.7: A feasible allocation (z,c®) is stknngiy
Pareto optimal {(SF0O) if there exists no other feasible

allocation which strongly Fareto dominates (z,c®).

DFD is a weaker concept than SFO. If (z,c°) is not DFO then
there exists some reallocatioﬁ satis*yingvthe inequality on o<
and the inequalities on every ¢! (He) for each He which is possib-
le at t in Definition 4.3 with strict inequality somewhere. This
same reallocation thus also satisfies the inequaliéy on @< and
(averaging over He¢) tﬁe inequaiities on every EL[d*] in Definition
4.5, with strict inequality somewhere, sc‘that {(z,c®) cannot be
8FP0O0. Hence, SFO implies DF0O. On the other hand, DFO allocations
need not be SFO, since when the value of & for two agents varies
in different directions across He states, by céncavity Eéd could

be increased for both by averaging their allocations across these

states. S



The competitive mechanism has little chance of achieviﬁg SFO
allocations,_ due to the limited participation inherent in the
overlapping generations demogtraphy. There is no way for Qorkers
to insure themselves through the marketplace against contingen-—-
cies (such as lower. than average wages) which are revealed before
they appear in the economy. However, it is shown in Wright

[1983]1 that competiitve equilibria are necessarily DFO.

Theorem 3.2: I+ (g,wyz,5,c°,5°,n) is an 0OGCE then (z,c®) is

DFO.

This result is interesting because it is well known that
competitive equilibria need not be optimal in 06 models where all
agents have finite horizons. The standard optimality proof (e.g.
Debreu [19541) fails because the value of aggregate wealth is not
neccessarily +finite in those econamies. In the present model,
the presence of some iﬁfinite horizon decision maker (s) serves to
guarantee that the value of aggregate wea}th is finite. It is
important to emphasize that optimality has nothing to do with the
presence of something called "land" or "capital” in the environ-
ment. Agent O need only be endowed with something of value, such
as - productive labor time, in all (but a finite number of) per—
iods. Land is not a store of value ;n these economies, and
consequently - is not able to play the role that fiat money plays
in some 0G models (see, €.9., Wallace [19801).

The fact that competitive equilibria need not be SFO should
not be construed as a defect. Both Feled [19801, and Cass and

Shell [1983] argue convincinly that DFO is the "correct" optim-
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ality criterion for 0G environments. Furthermore, as Peled puts
it:

Whenever - the optimality criteria used in evaluating
allocations is stonger than that used by agents in their
maximizing behavior, one should not be surprised that
decentralized equilibria turn up to be non—optimal. A
larger reward, and perhaps a greater challenge, lies in
the extensions of the environments in which the funda-
mental welfare theorems hold, and the understanding of
why these theorems fail in other environments. (p. ‘B89
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IV. Contract Equilibria

A new economic object will now be introduced, the (labor)
contract.® Agent O (the employer) makes the contract offers to
the workers, who simply accept or reject: "bargaining" is not
analyzed. All agents are bound by the terms of any arrangement
they enter into; reneging on contracts is ruled out. The main
results will be seen to imply that contract equilibrium is equiv-
alent to competitive market equilibrium in a precise sense,
although the obsevations generated by the alternative equilibria
can be quite different.

To begin, define a contract offer by 0 to worker i at date t
in state He to be a vector y*(He) in the set Yi+m, where Y =
R+« X [~1,01, specifying a current compensation—-{(minus employment)
pair, plus a contingent compensation—(minus employment) pair for

each state which is possible at date t+1:7

y" (He) = [d* (Ht),—e‘ (Hg),d" (Hg, 1),.--,"E" (Hg,m(Ht))J,

where d* (He) and e! (H.) denote contract compensation and contract
employment, respectively. Let a*(He) = 1 if he accepts, = 0 if
he rejects the o*fer; and for future reference, let vy (He)
= (....y‘(Ht)... )} and a(He) = ( ...a*(Ht)..; ) list the offers
to and the decisions of generation Ie at He.

In addition to accepting or rejecting the contract y*(H), i
s£111 has the option of participating in the market place. If he
chooses a market consumption-leisure bundle z* (He), his pet (mar-

ket plus contract) bundle will be

z3 (He) + a2 (Ht)y" (Ht),

i8



constrained to lie in the set Z**™,1® He also chooses a portfo—

lio s (He). His decisions are made to solve the following:

MAX @*Lz2 (He) + at (He)y? (He)
s.t. ct (He) E W(He) 1t (He) + a* (Hedd* (He) - gq(He) s* (He)

C* (He,yd) £ wlHey,3)12 (Hey, )
: ..a[4.11]
+ a* (He)d?* (He, i) + s, (He)

21 (He) + a* (He)yt (He) in Zi+m,

S* (He) in R™, a* (He) in {0O,13.

In order to Fformulate O’s decision problem, it must be
established how he will come up with contract offers +For his
workers. In the partiai equilibrium treatments in the implicit
contract literature, employers attempt to maximize their utility
by offering workers compensation-employment packages subject to
the constraint that the latter’s utilities are not below some
fixed level. This level, UX, say, is typically fixed exogenously
with an appeal to "market conditions"” outside the model.:® Here,
it will be assumed that 0 maximizes his utility by trading in the
markets and/or through bilateral arrangements with workers, sub-
ject only to the constraint that a worker will not accept an
offer which reduces his utility below what that worker could
achieve by trading exclusively in the market place. Let A (Hy)

be the set of offers acceptable to i in I. at He:

-

A* (He) = {y* (He): sup @* s.t. constaints [4.1] and a* (He) = 1

2 sup @' s.t. constraints [4.1] and at (He) = O,

It should be emphasized that it is possible for agents to
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accept contracts and still trade in the market place, "moonlight-
ing," if vyou will.=2¢ Let A(He) = ( J..A* (He)... ), and let
A = {AlHe) . It will be assumed that agent 0O, as the employer,
chooses sequences for his consumption; portfolio, and market
hiring, plus a sequence of contract offers yv = {y(He)3> in A.

Denote total (market plus contract) labor demand at He by

Nk (He) = n(He) + E at (Hede* (He) + E at (He—z) et (He) ,

t t-1
and the income of 0 at He by

WX{He) = F(NX(He) yE3xe) = wilHedn (He)

-

- g at (He)d* (He) - a* (He—2)d?* (He) .
t

: r\r"l

-1

Agent O°s choice problem may now be written:

MAX @< (ce) = ProblHe iH2 ] b®u(c (He) )

pipva |

t

Ea

s.t. c®(H) 5y WKk (He) — glHe)s® (He) + S®x¢ (He—12)

e [4.21
Wk{He) = F{nXk(He) ,K3%e) — wiHedn(He)
- < L (He ) dt - C 1 i

4 a «)d (He ) at* (He-1)d (He)

t -1
nX{He) = Nn{Hg) + E at (He ) et (He ) + g at* (He—1) et {(He )

t t-1

- c®, n¥ > 0, &= in 8, y in A.

Notice thgt market hiring, ~n(Ht), is not>restricted to be non-
negative —-- only total (market plus contract) hiring is. Also,
one can think think of agent 0 as solving [4.2]1 in two stages:
first choosing v and nX¥ to maximize w#, and then choosing c® and
s° to maximize &@® taking income, wX, as given. These facts will

become important below.



It is now possible to define a notion of contract equili-

briums:

- Definition 4.1: A contract equilibrium (CONE) is a set of
price, quantity, and contractual arrangement sequences
(W Q,s2,8,€°,5°,n,y,a) satisfying:
l.0ptimization:

(a) for all t, for each i iﬁ Ie, for all He: given (WeqQuvy),
(22 (He) 4 8* (He) y a2 (He)) solves [4.11.
(b} given (w,g,A), (c®,s5°,n,y) solves [4.2]

2. Market Clearing: for all t, for all He,

(a) N(He) = % 1% (He)
IGU-It‘l
(B) S=(He) = — $ st (He)

It

(C) C2(He) + 3 et (He) = F(NX(He) ,Kixe)

b2 IWE FTH

at (He—21)d* (He) .

- Z at (He)d* (He) -

t

N

Notice that conditions 2 in this definition are expressed in
terms of market supplies and demands. For the consumption good,
not all output is available for sale on the market -—— some‘ has
been previously committed by contract (to some of the employees),
and must therefore be subtracted from gross output on the right
hand side of 2(c). For labor services, only E 12 (respectively,
n) is supplied (respectively, demanded) on the market, al though

potentially more is traded through contracts. By de{initicn,

there is no market clearing condition for contract trades.



The next step is to verify the existence of CONE, which
turns out to follow difectly from the existence and optimality of

0GCE.

Theorem 4.1: For the specified environment, CONE always

exists.

Proof: By Theorem 3.1, there always exists an 0GCE,
(;,a,;,;,z°,;°,;), for this environment. Call out the same
prices (;,a). Then each worker can always do as well as he
did in OGCE by réjecting all contracts. Hence, any vy in A
must make all workers no worse off than the allocation
(z,c®). By Theorem 3.2, (;,E°) is DPC, and no reallocatiop
can make agent O better off. 8Since he can always do as well
as ‘in OGCE, simply by offering null contracts, vy = 0, it
follows thaf (c®,s°,n,0) solves [4.2]. Now (;,;,O) solves
. [4.11 for every worker. Since markets clear in O0OGCE, it

Q. E- D.

The CONE constructed in the above proof is a trivial one, in
the sense that all exchanges take place through the market (only
the O contract is evér traded), and the allocation is one which
can be supported as an OGCE. That there are CONE with non-—-zero
contracts offered (and accepted) will be demonstrated below. O+
immediate concern is whether their exist CONE allocations which
cannot be supported as OGCE, and the following answers in the

negative:



Theorem 4.2: If (w,q,=,S5,c°,8°,n,y,a) is & CONE, then

(WyQez¥,8,°,89,n%X) is an OGCE, where

T (He) = 2zt (He) + at (He)y? (He)

and

X (He) = n(He) + 2 at (Hed et (He) + E a! (He—sdet (He) .
t t-1

Proof: Let (w,q,z,5,c®,5°,n,y.a) be a CONE.

(i) Suppose that given (w,q), (z¥* (H¢),s5* (He)) does not
solve [3.11 Ffor some i at some He. Then there is some
(z* (He) 5 (He)) such that

P* (2 (He)) > @t (ZX* (He))

€ (He) < W(He) 14 (He) = q(He) st (He)

C*(Heyd) £ WlHey j)12 (Heyj) + stj(He).

But now (z‘?Hg),s*?Ht),O) satisfies the constraints in [4.11]
and yields a higher value of p* than (2t (He),s* (He),at (He)).
This contradicts the hypothesis of CONE (cbndition 1¢(a) in
De*iﬁition 4.15, thus establishing that (z%,s) solves [3.11]
for all i at every He..
(ii) Now suppose that, given (w,q), n% does not maxi-
mize profit at each He. Then there is some n such that
F(N(He) ,Kixe) = wiHe)n (He)
> FNX(He) ,K3xe) = wiHe)nX (He)
= F(Nk(He) ,K3xe) — wlHe) [ N(He) + %ta*(Ht)e*(Ht)

+ 2 a*(He—a)e* (He) 1

It~}

(using the definition of nX) at some He. Rearranging and

subtracting contract compensation from both sides of the

h
“



inequality,

FUN(He)  Kixe) = wHOL n(He) = & at (Hede* (He)

It

- Z a* (He—1)et (He) 1 - Za‘ (He )Y d* (He) —} a* (He—a)d* (He)
t t=3

-1

P FANKCH) K e) = wiHeIn(He) = & at (He)d? (He)
Te

at (He—1)d* (He) = wX(Hed o
-1

Hr‘-.,.( '

t

But the left hand side of the inequality is the profit that
results when the same contracts are offered as 1in the

hypothesized CONE, plus an additional
- A <
n{Hg) = > a AHe ) @22 (He) = 0 at (He—a ) et (Ht_)
4 foor

is purchased on the spot market. This cannot be greater
than w¥(He) in CONE, so it follows that nX must in fact
maximize profit at each He.

(iii) Suppose that given (w,q), (ce,s5°) doés not solve
[3.2]. Then there is some (c®,s°) such that

@=(c®) > @=(c=), and

C®{He) £ WO (He) = q(He)s® (He) + S%x (He)

for all He, where

WP (He) = sup [F(N,Kixe) — wilHe)nl < w¥(He).

n20
The last inequality follows from the fact that agent O can
always choose v = 0 in [4.2]. But now (E,;,n,y) satisfies

the constraints in [4.2]1 and yields a higher value of &<,

contradicting the hypothesis of CONE. This establishes that

(c®,s°2) solves [4.2].

Summarizing, it has been shown that given (w,q@), all



warkers and agent O maximize their utility, and profit is
maximized, at the quantities (z¥,s,c®,5°,n). It is easily

verified that the following conditions also hold:
<
NX(He) = 1% (He)

ItLsTe-t

T Xt (He) = F(nk(He),Kixe).

ItUIe-1

c@(He) +

The conclusion is that (w,qg,zX,s,c2,s°,n%) is an 0OGCE.

8.E.D.
An immediate corollary is:

Theorem 4.3: If (wygQuz,s,c®,8°,Nn,y,a) is a CONE then (z,c®)

is DFPO.

Proof: This follows directly from Theorem 4.2, and the fact
that every OGCE is DFO by Theorem 3.2.

Q.E.D.

In the proof of Theorem 4.1 it was demonstrated how one
could construct a CONE from an OGCE. Theorem 4.2 shows how to go
in the other direction. Hence, it has been proven that an allo-
cation can be supported as a CONE if and only if it can be
supported as an 0OGCE. In other wprds, introducing contracts into
the economy has not changed the set of allocations attainable as
equilibria. But if they have no implications for allocations,
just what is the significance of contracts? It turns out that
the presence of contract trading can have dramatic implications

For example, for any given O0GCE (w,q,z,s,c®,5°,n), one

particular CONE is (w,q,;,O,cﬂ,0,0,y,a), where for all i at He,

3]
w



Z4(He) = [0,1,...0,1]
(i.e., 1 purchases no consumption good and sells no labor time on
the market), anq
a* (He) = 1

z4 (He) = 2+ (He) .

y* (He)
That this is a CONE can be deduced using an argument similar to
the proof of Theorem 4.1. Indeed, this is the opposite extreme
from the equilibrium constructed there, since here all trades are
bilateral, while there all trades took place on the market.®* An
outeide observer of this economy (such as an econometrician)
would see worker i supplying ! (He) units of labor and receiving
dt (He) uwnits of the consumptian good as compensation at Hew
Would it not be reasonable for him to conclude that the real wage
being paid to worker i is w? (He) = d* (He) /2t (He) 7
Yet w*(He), in general, éﬁbodies more than a payment +For
labor services, since the contract is also replacing securities
market trading. The competitive market wage, w(Hti, alwéys equals
frink(He), Kixe) when nk(He) = O, However, due to an implicit
credit arrangement between 0 and i, w*(He) can be lower or higher
than the competitive market wage depending on whether i is a
saver or a debtor at He. Additionally, due to an implicit risk
sharing arrangement between 0 and i in Ie, w? (He) might deduct an
insurance premium, while w*(He,%ew1) could be higher than
WHe,%ewr1) when the latter is below average, and vice versa.=2=
For reasons such as these, the wage digpercsion across individu-
als, as well as the profile of wages ftor worker i over time, can

display patterns which are difficult to explain in terms of the



competitive market framework. When all trades are bilateral, the
economist never receives any observations on market wages, and it
will be a_di#ficult task to unscramble the multiple roles played
by long—-term employment contracts. |

One possibly misleading observation is that, in the CONE
constructed above, contingent securities are never traded. fhere
is a crucial distinction to be made between markets which are
inactive and markets which are nonexistent. The fact that con-
tingent securities markets are inactive in this CONE has no
implications for allocations or welfare; these securities are not
traded because they are unnecessary, or redundant, in the presen-
ce of long term employment relationships. On the other hand,
arbitrarily shutting down the securities markets can effect the
equilibrium. If s*(He) = 0 is imposed on agents, the economy
could still operate, but of course the the resulting maket equil-
ibria would not generally be DFO. This should be expected to
have implications for contracting: employers have a greater po-
tential to extract a "rent" from their workefé in providing
bilateral insurance or credit arrangements when those workers
have fewer other (market) opportunities. Shutting down these
markets shifts the terms of trade in favor of emplovyers. Hence,
even inactive marketé, by the very possibility of their opera-
tion, can have an important role in the economy.

Now the remarks in the above three paragraphs wouid increase
in significance if there was some reason to suspect a tendency
for the equilibrium with exclusively bilsteral trading, instead

of the original OGCE, to obtain in actual economies. There may

be good reasons for such a suspicion. To the extent that the
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organization and operation of markets is at all costly in the
real world,. one would expect to see institutions‘ arise which
minimize the necessary set of trading arrangements. It seems
reasonable to conjecture that we will not observe securities plus
spot trading when a small number of bilateral arrangements can
support the same allocations, as would be the case when the sets
I« are not too big or too diverse. Although transactions costs
have not been modeled here, the resources required for the set up
and maintenance of markets have potential as one explanation of
the institutional trading arrangements that tend to surface.
Such an analysis, however, is beyond the scope of this study.=®S
In any case, the stand taken here is that the important
implications of emplbyment contracts are for observations, and
not Ffor allocations. This view is quite different from that
taken elsewheres Ito [1980]1, for example, states that "Examining
the reasons why resoﬁrce allocation deviates +rom the Arrow-
Debreu allocation is the key to understanding the implications of
implicit contract theory ..." (p. 10).#2 An exception to this
trend in the literature is Robert Barro [19771, who was lead to
conjecture the following: "In fact, the principal contribution of
the contracting approach to short-run macro-analysis may turn out
to be that some frequently discussed aspedts of labor markets are
a Ffacade with respect to employment fluctuations." (p. 316).
Although I do not think the adjective "short—-run" is required,
the results here clearly lend support to this general position on
the implications of contracts. In the next section, examples of

the "facades" which may appear are examined in detail.
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V. Examples

Here some parametric examples are presented. These not only
provide insight into the workings of the model, but demonstrate’
how some observations that economists have considered in need of
explanation emerge naturally as the equilibria of simple, per-
fectly Ffunctioning economies. Applications to real wage move-
ments over the business cycle, as well as some implications for
seniority observations, will be discussed.4 First, the nature of
the cycles displayed by the model must be examined.=2%

One enofmous simplification is achieved by assuming that

agent O is risk neutral:

Lemma S.1: If agent 0 is risk neutral then securities prices
in (OGCE or CONE) equilibrium with c® > O are given by

Qs (He) = b ProbljiHel.

Proof: Consider decision problem [3.2]1, underlying OGCE, in

the case where O is risk neutral (i.e., ul(c) = c):

MAX @ = & 5 FrobfHe!Hid bec® (Hy)
=31 Ht

s.t. CO2{He) = Wa(Hg) - q(H‘:)SQ(Ht) + S5 (Hew—1) W

Substituting the budget constraints at equality‘ into the

objective function, the problem becomes

MAX g & ProbfHe!H:d BELwS(He) = q(He) 5% (He) + 5%x¢ (He_s) 1.
tm3 M

Necessary conditions +or an interior sclution (i.e., one

with c®(He) > O for all He) are the “"Euler equations”

- FroblHeiH1l qs(He) + b ProblHe,jiH ] = O



for all He«a = (He,j). Rearranging and using the definition

of conditional probability,
Qs {He) = b ProbljiiHe].

Since any CONE implies a OGCE with the same prices, by
Theorem 4.2, the result also holds in CONE.

&.E.D.

For the sake of illustration, the case where workers have.
log-linear preferences will be analyzed in detail, although more
general specifications will be returned to. Thus, suppose every
i in each generation has preferences over deterministic net
(market plus contract) coﬁsumptiqn—leisure profiles (ci,ca,1-

13,1-12) given by
U* = 1In cy + 1In [1-13:3 + ln c= + 1n [1-1=21.

Considering the case of one representative worker in each genera-—
tion, and therefore deleting superscripts, by substituting the
budget restrictions at equality into the  objective +function,

problem [3.1] becomes:

" MAX @ In [Iw(He)1 (He) — qi{He)s(He)d + 1n [1-1(He) 1

+ i Probli iHed{ln [W(He, )1 (He,J) + 55 (He) ]
EX R
+ 1n £1-1(He,3) 32,
Assuming that the constraint on leisure being less than or equal

to 1 is not binding (the consistency of this assumption may be

checked later), necessary conditions for a solution are:

&
R



[w(He)1{He) = glHe)s(He) 172w (He) — [1-1(He) 172 = 0O

Cw(He 321 (Hey3) + Sy (He) 3172w (He,3) = [1=1(He,j)1—2 Q

. ceo[S.11
- [w(He)1 (He) — glHe)s(He) 172 gy (He)

+ [WwlHe,j)1{He,3) + s3(He)I™PrabljiHe] = O,

where j = 1,2,...m.

Consider the case with m 2 and transition probabilities:

Fais if de =1
FrobLjiiHel = Fi(He) =
Poy if xe = 2
for j = 1,2, where Pyy > O and Fia + Faa = 1. Thus, xe follows a

two state, time invariant, first order Markov process. Assuming
that agent O is risk neutral and c® > 0, by Lemma 5.1 asset

prices may be written

b Pg; 1f ¥e = 1
s (He) = b PJ(Ht) =
b‘PaJ if Me = 2
for j = 1,2. Now [S.13] may be solved for the decision rules, or
the "demand system:"
1 (He? , TwiHe) = bPy (HedwiHe, 1) — bFa(He)w(He  2)
- 4w (He )
1{(Hey 1) ~wilHe) + BLT+HPo(He) JwiHe 1) — bPoa(He)wiHe, 2)
4bw (He, 1)
1 {He,2) = t—wilHeg) — BPF; (Hedw(He, 1) + BLI+F, (He) Jw(He 2 .. [5.2]
4bw (He  2)
S1 (He) WiHe) — bBLi+Fa(He) JWwiHe 1) + bPFa(He)w(He, 2
Z2b
S= (He) wiHg) +

bF; (He)w(He, 1) — bL1I+P, (He) Jw(He  2)
2b
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Assuming agent O is risk neutral is attractive because it
implies that {qQ(He)} is completely determined by the stochastic
process {x+e) and the discount parametric b; agent O is willing to
absorb entirely the risk (of low wages) in period t+1 for each
member of Ie, subject only to c® > 0. However, even for the case
of log—linear worke}s it is difficult to explicitly compute a
sequence {w(He)> which equates labor supply with some element of
the demand correspondence at each He. One strategy is to concen-
trate on the special technology that is lipear in labor input,
allowing a separation of price and quantity determination analo-
gous to that employed in the securities market: the instantaneous
wage will be identically egual to the marginal product of labor
(which is constant in n, but does depend on &), and firms will
hire all of the labor forthcoming. With wages a technological
datum, the right hand side of [5.2] is completely determined.
fualitative properties of more general specifications can be
inferred from the special case; making the production function
conﬁave in n typically smooths out the equilibrium time series
without changing the basic properties of the model.

With technology linear in n, _write wy = f,(n,kK3ix4) Ffor
j = 1,2 and assume wz * wiy. Since workers live two periods and
Xe follows a first order process, labor supply decisions at t
depend qnly on Mewes and.xt. Let L(i,j) be the aggregate labor
supply when (Xe—a,xe) = (i,3); then the equilibrium employment
path is given by the stochastic process {L{Xe-1,%e)d. There are
four combinations of (xe—1,%e) that can occur; aggregating [S5.2]

and simplifying:

7]
hJ



L(1,1) = 7b=1-b(l+b)Fas - (1+b)(1-P,3) wa

4b 4 Wi
L(1,2) = o=bFga+P,; =~ 1+bP, +b2(1-Fo2) wy
4 4h Wz

.. [5.32
L (2, 1)y = 6"‘bF‘l b +F'z? - 1+bFooa+b® ( 1_P1 1) Wa
4 4b Wi
L(2,2) = 7Zb-1-b(1+b)Fa2 - (1+b) (1-Faa) wy

4b 4 W

Given the special assumptions it is possible to analyze the
dynamic behavior of this economy simply by studying the set
Ldigy ¢ i, = 1,2%. The following result, depicted in Figure

5.1, is proved in Wright [19831:

Theorem S.1: In the case where 0 is risk neutral, all i are

log-linear, and +f is linear in n: in equilibrium with

-~

interior solutions, employment satisfies L(2,1) < L{1,1)

L(2,2) < L(1,2).

L(i,j

Figure S.1: The ranking
XEx kX of employment states by
(He—-1,4e) pairs.
L2228
KXok x

Xxkokx

(i,3)
(2, 1) (1, 1) (2,2) (1,2)

Notice that the aggregate labor supply responds in the same
direction as the productivity shocks: L{xe—1,2) * L(Xe—a1,1) for

any MHe—i1. Hence, (as long as the xe¢ shocks do not affect the
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productivity of capital too much in the wrong direction), output
and employment display a high degree of ‘'"coherence." Another
implication 1is that when the previous period was bad, the labor
supply curve (as a function of the contemporaneous wage rate wy)
is uniformly higher than when the previous period was good. That
is, L(lyxe) > L(2,%¢) at £, For any Xe. This property actually
extends to any worker preferences for which leisure is a normal
good, and has importanf implications for the ‘“stability" of
equilibrium time series: Feriods of sustained high (respect-
ively, low) productivity will see output regress towards its
trend level, as workers translate their windfall gains (losses)
into a higher (lower) demand for leisure. Another way to say the
same thing is that the early part of a run of high %Xe’s will see
the largest levels of output, as workers strive to take advantage
of the transitory earning opportunity, while the early part of a
run of low Xe’s will see the greatest reduction in output, as
workers take low wages to be a signal to work less.

Hence, exogenous shocks are, symmetrically over the cycle,
amplified by the endogenous labor supply decision, but this
effect 1is only temporary and fades out as changes 1in wealth
impinge on the demand for leisure. This is ah interesting pheno—
menon to observe in a perfectly functioning economy, for one of
the most challenging tasks of equilibrium business cycle theory
is to explain the swings in employment which pervade actual
economies. As Lucas E19775 puts it: "...nowhere is the *apparent
contradiction® between ‘cyclical phenomena’® and “economic equili-

brium® theory sharper than in labor market behavior. Why, in the



face of moderatély fluctuating nominal wages and prices, should
households choose to supply labor at sharply irregular rates
through time?" (p.Z2Z20). This is especially puzzling in light of
the low {(near zero) estimates of the long run labor supply elas-
ticity which are generally accepted.

The answer here is a form of the infertemporal substitution
model of labor market behavior.=®® Agents '"choose to supply labor
at sharply irregular rates through time" simply because it is
efficient to specialize, warking more when wages are high, and
then smoothing consumption via securities trading. With time
separable preferences, intertemporal substitution effects depend
critically on the availability of some mechanism (such as secuff
ities markets, or contracts) through which resources can be
traded across time. In fact, with log-linear preferences the
absence of any such mechanism results in constant employment, and
therefore the cycles displayed in a market economy with securi-
ties trading ruled out will be less severe. Yét the restricted
allocations are dynamiéally Fareto dominated by the laissez-faire
equilibrium allocations. It is simply more efficient for employ-
ment to fluctuate. Labor supply responses to transitory wage
shocks can be quite large, in spite of the ftact that the model is
cogsistent with a negligible long run labor supply elasticity fit
is immediate From equations [5.3F] that a long run increase in
wages —— a proportional incgease in both w, and wz =-- has no
impact on labor supply.=®7 |

To briefly investigate the implications of serial correla-

tion in (%<2, consider the total derivatives of equations [S.31:



dL(1,1) = (1/4) (1+b) (W=/wi1~-1) dF.,
dl(1,2) = (1/4) (1-wi/w=z) [dPi; - bdF=2=]

sealT.41]
dlL(2,1) = (1/4) (1-w=/w3) [dF== — BdFi1.1]

dL(2,2) = (1/4)(1+b)(w1/w2—1) dF =z

One Eonsequence is that employment is increasing in F,i: and
decreasing in Fz=z, the result of changes in expected wealth;
which affect leisure demand. Second,

dFa1s > O

> odil(i,1) > 0, i = 1,2

dFz= > 0 = dL{(i,2) < 0, i = 1,2

The persistence of bad shocks tends to increase employment when
e is low, while the persistence of good shocks tends to decrea;e
employment when Xe is high. However, it would be hasty ta con-
clude that serial correlation in {xe} necessarily implies smooth-

e time series. Equations [5.4] vyield: dFi1 = dF22 > O =3

3]
h

dL(i1,1) > Q, dL(1,2) > O, dL(2Z2,1) < 0, dL(2,2) <« 0. So a symme-
tric increase in the serial correlation of {xe} spreads out the
extremes in employment, while moving the intermediate states

closer together.

L¢i,g)
XXX %X Legend:
s
+++++ low serial correla-
KKX KX tion in Xe: N
KEXKX
FRTRTAras high serial corre-—
b lation in xe: XkX%kXk
XKEXXX ‘
(i,3)

(2,1) (1,1 (2,2)  (1,2)

Figure 9.2: The ranking of employment states with F;; and Fa=
both higher in the *X% equilibrium than in the ++ equilibrium.
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As alluded to earlier, there is a possibility o? implicit
contractual arrangements confounding cbserved real wage movements
over the cycle. Kydland and Frescott [1980] suggest (but do not
analyze) a '"potential source of cyclical measurement bias [re-
sulting froml-the implicit employment contract" (p. 179). It is
an implication of their equilibrium business cycle model, as it
is of many such models, that the real wage should move procyclic-
ally; however, they indicate that thé data does not unequivocally
support this prediction.=® It is therefore important to investi-
gate any potential cyclical bias in the real wage series expli-
citly. To begin, consider an OGCE with a bundle for i in I. of
T (He) = [c* (Hedpune,y 112 (Heym) 3. Assume that f. is increasiné
in %«. In the equivalent exclusively bilateral CONE, as discussed

in the last section, one has d*(He) = c!(He) and e* (He) = 1% (He),

and the contract wage for i, w* (He) Ct (Hed /1% (He) W
Risk sharing tends to smooth C* (He,Xe+1) across xesai: in
fact, as long as U* is separable in old-age consumption and

leisure, and agent 0 is risk neutral, it is easy to verify that

C* (He Xe+1) is constant across Xe+i, although 1% (He,Xess) is not.

Theorem S.2: If worker i has preferences which are separable
in second period consumption and leisure, and if O is risk
neutral, then in O0OBCE or CONE with interior solutions
C* (He,%e+1) is constant across Xe+i, while 1% (He,Xews) fluc-—

tuates procyclically.

Proof: Let Ut (Ca,1-11,C2,1-12) = Uol(Ci,1=1,) + UelCca) +

Uy (1-1=2). The problem



MAX Uolc (He),1-1(He)) + E Fa (He) {Uc (€ (He,§)) + Uy (1=1(He) )3
S.t. C(He) = wiHe)l (He) = q(He) s (He)

CHe,d) = WiHe, )1 (He, 3) + 55 (He)

has as necessary conditions for (interior) solution:

Der(C(Ht),l‘l (Ht))'q_.. (He) = Fy (Ht)'U=’ (C(Ht,_'l))

Ue” (ClHeyd)) wiHe, 3) = us” (1-1 (He, j))

for j = 1,...m. The first of these implies:

Ue’ (C(HeyJ)) = DeUo(c(He),1=1(He) ) " gy (He) /F5 (He)

Deug(c(He) ,1=1(He) )b

for all j, by Lemma S.1. Hence, the left hand side is
constant in Jj, and so old age consumption is perfectly
smoothed; say c(He,j) = cx for all j.

The second marginal condition now implies:
U " (1=1(HeyJ2) = wWiHe, ) uc?® (ck)

By strict concavity, u® is strictly decreasing, so old—-age
leisure = 1-1(He,j) is strictly decreasing in w(He,j).

Q- E- D.

At least in the separable caée, then, the consumption of
senior employees is perfectly smoothed, while their employment is
positively correlated with productivity.®® Thus, even though the
competitive wage rate is procyclical here, by construction, ob-
‘servations on senior employees® contract wages will be counter-

cyclical in the sense that when productivity goes up, w* = ct/]t
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goes down (and vice-versal. At the same time, by specifying high
enough serial correlation in the {#.) process, it is possible to
generate equilibria where sénior workers®™ contract wages are
positively correlated with the competitive wage in steédy state,
as 1is done in the Appendix. So there is also a sense in which
one can say senior contract wages sometimes move procyclically
for certain parameterizations of the model. However, precisely
because of the implicit insurance aspect of the long-term employ-
ment arrangement, senior cnntract wages move less procyclically
than competitive wages, and often countercyclically.

For young workers the story is different, since by the hyp-
othesis of overlapping generations and the timing of e,  agents
are not able to enter into contracts whiéh smooth consumption in
their vyouth. For the linear/log-linear economy with Fi3 = Faz=

= .5, the contract wage for i in I¢ at He is (from [5.21):

wi (He) = ¢t (HL) = W(H;)z -+ bW(H;)EW N
lt(Ht) 3W(Hg) - bEw
where Ew = .5(Wai+wza). As b => O, w* (He) => wi(He) /3, and thus
moves procyclically. Meanwhile, as b -> 1, it is only slightly

more difficult to verify that wt (He) must move in the opposite
direction to w(He), 4i.e. countercyclically. In simulations of
the 1linear/log-linear economy in the Appendix, there are cases
where young, old, or aggregate workers® contract wages move with,
and cases where they move against, the cycle.

In general, senior workers® contract wages will be more or
less wvariable than :dmpetitive wages depending on which fluc—

tuates more, their labor supply or the competitive wage. It is

7
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entirely possible that fluétuations in senior workers’® contract
wages will be small, especially in economies where employment by
these workers does not vary much. However, by suitably choosing
the parameters it is possible to realize values of senior employ-
ment at or as near 0 as desired in some states, and have it
strictly positive in other states, resulting. in arbitrarily large
countercyclical wvariability in senior cohtract wages., Now of
course labor statisticians may well differantiate between the
hourly wages of active employees, on the one hand, and severance
payments, retirement benefits, etc. on the other, and it seems
reasonable to include payments to (ex ?) employees For whom
13 (He) is at or near O in the latter category. The point being
made here is that w* is a biased proxy for w for all values of
1t (He), whenever implicit insurance arrangements are part of the
long—term employment relationship.

Cross sectional seniority observations are also influenced
by long—term contracting. Recall that Dld‘workers have state
independent consumption at t, - while young workers®™ consumption,
and in fact, their entire life time consumption-leisure plan, is
determined by the state of the economy at which they appear.
This is one sense in which one could say that senior employees
aré‘ "insulated" from current economic conditions.=° While sen-
ior employees have smoothed consumption, however, their employ-
ment may be highly variable. How can thié be reconciled with the
observation that more senior workers seem to have more stable
employment in many actual economies? In fact, there is nothing
to say that variations in 1% should ever get translated into

labor market statistics. Quite possibly, senior workers would
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maintain their official relationship with the employer, continue
to show up at the work place, but work less hard when xe is low.
It is a simple reinterpretation to suggest that evervyone 1is
always "fully employed" in the economy, while 1*(H.) represents
the "effort" by i at He.

Variations in effort may well be an important aspect of the
employment relationship. Hall [1980al observes:

Fluctuations in output have been larger proportionately
than fluctuations in the total volume of work, measured
as employee hours. Within the theory of long-term em—
plaoyment arrangements, this reflects the operation of an
implicit or explicit agreement that employees work harder
when there is more work to do. res Workers put in more
effort during booms and take it easy during slumps. e
These data ... lead to the conclusion that changes in the
amount and intensity of effort in existing jobs are an
important factor in total cyclical variations in effec-
tive labor input. {(pp. 93-96)
What Hall is calling "wages" in his study seems to correspond to
what I call contract compensation (which equals consumption by
the relevant worker in the exclusively bilateral CONE). On this
interpretation, the employment and . "wages" of senior employees
are smoothed, while their effort moves procyclically.

Another implication of this model is that, depending on the
rates of time preference of the agents, longitudinal observations
on. a single employee will see his consumption changing over the
life cycle even in the absence of risk. When it is assumed that
workers do not discount futuré consumption, as in the log-linear
example above, since b < 1, naturally worker consumption = con-
tract compensation will rise with age. Alternatively, instead of

discounting future consumption less than their employers, workers

might wvalue leisure in their old age more highly than in their
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youth, and to the extent that they prefer smoothed consumption,
this could alsoc induce én increasing relationship between tenure
and contract wages. When rates of time preference are the same
for workers and the emplovyer, a situation iﬁvestigated in the
Appendix for the linear/log-linear economy by letting b -> 1,
employee consumption = coﬁtract compensation is constant over the
life cycle, although cross sectional differences will remain.

So whenever employees wish to transfer. wealth forward
through their long—term employment arrangements, the model pre-—
dicte senior employees with the samé productivity (by construc-—
tion) appear to be paid better.®* Now human capital also has a
role to play in explaining the seniority-wage relationship, anq
in many instances productivity probably does rise with tenure.
Nevertheless, ‘Medoff and Abraham®s [198B0] study finds "The evi-
dence ... has as its most important implication +that, while
greater experience moves white male managerial and professional
employees toward the upper tail of the earnings distribution for
their grade levels, it does not move them toward the upper tail
of the relevant performance distribution." (p. 704). They con-
clude "the results imply that the human capital on-the—-job train-
ing model cannot explain a substantial part of the observed
return to labor market experience.” (p. 703).

Medoff and Abraham themselves suggest that, for a variety of
reasons, employee§ and employers may enter into implicit con-
tracts that provide for earnings growth which is less than per-
fectly related to changes in productivity.S= One aspect of
séniority, one which could only have surfaced upon examining

contracts in a dynamic environment, and one which should not be
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ignored, 1is the implicit credit arrangement. In conjunction with
the implicit insurance arrangement, this makes it difficult to
interpret recorded wage and employment data literally in terms of
competitive market theorvy. Yet, as Medoff and Abraham suggest,
the divergence of the experience—-earnings and experience—-perfor-
mance profiles need not be inconsistent with competitive theorvy.
For although the patterns of certain prices and securities ex-—
changes may differ between contract and market equilibria, both
ential the same values of the most important variables for many

purposes —-— the allocations of commodities and welfare.
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VII. Summary

This paper has analysed long-term employment contracts in a
dynamic, general equilibrium model, using é framework which inte-
grates two types of models used by economists in the past: those
with infinite horizon decision makers, and those with overlapping
generations of Ffinite horizon decision makers. 0G models are
both tractable and natural to use, but it turns out that the
introduction of an infinite horizon decision maker has certain
advantages: it serves to restrict the set of equilibrium alloca-
tions to those which are dynamically Fareto optimal. Labor
contracts and contract equilibrium were introduced, and it was
shown that the economy with contracts in addition to markets is
equivalent to the economy with only markets, in the sense that an
allocation can be supported as an equilibrium in one economy if
and only if it can be supported in the other. However, the two
economies can generate some very different observations. Real
wage movements over the business cycle, and over the life cycle,
can become confounded by imblicit credit or insurance arrange-—
ments incorporated infa the long-term employment relationships.
Also, the observation that certain markets look to be inactive in
many actual economiesjneed not render the competitive market
pagadigm irrelevant. In (some) contract equilibria securities
are ﬁot»exchanged because they are redundant in the presence of
long-term employment contracts; vyet the allocations are the same
ones generated by the competitive market model. Hence, one could
say long—term employment arrangements produce a facade in front

of the otherwise accurate predictions of competitive theorv.
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Footnotes

1. This was the view of many Keynesians when the original "impli-
cit contract" results (e.g., Azariadis [1975]1) were published.
Lipsey [19791, +for example, asserts that "Although wage rates may
rise when there is excess demand for labor they do not fall (in
the short term at least) when there is excess supply. .- This
was something of a “mystery’ in Keynes® time, but downward rigid-
ity can be shown to follow from rationally arrived at “implicit
contracts® where layoffse occur according to a seniority rule."
(p. 292 and +footnote 11).

2. These results formalize some conjectures of Hydiand and Fres-
cott [1980] about:implicit contracts introducing a cyclical bias
into real wage data.

Z. These results formalize some conjectures of Medoff and Abraham
[19801 about implicit contracts influencing the tenure—-compensa-
tion relationship.

4. In some applications it is desirable to further assume that f
and its marginal products f. and fu are increasing in xe. This
allows an unambiguous identification of higher values of 2e with
"better economic times." -

. Formally, construct a sequence as follows: He = (31%,...%ek)
precedes He = (Mi,...%e) if and only if:
s < t
or
s = t and xi% < x4

or
or ‘ .

s = f and 31X = %;: and ... Hup—1%X = Xe—z and Mk < Me.

6. Two period lived workers are studied purely for tractability:
this is the simplest specification which allows for some notion
of tenure. As an additional defence of this assumption . note
that, with constant population, two period lived workers implies
that at each date one half of the labor force consists of senior
workers, and this accords reasonably well with studies of the
numnbers of employees involved in long-term employment relation-
ships. Hall [1980bJ]_reports that 38 percent of workers "are
currently holding reasonably long jobs" (p.12).

7. One need not take the hypothesis of an infinite life time
literally. It would suffice to have a group of agents (a family,
say) which internalizes the utility of its heirs so as to behave
collectively like the infinite horizon decision maker imagined
here. The class of utility functions used below could be gener-—
alized; it is only critical that some decision maker has an
endowment which is of some value in all but a finite number of
periods. (see the discussion of optimality in Section III).
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8. The timing of births and stochastic events is critical in OG
models because it determines the contingencies against which
agents are able to insure themselves.

?. On the boundary of the consumption set, if c*(H¢) or c? (Hewi1)
= 0, or if l1*(He) or 1*(Hesey) =1, For i in I. (for example),
then U* may not be increasing in all of its arguments. This
permits, e.9., the use of Cobb-Douglas or log-linear utility.

10. For instance, given Hz = (1,2), Hz = (1,2,j) is possible for
J = lyaeemy but Hx = (1,1,3) is not possible.

11. It turns out that for eguilibrium sequences (r,q), the series

in guestion does indeed converge. See Wright [19821, Lemma 3I.6.

12. First order conditions are:

frn 4 W, = w if nxx » O

fre & Ry =R if k¥x > O

28 2 SECUNE i = kK if R » 0
where R is the Lagrangian multiplier on the constraint k = K.
Now f. *» O implies R > 0O, so kXX = E, and therefore f. = R.

13. Labor demand will not in general be a (single-valued) func-
tion, and in fact N{(He¢) could be empty for some wiHe). As long
as  N((He) is not empty, W®(He) is a well defined [(nonnegative,
finite) value of wealth.

14, The esistence proot proceeds by demonstrating that the econ-
omy in question is equivalent to another economy, where all
trades take place at date 1 on complete contingent commodity
markets (instead of on a sequence of spot plus one-step-ahead
contingent securities markets), and then adapting the argument in
Balasko, Cass and Shell [1980] to accomodate production and some
infinite lived individual (s).

15. DPO is used by Cass and Shell [19831, as well as by Feled
[19801, who refers to it (after Muench [192771) as Conditional

Fareto Optimality. Muench himsel+ worked with what he called
Equal Treatment Fareto Optimality, which conditions the expected
utility of generation Ie on He-i1, and which is equivalent to SFO

if the distribution of states of the economy is time invariant.
Lucas [1972]1 worked with a very weak optimality criteria in which
one feasible allocation dominates another if the former is pre-
ferred by all agents, and strictly preferred by some agent, along
each possible realization of the history of the economy.

16. For surveys of the implicit contract  literature, see Ito
[1982] or Azariadas [1979]. Cooper [1982] studies contracts in an
06 environment, which has two period lived capitalists as well as
workers, both of whom produce only when young and consume only
when old, while inputs are supplied inelastically and all agents
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save (their entire income) in the form of money - securities
trading is ruled out by assumption. Farmer [1982] also studies
contracts in an 0G model, concentrating on the effects of incom-
plete information.

17. The convention of specifying minus employment is merely to

facilitate computations below. The definition of y?* (He) allows
for several special features discussed in the implicit contract

literature, including severance payments, quitting penalties,
pensions, and work-sharing. The feature of "home production"
could be included in the aggregate technology. Generally,

different workers receive different contract offers.

18. For example, assuming momentarily. (for the sake of illustra-
tion) that he saves nothing, at date t worker i would consume:

C* (He) + at (Hedd* (He),
and have the following amount of leisure time:
1 = 1*(He) = a* (Hedet (He) .

19. Holmstrom [1980] shows how to determine UX endogenously for
the simple case where 1* is restricted to the set {0,123, but this
procedure does not generalize to the case where 1* lies in some
interval. Note that much of the implicit contract literature
assumes that firms ‘enter" until the surplus extracted +rom
workers is driven to zero, so that effectively the workers utili-
ty is maximized subject to expected profits being nonnegative.

20, Virtually all of the literature assumes labor is traded
through markets, or contracts, but not both at the same time.

21. Other CONE can be constructed by "averaging over" these two
extreme cases.

22. This depends, of course, on the risk aversion of the agents
in the model. There is no (decentralized) scope for sharing the
risk that impinges on the first period of a workers life due to

the 0G demography and the timing of .

23s In addition to transactions costs, an important consideration
in the evolution of actual trading arrangements is government
policy. A tax on the interest paid to securities could be total-
ly avoided by making all intertemporal exchanges through long-
term employment contracts (although whether this is beneficial or
not depends on the entire tax structure in place). This is an
example of the general principal that, while two equilibrium
concepts may be equivalent in one context, they need not respond
identically to all (policy) interventions.

24, It should be pointed out that much of implicit contract
theory proceeds from the assumption that some (usually securi-

ties) markets do not exist. The justification for this assump-
tion is wsually not clear, and hopefully the arguments here have
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convinced the reader that it is not good enough simply to note
that securities markets look to be inactive in many actual econ-
omies. 0Of course, the additional hypothesis of incomplete (in-
cluding asymmetric) information limits the contingencies which
can be traded against, and theretore can lead to deviations from
the complete information general equilibrium allocation. But
this is due to a feature of the environment and is not a contri-~

bution of contracts (an economic construct) per se.

25. Some commentators question the applicability of 06 models for
business cycle {(and other) analysis because of the implied length
of each period (e.g., Tobin [19801). Three points are important

here: First, it is only analytic tractability which recommends
two period lived workers. Second, there may actually be an
interesting economics of "long waves"” (see, e.g., Kondratiefdf

[193531), to which a literal interpretation of the timing in two
period models is relevant. But, thirdly, a literal interpretation
of the timing is typically not intended. The generational +ic-
tion is simply a convenient way to formalize the fact that agents
are perpetually entering and exiting actual economic processes.

26. Any Form of the intertemporal substitution hypothesis is a
"mixed blessing" in the modelling of business cycles. While
intertemporal substitution does entail increased cyclical move-
ments in employment, and hence does help to explain the amplitude
of the cycle, it also tends to produce the wrong serial correla-
tion in output and employment: High levels of employment in one
period indicate that one should expect low levels of employment
in the next period, since agents are wealthier (assuming leisure
is normal), and when preferences are not time separable, because
agents are "tired." With serially independant productivity shocks
{(i.@.y Fa11 = Foe = .5), it is easily verified that

E[L(#eyMewa) :L(Xt—,:.._.}{t):'_oj

is actually a decreaging function of Lo. Hence, some form of
propagation mechanism will have to be built into the system in
order to generate equilibria that mimic the amplitude and the
persistence of actual time series. Lucas and 8Sargent [19721]

discuss several potential propagation mechanisms.

27.- Notice the applicability of Lucas’s [19746] critique of econo-
metric policy making here: Even if historical time series indi-
cated that for a given stochastic process on wages, employment
was higher when w(H.) was above average, this would be of no
value in predicting the response of the economy to a change in
the stochastic process itself, such as would occur with a perm-—
anent change in the income tax schedule.

28. It is not clear from reading the literature which way real
wages actually move; Bodkin [1969] examines the evidence and
concludes that it weakly supports procyclical movements.

29. Movements in employment are necessary in order to maintain

efficiency, in the sense that the marginal rate of substitution
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between leisure and consumption must equal the marginal rate of
transformation between labor and output. Notice that the more
concave is u, (i.e., the more risk averse the worker is to fluc-
tuating leisure), the less variable employment is.

30. Ayigari and Wallace [no datel study seniority in an 0G model
with similar timing and are led to similar conclusions about
senior workers being insulated, but since they assumed leisure
was not in the utility function, their senior employees were just
as well off in all states. With leiswe in the utility function
and separable preferences, senior employees are better off in low
productivity states, since they have to work less (or less hard).

F1. Hall [1980al says that "At the simplest level, the schedule
of wage payments for the duration of an unbreakable employment
contract is a matter of indifference.”" This is so only if agents
are also trading on the securities markets; in the exclusively
bilateral CONE the timing of payments is determined by the rela-
tive rates of time preference of the agents.

I2. Holmstrom [1980]1 develops a model where senior workers are
better paid on average, which depends on the assumption that
workers may renege on contracts ("ex post mobility"). One prob-
lem with assuming ex post mobility is that it results in equilib-
rium allocations which are not optimal, and can be dominated by
the equilibrium allocations which arise when agents are allowed
to bargain in terms of binding promises. It seems difficult to
Justify models that impose institutions which make evervyone worse
off, even when they do seem to correspond to instutions observed
in (some) actual economies.

49



Appendix: Simulation Results

Here are contained several simulations of the linear/log-
linear economy described in Chapter VI. Freferences for the one
representative worker in each generation are given by:

Ui, l~la,C2,1-12) = 1ln €3 + 1n (1=-13:) + 1ln c= + 1n (i-1=2).

The {xe) process is described by:

Froblxe«a=jixe=il = Py 4 3 i,J = 1,2.
The capitalist is risk neutral, with discount factor b and “an
endowment of K capital units. The production function is linear
in (n,K) -~ but the coefficients, as functions of ¥e, are sto-

chastic:

fFin,kEixe) = Bn(Hed n + Ak(xt)-R.

The economy can now be completely parameterized by the vector
[Fi11 Paz b K An(l) AR(D) AL(l) AL (2)1].

Six examples are presented after a discussion of the effects
they depict. The parameterizations chosen are:

[.50 .50 0.800 1 2.0 2.2 2.0 2.21 - e (&)
[.50 .50 9999 1 2.0 2.2 2.0 2.21] oo (b))
[.85 .85 0.800 1 2.0 2.2 2.0 2.21 «ew ()
(.71 .71 .9999 1 2.0 2.2 2.0 Z.21] «e e (d)

4
i

[.50 .50 0.800 1 3.0 3.0 3.3 ‘ ee. (@)

.60 .60 0,800 1 2.0

k)

o
-

.C)

kJ

L 21 -es (F)

k

Example (a) is for reference; note the following features: The
labor supply decision amplifies the productivity shocks, but
~there is negative serial correlation in employment {(and here,
output). 0f course, employment states are ranked according to
(He—1,%e?) pairs as Theorem 6.1 predicts. Senior employees have
higher contract wages and consumption, and work less, than their
junior counterparts at all phases of the cycle. ;

Example (b) displays what happens as b -» 1. As can be seen
by comparing a variable +or young person in (Me—i1,.¥e) with the
same wvariable for an old person in (He,Hes1), consumption is
constant, while employment moves up or down with productivity,
over the life cycle. Cross sectional differences in consumption
persist. Note that here, contract wages for all workers have a
negative coherence (i.e., are coutercyclical), while in example
(a) junior employees’® contract wages had positive coherence. The
third simulation provides an example where all contract wages

n
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have positive coherence, while (d) provides an example where the
aggregate contract wage is virtually independant of the competi-
tive wage.

Example (f) demonstrates how employment does not respond at
all to a proportional (long run) increase in An(1) and AL(Z), in
spite of the strong positive correlation between employment and
wages for a given distribution of [A~(1),AL(2)]. Example (g)
demonstrates the situwation displayed in Figure 5.2, where
dFis = dFz2= > O results in an increase (as compared to the first
example) in the difference between the highest and lowest values
of employment, while moving the intermediate states closer toget-
het . However, the coefficient of variation for employment is
lowear in (g). Note that a small increase in the serial correla-
tion of the {(&¢> process can result in positive persistence in
output, but in no case is employment positively autocorrelated,
for the reasons described in the text.



Equilibriuﬁ for the values:

[P11 P22 B K AN{1) AN(2) AK(1) AK()1=[.5 .5 B 1 2 2.2 2 2.2

1,1 11,1 (2,2 {1,2) average coef.var, autocor coherence

wii,j) | 2,000 2,000 2.200 2.200 2.100 0.048 0.000 1.000
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Steady state probabilities: [P(2,1) P(1,1) P{2,2) P(I, 23 =10 .25 .25 .25 .251

LEGEND: w = competitive real wage rate (maginal product of labor)
L = eaployaent, Y = labor incose, € = consusption
Kr = profits {(capital X the rental rate), GNP = output
CW = contract wage (= contract coapensation/contract eaploysent)
Subscripts y, o, and k refer to the young worker, old worker, and capitalist, respectively.
Desciptive statistics are for the stationary distribution of (Xt-1,Xt).
The coefficient of variation is the standard deviation divided by the mean.
Autocor is the correlation coefficient of the variable with itself once lagged.
Coherence is the correlation with w, seasuring the degree to which the variable is procyclical,



Equilibrium for the values:

[P11 P22 B K AN{1) AN(2) AK(1) AK(2)1 =1 .5 .3 .999%9 | 2 2.2 2 221

1 (2,1 (1,1} {2,2) (1,2 average coef,var. autocor coherence

wii,j) 1 2.000 2.000 2.200 2,200 2.100 0.048 0.000 1.000

..................................................
---------------------------------------------------
--------------------------------------------------
--------------------------------------------------
---------------------------------------------------
--------------------------------------------------
..................................................
..................................................
..................................................
..................................................
--------------------------------------------------
..................................................
--------------------------------------------------
--------------------------------------------------
..................................................

Steady state probabilities: [P(2,1) P(1,1} P(2,2) P(1,2)1 = [ .28 .25 .25 .25

LEGEND: w = cospetitive real wage rate (maginal product of labor)
= eaplayaent, Y = labor incose, € = consusption

Kr = profits (capital X the rental rate),  BNP = output

CN = contract wage {= contract cospensation/contract employsent)
Subscripts y, o, and k refer to the young worker, old worker, and capitalist, respectively.
Desciptive statistics are for the stationary distribution of (Xt-1,Xt).
The coefficient of variation is the standard deviation divided by the aean.
Autocor is the correlation coefficient of the variable with itself once lagged.
Coherence is the correlation with w, measuring the degree to which the variable is procyclical.



Equilibrium for the values:

[P11 P22 B K AN{1) AN(2) AK() AK(2)1=1[ .85 .85 .8 ! 2 2.2 2 2.2

N VY {1,1) {2,2) {1,2} average coef.var. autocor coherence

wii,j) 1 2.000 2.000 2,200 2.200 2.100 0.048 0.700 1.000
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--------------------------------------------------
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Steady state probabilities: [P(2,1) P(1,1) P{2,2) P(1,2)] = [ 7.499999E-02 .425 .425 7.499999E-02 ]

LEGEND: w = competitive real wage rate (maginal product of labor)
L = esployaent, Y = labor incoame, € = consumption
Kr = profits (capital I the rental rate), SNP = output
CW = contract wage (= contract coapensation/contract espioyaent)
Subscripts y, o, and k refer to the younq worker, old worker, and capitalist, respectively.
Desciptive statistics are for the stationary distribution of (Xt-1,Xt).
The coefficient of variation is the standard deviation divided by the aean.
Autocor is the correlation coefficient of the variable with itself once lagged.
Coherence is the correlation with w, ameasuring the.degree to which the variable is procyclical.



Equilibrium for the values:

[P11 P22 B K AN(1) AN(2) AK{D) AK(2)) = .71 .71 9999 | 2 2.2 2 221

{2,1) {1,1) {2,2) {1,2 average " coef.var. autocor coherence

wli,j) 1 2.000 2,000 2.200 2.200 2.100 0.048 0.420 1.000

Steady state probabilities: [P(2,1) P(1,1) P{2,2) P(l,2f] =[ .145 .35 .358 .145]

LEGEND: w = competitive real wage rate (maginal product of labor)
L = eaploysent, Y = labor incose, € = consumption
Kr = profits {(capital X the rental rate), GNP = output
LW = contract wage (= contract cospensation/contract esploysent)
Subscripts y, o, and k refer to the young worker, old worker, and capitalist, respectively.
Desciptive statistics are for the stationary distribution of (Xt-1,Xt),
The coefficient of variation is the standard deviation divided by the aean,
Autocor is the correlation coefficient of the variable with itself once lagged.
Coherence is the correlation with w, seasuring the degree to which the variable is procyclical.



Equilibrium for the values:

(P11 P22 B K AN{1) AN{2) AK(1) AK{2)1=[.5 .§ .B 1 3 3.3 2 221

i, (1,1) {2,2) {1,2) average coef.var. autocor coherence

wii,j) +  3.000 3.000 3.300 3.300 3.150 0.048 -.000 1.000

..................................................
- e e e e ® e EEEE EE e R B ® e e ® e e W EE® e e R e ® & ®®D D ®E® = ®®®m®®® " ® o
..................................................
..................................................
..................................................
...................................................
..................................................
..................................................
..................................................
--------------------------------------------------
..................................................
..................................................
...................................................
..................................................
..................................................

Steady state probabilities: [P(2,1) P{1,1) P{2,2) P(1,2)1 =10 .25 .28 .25 .25

LEGEND: w = competitive real wage rate {(saginal product of labor)
’ L = eaployaent, Y = labor income, C = consusption
Kr = profits (capital X the rental rate), GNP = output
CW = contract wage (= contract coapensation/contract esploysent)
Subscripts y, o, and k refer to the young worker, old worker, and capitalist, respectively.
Desciptive statistics are for the stationary distribution of (Xt-1,Xt),
The coefficient of variation is the standard deviation divided by the mean.
Autocor is the correlation coefficient of the variable with itself once lagged.
Coherence is the correlation with w, seasuring the degree to which the variable is procyclical.



Equilibrium for the values:

[P11 P22 B K AN(1) AN(2) AK(1) AK{2)1 =T .6 b .B 1 2 2.2 2 2.21

: (2,1) '(1,1) 2,2 {1,2) average coef.var. autocor coherence

wli,j) 1 2,000 2,000 2,200 2,200 2,100 0.048 0.200 1.000

--------------------------------------------------
--------------------------------------------------

--------------------------------------------------

--------------------------------------------------
--------------------------------------------------
--------------------------------------------------
--------------------------------------------------

---------------------------------------------------
--------------------------------------------------
..................................................
--------------------------------------------------
..................................................
--------------------------------------------------
..................................................
..................................................

Steady state probabilities: [P(2,1) P(1,1) P(2,2) P(1,2)1 =0 .2 3 .3 .21

LEGEND: w = competitive real wage rate (maginal product of labor)
L = eaploysent, Y = labor incoee, C = consusption
Kr = profits (capital X the rental rate), GNP = output
CW = contract wage (= contract compensation/contract eaployment)
Subscripts y, o, and k refer to the young worker, old worker, and capitalist, respectively.
Desciptive statistics are for the stationary distribution of (Xt-1,1t).
The coetficient of variation is the standard deviation divided by the aean.
Autocor is the correlation coefficient of the variable with itself once lagged.
Coherence is the correlation with w, seasuring the degree to which the variable is procyclical.
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