Econometrica, Vol. 57, No. 2 (March, 1989), 447-480

IMPLICIT CONTRACTS, INCENTIVE COMPATIBILITY, AND
INVOLUNTARY UNEMPLOYMENT

By W. BENTLEY MACLEOD AND JAMES M. MALCOMSON!

This paper considers the enforceability of employment contracts when employees’
performance cannot be verified in court so that piece-rate contracts are not legally
enforceable. Part I shows that there exists a variety of self-enforcing implicit contracts,
modelled as perfect equilibria in a repeated game, and characterizes all the wage and
performance outcomes that can be implemented. Implementation requires a strictly posi-
tive surplus from employment, the form of the contract depending on how this surplus is
divided between firm and employee. Piece-rate contracts, and contracts with an informally
agreed bonus, can be made self-enforcing but the use of severance pay and bonding does
not extend the set of implementable allocations. The resulting contracts resemble actual
labor contracts more than do the contracts in standard principal-agent models.

Part II analyses market equilibrium with these contracts, also modelled as perfect
equilibria in a repeated game, and shows that many such equilibria exist. Unfilled vacancies
and unemployed workers can co-exist despite the existence of contracts that are potentially
mutually beneficial. For those jobs that are filled, any division of the potential surplus is
possible so that the market can have, at the same time, involuntary unemployment and
vacancies that are unfilled despite filled jobs earning positive profits. As a criterion for
selecting equilibria, a notion of renegotiation proofness is applied. Then either all workers
are employed or all jobs filled but any division of the potential surplus is still possible. The
paper explores what further restrictions on beliefs give rise to a Walrasian outcome, in
which all the potential surplus goes to the short side of the market, and to an efficiency
wage type outcome, in which the potential surplus goes to the long side.
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PART I: SELF-ENFORCING CONTRACTS

1. INTRODUCTION

MORAL HAZARD PERVADES EMPLOYMENT. It is hard to think of jobs in which there
is no scope for moral hazard. Yet principal-agent models, the standard tool of
economists for analyzing such situations, generate contracts quite unlike most
actual labor contracts. As Hart and Holmstrom (1987) note, “the extreme
sensitivity to informational variables that comes across from this type of mod-
elling is at odds with reality.”

Standard principal-agent models have payment based on some measure of
performance. In effect, these are piece-rate contracts. To be legally enforceable,
the courts must be able to verify that performance. But finding verifiable
measures of performance poses practical difficulties. There is now an increasing
literature, stemming from Alchian and Demsetz (1972) through Williamson,
Wachter, and Harris (1975) to Bull (1987), Malcomson (1981, 1984, 1986) and
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Shapiro and Stiglitz (1984), recognizing that this poses serious limitations on
contracts. Most of that literature assumes that, without verifiable performance,
contracts must be of the termination type, in which an employee receives an
explicitly agreed wage as long as performance in the past has been satisfactory
but is dismissed if it has not. Such contracts look more like actual labor contracts
than those in standard principal-agent models. They also have important implica-
tions for labor markets. Shapiro and Stiglitz (1984), for example, conclude that
they necessarily result in involuntary unemployment. Yet, piece-rate contracts are
actually used, in many cases even where the arrangements for recording output
are sufficiently informal that verifying it in court would be difficult. Moreover, in
some jobs a substantial part of pay takes the form of a performance-related
bonus (in effect, an informal piece-rate) which employees expect to be paid, and
firms actually pay, despite there being no legal obligation to do so.

In the present paper, instead of imposing a particular contract form, we ask
what contracts, and hence market outcomes, can be sustained when the only
legally verifiable pieces of information are money payments and whether or not a
person is employed by a firm. Implicit contracts have an important role in this.
By an implicit contract, we mean one in which some elements are not legally
enforceable, although typically there are also some explicit elements that are.
Since they are not legally enforceable, implicit contracts will be carried out only
if both parties wish it (that is, if they are self-enforcing) but that does not make
them valueless. Indeed, termination contracts have their implicit element, namely
that the employee will perform satisfactorily if employed and that the employer
will continue the contract if performance is satisfactory, or terminate it if not.
For the contract to be effective, both need to know that the other is behaving in
this way. It is the need to make this implicit contract self-enforcing that gives rise
to the involuntary unemployment equilibrium of Shapiro and Stiglitz (1984). But,
as we show, this is not the only type of implicit contract that can be made
self-enforcing.

In Part I of this paper, we provide a complete characterization of the sequences
of wage and performance levels that can be implemented by implicit contracts
between a firm and an employee and show what combinations of implicit and
explicit contracts implement these. To do this we model employment as a
repeated game. Following Aumann’s (1974) insight of viewing equilibrium points
of games as self-enforcing agreements, it is natural to model self-enforcing
implicit contracts as perfect equilibria of this game. Since our characterization is
complete, it is not open to the critique Carmichael (1985) makes of Shapiro and
Stiglitz (1984) that the results arise from the assumption of a particular form of
contract. The fundamental requirement for an implicit contract to be self-
enforcing is that there exist sufficient economic surplus from continuing it over
what the parties can jointly get if it is terminated. Given sufficient total surplus,
however, any division of that surplus between the firm and the employee can be
supported by some self-enforcing contract, the form of the contract depending on
how the surplus is divided. Piece-rate contracts, and contracts with informally
agreed bonuses, can be made self-enforcing. Explicit contracts with severance
pay, however, can achieve no more than those without it nor, despite their
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popularity with theorists as a recipe for moral hazard, can contracts with
bonding. Indeed, with suitable timing of payments, the absence of any legally
enforceable agreement whatever imposes no further limit on what can be achieved.
These results are an important step in understanding labor contracts. Piece rates
and bonuses occur in practice despite performance not being verifiable. Severance
pay and bonding that are negotiated as part of a contract, as opposed to being
legally imposed or voluntarily offered by one party, are not that common. And
written employment contracts are, in terms of the history of markets, a relatively
recent phenomenon.

In Part II of the paper, we consider market equilibrium in a one-sector general
equilibrium version of the model with a given number of workers and a given
number of jobs. The market is formalized as an explicit game and we characterize
its perfect equilibria. In the spirit of the “Folk Theorem” results for repeated
games, we show that any self-enforcing combination of firms’ profits and work-
ers’ utilities that gives all agents at least as much as if they did not participate in
the market can be an equilibrium. In particular, there is no guarantee that all
potential matches between workers and jobs will be made. Unemployed workers
and unfilled vacancies can co-exist despite the existence of mutually beneficial
wage and performance sequences that can be implemented by self-enforcing
contracts. In effect, if agents do not believe that other agents will carry out their
part of an implicit contract, they will not form matches even when those matches
could be mutually beneficial. Moreover, employed workers can receive strictly
greater lifetime utility than unemployed workers, in which case unemployment is
involuntary, and filled vacancies can earn strictly greater profits than unfilled
ones so that, using an obvious terminology, vacancies are involuntarily unfilled.

In these results, as in the standard “Folk Theorem” results, agents who deviate
from an equilibrium are punished by other agents refusing to cooperate with
them in the future. But, because the potential gains from cooperation remain,
there is an incentive to renegotiate contracts to reap those gains even if some
agent has deviated in the past. For this reason, it has been doubted whether such
punishments are really credible. But, if agents are prepared to renegotiate, they
should recognize that those punishments are not credible and take account of
that in their original contracts. To be self-enforcing, a contract would then need
to be proof against such renegotiation. We therefore consider which market
equilibria are renegotiation proof, in a sense related to Pearce (1987). For this,
either all workers must be employed or all jobs filled but there is still a potential
surplus that does not necessarily go to agents on the short side of the market.
Who gets that surplus depends on the beliefs (in the sense of Aumann (1987))
that agents have about the choice of strategies by other players. We explore two
sets of beliefs, one giving rise to an outcome that is Walrasian in the sense that
agents on the short side of the market get all the surplus, the other giving rise to
an efficiency wage type outcome in which they get none of the surplus. In the
latter case, when there are more workers than jobs all vacancies are filled but the
unemployed may get lower lifetime utility than the employed so that unemploy-
ment is involuntary. This provides a rigorous theoretical basis for the type of
efficiency wage unemployment equilibrium of Shapiro and Stiglitz (1984). But
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conversely, when there are more jobs than workers, all workers are employed, the
surplus goes to firms, and there are involuntarily unfilled vacancies. So involun-
tary unemployment is not a necessary consequence of these beliefs. Perhaps the
most important message to draw from this is that beliefs are crucial in determin-
ing equilibria in markets of this sort. To understand those markets better,
economists need to understand the beliefs of the agents operating in them.

The earlier literature, for example Azariadis (1975), based the use of implicit
contracts on the complexity of writing state-contingent contracts to cover every
eventuality. Holmstrom (1981) and Thomas and Worrall (1988) have considered
what implicit contracts are self-enforcing in these models. Simon (1957) empha-
sized the importance of bounded rationality, the inability of agents to foresee all
the relevant contingencies, in limiting the extent to which contracts can be made
explicit. Our approach is closer to that of Grossman and Hart (1981), in which it
is the inability to verify information that limits explicit contracts. Their model,
however, is based on risk sharing under adverse selection, ours on moral hazard.
Here we abstract from risk sharing in order to focus on the essential conse-
quences of nonverifiability. Bull (1987) also investigates self-enforcing contracts
in a model in which performance is not verifiable but is concerned with the role
of firms’ reputations in ensuring the existence of efficient self-enforcing contracts
when workers have finite lifetimes and when a firm and a worker, once together,
cannot separate to form other matches. We have taken up the issues of reputa-
tions, in this case on the employee’s side, in MacLeod and Malcomson (1988). In
MacLeod and Malcomson (1989) we explore the implications of the present
framework for the relationship between layoffs, labor turnover, and unemploy-
ment when the productivity of jobs fluctuates over time.

The plan of the present paper is as follows. Part I consider contracts between a
firm and an employee. Section 2 sets out the basic assumptions of the model.
Section 3 specifies the precise nature of the game they play and its relation to
implicit contracts. In Section 4, we characterize the sequences of wages and
performance levels that can be implemented by self-enforcing contracts for given
default profit and utility levels that the firm and the employee would receive if
they did not stay together. We also establish which contracts implement those
sequences. Part II turns to market equilibrium, which determines the default
profit and utility levels. In Section 5, we consider equilibria that are subgame
perfect, in Section 6 equilibria that are also renegotiation proof.

2. THE MODEL

Consider a single firm and one of the many workers employed by it. Both are
infinitely lived.? If employed by the firm in period 7 > 1, the value of the worker’s

% The assumption of infinite lives avoids the problem, common in finitely repeated games, of agents
inevitably defaulting on a nonbinding agreement in the final period so that any such agreement
unravels to a Nash equilibrium of the corresponding one-period game. When workers have finite lives,
this problem can be overcome as long as sufficient information about the actions of firms is conveyed
from one generation of workers to the next; see Bull (1987). We conjecture that this is also the case
for certain other types of reputation equilibria but to set up the model in this way adds greatly to the
complexity of the analysis and has not therefore been done here.
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output, net of all nonlabor costs, is y(p,), where p,> 0 is a measure of the
worker’s performance in period ¢. This output is not verifiable in court.

ASSUMPTION 1: y(p,) is continuous, strictly increasing, and concave for p, > 0,
with y(0) = —k <0.

In this, & is a fixed cost of employment incurred by the firm only if it employs
a worker. Let w, be the wage paid to the worker in period ¢ and define the
allocation x resulting from a contract by

(2.1) x = {(wy, p1)s (Wy, p3)s-.. (wr, Pr), wri, ) €X,

where T is the last date at which the worker is employed by the firm and X is the
set of all possible allocations, assumed to be bounded sequences. The term wy_
is included to allow for the (present discounted value of) any severance pay or
pension paid after the worker stops being employed by the firm. Let 6 denote the
discount factor and IT? > 0 the firm’s expected discounted future profits from
that production function from period ¢ on if it employs the worker only to period
t — 1 or, in the case of ¢ = 1, never employs the worker. Note that, since the firm
incurs the fixed cost only if it employs the worker, IT% > 8I1?, . Then, for the
allocation x, the present discounted value at time ¢ of the firm’s profits from
period ¢ on is given by (with the summation taken as zero for ¢t > T')

(2.2) IT,(x) = GZ [}’(Pa) - Wo] 80*"*'87_”1(—“’7'“ +H0T+1)

(r=1,...,T+1).

The worker’s performance depends on effort. Like output, performance is not
verifiable. In practice, a firm’s measure of a worker’s performance may be as
concrete as a count of the physical units produced or as nebulous, and as subject
to error, as an informal assessment by a supervisor. To keep the model simple, we
assume here that there is no measurement error, so measured performance is the
same as actual performance, which is thus known to both the firm and the
worker. The worker’s utility can then be written as a function of income and
performance. Let U > 0 denote the expected lifetime utility of the worker from
period ¢ on if employed by the firm only to period t—1 or, if t=1, never
employed by the firm.

ASSUMPTION 2: The worker’s lifetime utility from period t on is given by

T
(2.3)  U(x)= X [w=v(py)] 8° 7 + 87 wr.y + Ufh)

6=t

(t=1,...,T+1),

where v( p,) is continuous, strictly increasing and strictly convex for p, <p*, with
v(0)=0 and lim, _, -v(p,) = o0, for p™* some strictly positive constant.

Additive separability in income and effort is standard in models of moral
hazard applied to employment so, in this respect, Assumption 2 is no more
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restrictive than most of the literature. Linearity in income is a convenient
simplification and, with no uncertainty in the model, the degree of risk aversion
plays no role. The constant p* is an upper bound on the worker’s performance.
Since the worker gets zero utility in any period of unemployment, it follows that
U°>8U2%,. U II° and the functions y(-), v(-), U(-), and II,(-), all > 1, are
common knowledge. Both U° and II° can be functions of any verifiable
information but, for simplicity, we do not make this explicit in the notation.

Since the worker’s utility is linear in income, the total economic surplus (that
is, the sum of the increases in the lifetime utility of the worker and discounted
profits of the firm) from the firm employing the worker can be defined indepen-
dently of the wage paid. The surplus from period ¢, t=1,..., T+ 1, on is given
by

(2.4) S,(x)

U(x)+I,(x)-U°-1I?

oZ [y(pa)—v(po)] 80+ 8T Y UR,, + 119 )

-(U°+my).
By Assumptions 1 and 2, there exists a unique performance level p°, defined by

(2.5)  p°= argmax[y(p,) —0(p,)].
p>0

that, maintained over a contract of infinite length, maximizes this surplus. We
concern ourselves only with the case in which the maximized value of the surplus
is nonnegative since, otherwise, the worker would never be employed even if
performance were verifiable. If p, were verifiable, one would then expect the
market to establish a Pareto efficient contract that would ensure p, = p°, for all ¢,
and allocate the surplus so that neither the firm nor the worker was worse offasa
result of entering the contract. This providés a useful reference point.

3. THE STRUCTURE OF IMPLICIT CONTRACTS

We model self-enforcing implicit contracts as equilibrium strategies in a
dynamic game between the firm and the worker. The rules of the game consist of
the explicit part of the contract, enforced by the legal system, which specifies
payments conditional on events that are verifiable information. In the present
model, the only verifiable pieces of information are the previous employment and
wage histories. Whether, in the event of a separation, the worker quit or was fired
is not verifiable (though it will obviously be known to the worker and the firm).
The reason for this, the practical importance of which is emphasized by
Carmichael (1983), is that a firm wanting to fire a worker can make the work
environment so intolerable as to induce a quit and a worker wanting to quit can
behave so badly as to induce a fire. Hence, any severance payments specified in
the explicit part of the contract cannot be conditioned on who initiates the
separation.
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Payments specified in the explicit part of the contract are denoted w’e
(— o0, 00). The sign and the range of these payments are unrestricted so that an
entry fee, or bond posted on entry, is equivalent to w? < 0. Bonds posted at later
dates are equivalent to negative severance payments. All such payments are
assumed to be enforceable so nothing that follows results from limitations on
liability or wealth.

The structure of the game is as follows. In each period ¢ > 1 the worker decides
whether to offer to work for the firm (¢, = 1) or to quit (g, = 0). Simultaneously,
the firm decides whether to hire ( f,= 1) or fire ( f, = 0) the worker. If ¢, f,= 1, the
worker sets the level of performance, p, € [0, p*). Then, having observed p,, the
firm pays w,’ and, if it wishes, a bonus w} > 0, giving a total wage of w, = w + w.
If q,f,= 0, the contract is terminated, payments conditional on termination are
made, and the worker and the firm expect subsequently to receive the default
payoffs U and IT? respectively. Clearly one option for them is to renegotiate
another contract with each other, in which case U,0 and II ? are the respective
payoffs they expect to receive from renegotiation. Whether or not they renegoti-
ate will depend on the other opportunities available in the market, so we defer
discussion of this until we consider market equilibrium in Part II. For the
moment, we simply note that both possibilities are covered by the formulation.

Formally, each period ¢ is divided into 3 subperiods, t° in which the worker
and firm make their simultaneous quit and hire decisions, ¢! in which the worker
decides the performance level, and ¢? in which the firm decides the bonus (if any)
and pays the wage. Let a, denote the outcome of these decisions, that is,
a,={q, f, p,, w2, w!}. The histories that are common knowledge to the worker
and the firm are given by

h(t°)=(ay, a,,...,a,_;), where h(1°)= g,
h(t) =h(1°)U{q, £},
h(1?) =h(')u {p,}.

The histories that are verifiable are given by

hv(’) = {qlfl’ WIO’ Wlla 921, Wzo’ wzl,..., Wto—l’ wtl—l’ qlfl}‘
We denote by H(t'), i=0,1,2, the set of all possible histories and by H®(t) the
set of all possible verifiable histories.

A strategy s = (s, S,,...) for the worker consists of a pair of decision rules
specifying g, and p, for every information set and all z. Hence, s, is defined by
Q,: H(t% — (0,1} and P,: H(t') > [0, p*), so that g,= Qo[h(¢°)] and p,=
P,[h(1Y)]. A strategy o =(0,,0,,...) for the firm consists of a pair of decision
rules specifying f, and w} for every information set and all z. Hence o, is defined
by Fe: H(t%) - {0,1} and W,:: H(t*) = [0, 0), so that f,= F[h(z°)] and w} =
W[ h(t?)]. It is convenient also to express the explicit part of a contract as a rule
c¢={cy, cy,...} conditioned on the verifiable history. Then ¢, is defined by
W, H'(t) - (— o0, ), so that w?= W,°[h*(¢)]. For the worker and the firm to
be free not to enter a contract implies W,°{(0)} =0, that is, no payment is
required if a contract is not started.
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In this notation, c is the explicit part of a contract, (s, 6) the implicit part. We
call (s,0,c) a contract and let £ denote the set of all possible contracts. Each
contract results in an allocation x, as defined in (2.1). Let y[s, o, c|h(?")],
i=0,1,2, be the allocation defined by h(¢') up to ' and generated by the
contract thereafter. The payoffs to the worker and the firm given h(¢') are then
U, {v[s,0,c|h(t")]} and II,{y[s, 6, c|h(t")]}, respectively.

DErFINITION: Let (s*, 0%, c*) € 2. The strategy pair (s*, 6*) is an equilibrium
of the game induced by the explicit contract ¢* if, forevery 1> 1 and i =0,1,2, it
satisfies the following criteria: (i) (backwards induction)

U{v[s* o c*1n()]} = U{v[s. 0% e*1n ()]},
for all h(¢') € H(¢') and (s,0*,c*) € Q,
H,{y[s*,o*,c*]h(t’)]} >H,{y[s*,o,c*|h(t’)]},
forall h(¢') € H(¢') and (s*,0,c*) € 2;
(ii) (admissibility) there does not exist an s such that
U{vls,o.cin()]) > U{v[s* o, exn(e)] ],
for all h(¢') € H(¢') and (s, 0,c*) € 2,
with strict inequality holding for some o and 4 (¢),

and there does not exist a ¢ such that
H,{y[s,o,c*|h(ti)]} >H,{y[s,o*,c*|h(ti)]},
for all h(¢') € H(t') and (s, 0,c*) € Q,
with strict inequality holding for some s and h(z').

The criterion of backwards induction corresponds to the standard requirement
of subgame perfection. To this, we have added the admissibility requirement that
the equilibrium strategies are not weakly dominated in any subgame. Kohlberg
and Mertens (1986) have argued strongly that admissibility is central to the
notion of strategic stability. It also has the direct behavioral interpretation that it
is unreasonable for an agent to adopt a strategy when there exists another
strategy that is no worse in any outcome of that subgame and is strictly better in
some outcome. The relationship of these two criteria to Selten’s (1975) definition
of perfect equilibrium is discussed by Kohlberg and Mertens (1986) and by
van Damme (1983). Following Aumann’s (1974) insight of viewing equilibrium
points as self-enforcing agreements, we use the following definition.

DEFINITION: A contract (s* 0% ¢*) €8 is self-enforcing if (s* o*) is an
equilibrium of the game induced by the explicit contract c*.

The issue of concern here is which allocations can be implemented by self-
enforcing contracts. In the next section, we characterize that set of allocations.
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4. SELF-ENFORCING IMPLICIT CONTRACTS

Our concern here is with self-enforcing contracts that allow employment to
take place. Let 2*(IT° U°) denote the set of such contracts for the given
sequences of default payoffs IT° = (IT?, I19,...) and U°= (U, Uy,...) and let

(4.1)  X*(I1°,U°)={x€ X|x=y(s,0,c) for some (s,0,c)€ Q*(II°,U°)}.
This is the set of allocations that are implemented by self-enforcing contracts.

PROPOSITION 1: Under Assumptions 1-2, an allocation x € X*(I1°, U°) if and
only if T is infinite and
(4.2) U(x)—U>0,

(43) IH(x)-I?>0,
(4-4) 8[Ux+1(x) + H1+1(x) - Ut?—l - Hf0+1] 2 v(pl)’ all 71>1.

PROOF: (a) Necessity. Let x* = {(wf, pH)T*!'} € X*(IT°, U°) and suppose x' =
v(st, o, ct), where (st, of, ¢') € @*(I1°, U°). Clearly, (4.2) and (4.3) must hold,
otherwise either the worker or the firm would ensure ¢, f; =0 and no employ-
ment would take place. Moreover, since (s, of, c) € 2*(IT°, U®), U(x) for each
t must be at least as great as if the worker followed any other strategy, in
particular, setting p,=0 and ¢,,, =0 for some 7. Similarly, IT,(x) for each ¢
must be at least as great as if the firm followed any other strategy, in particular,

paying the worker as if p,= 0 even if this were not the case and setting f,,, =0
for some ¢. This gives the following inequalities for all t=1,..., T:

(4.5) U > Wa[a() o {p=0}]
+8{U% + W[ (1) U W (h(1))
UWa(h(1) U (p,=0}) U {gfiei=0}] ],
(4.6)  I,(x")>y(p) = Wa[n () U {p,=0}]
+8 {110, = W3, [h(£) U W2 (h°(1))
UWa(h(1) U {2, =0}) U {4e1ferr = 0}]}.
Addition of these expressions gives
U(x") + IO, (x") > y( pf) + 8(U%, + 1T, (1=1,...,T),
or, in view of the definitions of U,(x) and II,(x) in (2.2) and (2.3),
)’(P:r) _U(PI) + 8[(Jt+l(xt) + Hz+1(xf)]
>y(pl)+8[Ud, + 110, (t=1,....T).

In view of Assumptions 1-2, this requires T infinite and thus (4.4) follows.
(b) Sufficiency. Consider x'= {(w}, p1)® |} € X satisfying (4.2)-(4.4). We
construct a contract (s, o', ct) € @*(IT° U®) that implements x'. For given
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sequences {w,”}, and {w}2, (which will be the legally required minimum
payment at ¢ if the contract has not been terminated by ¢ and the legally required
severance pay if it is terminated at ¢, respectively), define (st, of, ¢) by
1, ift=1,orifp0>p£andwozwg,1<0<t,
(4.7) ST3QI°[}'(’0)] = orif w'+ U,°<w,”‘+8(w,‘+l+U,9,1), t>2;
0, otherwise;
pl, if t=1, orif py>p}, wy>w; and
Pi[A(M)] = Golo=1.1<0<r;
0, otherwise;
1, ifr=1,0rif pp>p)and wy>wj,1<8<1,
orif —w + %< —w™—k
+8(—wi + %), 225
0, otherwise;

(48) o El[n(:%)] =

wl, if py>ph, we>wj and gofy =1,

(53
1<b<t, 121,
0, otherwise;

wila(1h)] =

w”,  if gfy=1,1<0<1;
(49) WO [r(0)] =(ws, ifgufy=1forl<8<tand q,f,=0;
0, otherwise.

We now show that {w,”}%, and {w;}32, can be defined to ensure that, at times
1!, t? and ¢°, the contract thus defined is self-enforcing, that is, st and ot are
best responses given ¢’ and not weakly dominated.

We first show that, in subgames with p,_; <p!_, or w,_; <w} |, it is always a
best, and not weakly dominated, response for either the worker or the firm to
terminate the contract at ¢°. Under of, the firm will do so at 8 > ¢ unless

(4.10)  —wi+ 1< —wy—k+8(—wi,, +13,,).
But, since ITJ> 8119, ,, UL > 8U,,, and k > 0, then (4.10) satisfied implies
(411)  wi+ UL > wg +8(wiy + Uhy).

The lefthand side of (4.11) is the remaining lifetime utility of the worker from
quitting at 6°. Since, under of, wy=w,", all §>¢—1, in all subgames with
p,_1<pl_, or w,_, <w/_,. the righthand side is the remaining lifetime utility of
the worker at ° from not quitting at 6° if a separation would occur at § + 1. It
therefore follows that, if when following o' the firm is not going to fire the
worker at § but is going to do so at § + 1, it is a best, and not weakly dominated,
response for the worker to quit at §. But then, moving the argument back one
period, for the firm not to have fired the worker at 8 — 1, it follows that it would
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have been a best, and not weakly dominated, response for the worker to quit at
6 — 1. Sequential application of this argument ensures that, if the firm is ever
going to fire the worker and if (4.10) is satisfied for § = ¢, then it is a best, and not
weakly dominated, response for the worker to quit at ¢. Moreover, for the firm
never to fire the worker under o' requires that (4.10) is satisfied for all 8 > ¢. This
implies

—w,"+1"[?< - 80"(w9'"+k),

t

o 18

which, since IT? > 0, U° > 0 and k <0, implies
ws+ U°> 280 'wy",
0=t

so that it is then also a best, and not weakly dominated, response for the worker
to quit at ¢ rather than let the contract never be terminated. Hence, whenever
(4.10) holds for § =¢, it is a best, and not weakly dominated, response for the
worker to quit at ¢ in subgames with p,_, <pf | or w,_, <wl ,. Moreover, in
those subgames the worker will quit at § > ¢ under st unless

(412) wi+Ul<sw +8(w0+1+U9+1)

and, by a precisely analogous argument to that above, it is a best, and not weakly
dominated, response for the firm to fire the worker at ¢ if (4.12) holds for 6 = ¢.
But, since (4.10) implies (4.11), both (4 10) and (4.12) cannot hold for 6 =1.
Hence, for subgames at ¢ with p,_, <pl_, or w,_; <w |, it is always a best, and
not weakly dominated, response for either the worker or the firm to terminate the
contract at ¢°.

Now consider !, > 1. Since the contract will be terminated at ¢+ 1 if the
worker performs below pf whatever the previous history, performing such that
0 <p,<p! is strictly suboptlmal It will also be terminated in any subgame in
which p, < p} or wy,<w, for any 6 <1, so it is then clearly suboptimal to set
p,>0 and s’ is a best, and not weakly dominated, response in such subgames.
Moreover, given o, it is strictly suboptimal, whatever the history, to set p,> pf
in any subgame as this involves additional disutility of effort for no additional
income. Thus, in a subgame with p, > p}, wy > w) and g,f; =1 forall 8 <1, s is
a best response at ¢! for all > 1 if

(4.13)  U(xH)=wm+8(US, +w,,), for 1>1.

Moreover, even if this holds with equality, this part of s' is not weakly
dominated since there exist nonequilibrium strategies for the firm (for example,
paying w, > w,") that make p,=p! strictly better than p,=0.

By a similar argument, strategy o' is a best, and not weakly dominated,
response to st at time 2, > 1, if

(4.14) I,(xN) = y(pf) —wr+8(I% , —ws,,), fort>1.
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To ensure that the firm pays at least the minimum wage required by ¢’ requires
(415) wizwm for t>1.

At time 1%, 7> 2, both agents must wish to continue the contract in subgames
with p,_, >p! , and w,_, > w/ | and, since if it is continued we know from the
above that the best responses are p,=p! and w,=w/, sufficient conditions for
both wanting to do so are

(4.16) U(x")>U%+w?*, fort>2;
(417) I,(x")>I°—w, fort>2.

Again, none of these parts of the strategies are weakly dominated. Moreover, in
subgames with p,_, <pl_, or w,_; <w} |, it is clear that the worker cannot lose
by not quitting if (4.12) holds for 8 = ¢ since the righthand side can be guaran-
teed by quitting at ¢+ 1 and it is not weakly dominated since the worker would
do even better by staying on if the firm did not fire and were to pay w, > w/™.
Similarly, in these subgames it is a best, and not weakly dominated, response for
the firm not to fire if (4.10) holds for 6 = .

This establishes that (4.13)-(4.17) are sufficient for s* and o' to be best, and
not weakly dominated, responses given c' in all subgames after ¢° for = 1. But,
if one selects w? = U(x") — U° and w =w[ —v(p]), then (4.4) is sufficient to
ensure that (4.13)—(4.17) hold by the following argument. (4.16) and (4.15) follow
directly from the way w; and w,” are defined and v( p,) > 0. Moving (4.4) back
one period and replacing U,(x") — U,° by w?, one gets that (4.17) is satisfied.
Moreover, using the definitions

U(x") =wf = o(pf) +8U.\(x1),
Hr(xf) =y(pf) - sz + SHH_I(XT),

one gets that (4.13) and (4.14) are satisfied.

Finally, given that s* and o' are best responses in all subsequent subgames,
(4.2) and (4.3) ensure that, at time 1°, entering the contract is a best response for
both worker and firm. This is not weakly dominated even when one of these
holds with equality since there are clearly nonequilibrium strategies of the other
party that make entering the contract strictly better than not doing so. Q.E.D.

Proposition 1 characterizes the set of allocations that can be implemented by
self-enforcing contracts. Note two technical points about the proof. First, the
necessity part does not use the requirement that equilibrium strategies be
admissible, so dropping that requirement would not extend the set of allocations
implemented by self-enforcing contracts. Second, the proof that the quitting
strategy of the worker in (4.7) and the firing strategy of the firm in (4.8) are
admissible best responses does not in fact depend on those decisions being
simultaneous as we have assumed. Thus the set of allocations implementable by
self-enforcing contracts is independent of whether these decisions are made
simultaneously or sequentially, in either order.
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The formal proof of Proposition 1 is complicated by the need to deal with all
subgames but the underlying idea is straightforward. Conditions (4.2) and (4.3)
are obvious requirements since, unless they are satisfied, either the worker or the
firm will be better off out of the contract. Condition (4.4) is necessary for the
following reason. Basically, the verifiable information permits only two types of
payment to be legally enforceable, a minimum wage w,” if the contract continues
and a severance payment w, (of either sign) if it terminates. Suppose the implicit
part of the contract specifies a bonus of w! =w,—w™ > 0 in period ¢ if perfor-
mance is p,. Then performing at p, is worthwhile for the worker only if the bonus
plus the gain, discounted back to ¢, from having the contract continue is at least
as great as the disutility of effort plus the (discounted) severance payment, that is,
if w'+8[U,,(x)—U%]>v(p,)+8w;, . Paying the bonus is worthwhile for
the firm only if the gain, discounted back to ¢, from having the contract continue
is at least as great as the bonus minus the (discounted) severance payment, that
is, if 8[IT,., —II?, 1> w! — 8w’ ,. Adding these two conditions, we get (4.4).
Moreover, if (4.4) is satisfied, one can clearly always find a value of w! — 8w, ,
with w! > 0 that ensures that these two conditions are satisfied, which is the basis
of the proof of sufficiency. Indeed, this can be done with any w!> 0 so that,
contrary to what has been assumed in the literature, implicit contracts in which
the wage depends on performance (that is, bonus or piece-rate contracts) can be
made self-enforcing even when performance is not verifiable.

For a nonterminating contract, (4.4) can, in view of (2.2) and (2.3), be written

3{ f [y(Po)-v(Pe)]fi”"“—(U,‘il+H?+1)}>v(P,),

f=1+1

all r>1.
This depends only on the sequence of performance levels in an allocation, not on
the sequence of wage payments. It follows that only the present discounted value
of wage payments, not the time path, is important for the implementability of an
allocation. It also follows that, to implement a nontrivial allocation, there must
always exist a strictly positive surplus from continuing the contract once it has
started, that is, for 7 > 2, since the term in braces on the lefthand side of this is
just the surplus at 7 + 1 as defined in (2.4).

For some values of U and II} there may also be a strictly positive surplus at
t=1. That surplus can be divided between the firm and the worker in any
proportion provided an appropriate contract is chosen. Contracts can be found
which give the worker all the surplus, the firm all the surplus, or any division
between them. To see this, note that the expression for the surplus in (2.4) for
t =1 is the sum of the lefthand sides of (4.2) and (4.3), the worker’s part being
given by the lefthand side of (4.2) and the firm’s by the lefthand side of (4.3). But,
from (2.4), the surplus is independent of w, so that, without affecting (4.4), w,
can be altered to divide the surplus in any proportions.

Proposition 1 allows the default payoffs to follow any paths. In the present
stationary model, however, one would expect the default utility and profit to be
constant through time. Then one can show that any efficient incentive compatible
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allocation has performance constant through time and, for any such efficient
allocation, there is an equally efficient allocation with the wage constant through
time. It is also straightforward to derive necessary and sufficient conditions for
X*(IT°% U?) to be nonempty.

DEFINITION: An allocation x € X*(IT°, U°) is efficient if there does not exist
an x’ € X*(I1° U°) such that U(x") > U,(x), II,(x") > IT,(x) and either U,(x")
> Uj(x) or II,(x") > II,(x).

AssuMpTION 3: U°=u’/(1-98) and TI°=7°/(1-6), all t>1, for some
constants u°, 7%= 0.

PROPOSITION 2: Under Assumptions 1-3,
(a) there exists an x € X*(II°, U°) if and only if

(418)  max [y(p)—v(p)/8) >u’+a%
Pz

(b) if (418) is satisfied, x* = {(w*, p*)2,} € X*(II°, U°) is efficient only if
pX =p', all t, where p' is uniquely defined by

(419) pT= argmaxy(pt)_v(Pt)’

=0
subjectto  y(p,) —v(p,)/8— (u°+7%)>0;

(c) if (4.18) is satisfied and if x* = {(w*, p*)2,} € X*(II°, U°) is efficient,
there exists a wt such that the stationary allocation x* = ((wh, pH),(wt, pH),...} €
X*(IT°, U°®) and has Uy(x") > Uy(x*) and II,(xt) > IT,(x*).

PROOF: We start with part (b). Note from (2.4) that choosing x to maximize
the surplus S(x) is equivalent to choosing x to maximize U;(x) + II,(x). But,
also from (2.4), S(x) depends only on the sequence of performance levels and is
independent of the sequence of wage payments. Thus any distribution of the
surplus can be achieved independently of performance by suitable adjustment of
wage payments and any efficient allocation must have a performance sequence
that maximizes the surplus. Let == {( p,, p,,...)|p,€[0, p*), all £>1} denote
the set of all possible sequences of performance levels. For £ € E, let S*(£)
denote the surplus defined by (2.4) but written as a function of £ Define
G,(§)=S8*(¢)—v(p,_,)/8 for t > 2. Note that G,(§¢) > 0 is equivalent to condi-
tion (4.4). The proof proceeds by first showing that x* € X*(II°, U°) implies that
there is a stationary sequence of performance levels £ =(p, p,...) satisfying
G,(§) > 0 for every 1 > 2. Then we show that the stationary sequence of perfor-
mance levels p' defined in (4.19) uniquely solves

(4.20) ?:é( S*(£) subject to G,(£) >0, for ¢ > 2.

Let £&* = (p}, p¥,...) be the sequence of performance levels corresponding to
the allocation x*. Then, from (4.4) of Proposition 1, G,(£*) > 0 for 1> 2. Let A,
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defined by A(§)=(p,, Ps,...), denote the shift operator on Z=. Then, from
Assumption 3, it is clear that G,[A"(£*)] > O for every ¢ > 2 and n > 0. Moreover,
by Assumptions 1 and 2, the functions G,(£) are strictly concave for all £ € Z;
hence G[N7!-ZN_ A"(£*)]>0 for every t>2 and N>0. Let p' =
limsupy_, N '-ZN  p* and let £ =(p’, p/,...). For every t > 2, the functions
G,(-) are continuous with respect to the /, norm and, hence

N
lim sup G,[N"l- Y A"(ﬁ*)] =G,(¢)>0.

N— o0 n=0

Thus the program in (4.19) is feasible and, by Assumptions 1 and 2, the
performance level p' defined by it is unique.

The sequence of performance levels ¢ = ( pf, p,...) is clearly feasible for the
program (4.20). Moreover, since program (4.20) is strictly concave, it is a
straightforward exercise to show that ¢ uniquely solves it. This establishes part
(b). To establish part (c), note that for x* efficient p*=pf, all ¢, follows
immediately from (b). Moreover, there then exists a w! > 0 such that

™38

[Wt—v(pt)/(l—ﬁ)] 2> [Wt*_v(pt*)]st_l=Ul(X*)’

I
—

t

[y(pt)—wt]/(1-8)>

(4.21)

8

] [y(pt*) - w'*]st—l = Hl(x*)’

so (4.2) and (4.3) are certainly satisfied for x' and (4.4) is satisfied since
G,(&T) >0, all > 2. Thus, the conditions of Proposition 1 are satisfied for the
stationary allocation x' = {(wf, p"),(w', p*),...} and so xt € X*(II° U°). This
establishes part (c). The necessity part of (a) holds because (4.4) is equivalent to
G,(£) >0 for all > 2 and from (b) there exists an x with performance sequence
satisfying this only if there exists a p, satisfying the constraint in (4.19). The
sufficiency part of (a) follows from our demonstration that x'e X*(IT°, U°).

Q.E.D.

Part (a) of this gives a necessary and sufficient condition for existence of a
nontrivial allocation that can be implemented by a self-enforcing contract. Parts
(b) and (c) characterize efficient contracts. It is not surprising that, in a stationary
model, nonstationary allocations cannot improve on stationary ones. That a
stationary performance strictly dominates nonstationary ones follows essentially
from the strict convexity of v(-). It also has an interesting consequence. With
stationary default payoffs and stationary performance, the surplus defined in
(2.4) is the same at each date. Since we know from Proposition 1 that there must
be a strictly positive surplus from period 2 on, there must then also be a strictly
positive surplus in period 1. This means that it is not possible for both the firm
and the worker to receive payoffs equal to their default payoffs when agreeing to
a contract. One or both of them must be made strictly better off by doing so.
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Even with stationary allocations, the surplus required for a contract to be
self-enforcing can be divided in any way between the worker and the firm. Since,
however, a payment in period 1 different from that in subsequent periods would
violate stationarity, the nature of the contract must change with a change in the
division of the surplus. The form of the contract is the subject of Proposition 3.
For notational convenience, we let w,”(c¢) be the minimum payment required by
the explicit part ¢ of a contract that has not been terminated by ¢ and w/(c) the
severance payment required by c if it is terminated at .

PROPOSITION 3: Let x' = {(w', p%),(wT, p"),...) € X*(IT°, U®) and let S*(x%)
= [U(x") — UP1/S,(x") denote the share of the surplus that goes to the worker.
Then, under Assumptions 1-3, (w', p") satisfies

(422)  wh=y(p") == (1-8)8,(xH[1-5"(x")]
= o(p") + U0+ (1 - 8)S,(x")$*(x")
and the explicit part of the contract ¢ implements x' if and only if
(4.23)  wm(c)<wf, ally,
(424)  y(p') = 7= Si(xH[1 - 87(xN] <w(e) + 8w (e)
<u®+ S,(x")S*(x"), allt.
Moreover, there exists ¢ such that (4.23) and (4.24) are satisfied for every t wit}

w' 1(c) =0, that is, with no severance pay or bonding.

ProOF: With x' stationary, the definition of the shares of the surplus implies
Sy (x)$*(x) = [wh = o(p") ] /(1 - 8),
S,(xM)[1-s"(xN] = [y(p") —wF = 2°] /(1-8),

from which (4.22) immediately follows. Necessity of (4.23) follows from ths

definition of a contract. Necessity of (4.24) follows because, under Assumption 3
the necessary conditions (4.5) and (4.6) can be written

[wh=ov(p")]/(1=8)=w(c) +8u’/(1—8) + 8w (c), ally,
[y(#") =w']/(1=8) > [»(5") - w(c)]
+87%/(1—8) — 8w, (c), allr.

The inequalities (4.24) follow directly from these and the definitions of S;(x) i
(2.4) and S¥(x). Proof of sufficiency of (4.23) and (4.24) follows the sufficienc
proof of Proposition 1 with (w,”, w/, ;) satisfying (4.23) and (4.24), all ¢. Finally
(4.22)—(4.24) can always be satisfied with w’, ,(c) =0, all ¢, provided

y(p") == 8, (x"N[1 = 8"(x")] <y(p") — 7"~ (1~ 8)5,(x")
x[1-8"(x")].

But this is necessarily the case since 0 < § < 1. Q.EI
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For stationary allocations, Proposition 3 specifies how the form of contract
depends on the division of the surplus and establiches that the use of severance
pay and bonding does not extend the set of implementable allocations. As is clear
from (2.4), the surplus S,(x") depends only on p' and not on w'. Hence, for
given p', (4.22)-(4.24) specify completely what the terms of the explicit part of
the contract must be if the worker is to receive the share of the surplus $*(x"). If
S*(x") =0, it follows from the proposition that either w' > w(c) or w?, ;(¢) <0,
all ¢, and hence that either the contract has a bonus or piece-rate element or that
it has negative severance pay (that is, bonding). The reason is that a worker who
gets no surplus gets no long-term benefit from continuing the contract and will,
therefore, default unless there is an immediate cost to doing so. If, on the other
hand, $*(x") =1, then w"(c) + 8w’ (c) > w' and, since w(c) < w' by defini-
tion, w' (¢)>0. In this case, therefore, there cannot be bonding and, if the
contract has a bonus or piece-rate element, it must also have strictly positive
severance pay. The reason in this case is that, if the worker gets all the surplus,
the firm gets no long-term benefit from continuing the contract and would
therefore default on it if there were bonding or if the contract were a piece-rate
with no severance pay.

Shapiro and Stiglitz (1984) assume that contracts take the form w™(c)=w’
and w}, ;(c) =0, that is, they are termination contracts with no severance pay or
bonding. Since 0 < § < 1, it then follows from (4.23) and the first halves of (4.22)
and (4.24) that $*(x")=1, so the worker gets all the surplus. Proposition 3,
however, makes clear that this does not have to be the case, even with a
stationary allocation, provided piece-rate contracts or bonding are permitted. In
that case, there is no necessity for the worker to receive any of the surplus.

The result that any achievable stationary allocation can be implemented by a
contract ¢ with w’,_;(c) =0, that is, without severance pay or bonding, may seem
surprising. Bonding has been widely discussed in the literature as a solution to
the problem of worker moral hazard. See Eaton and White (1982) and (1983) on
this. The economic rationale for the result is, however, straightforward. Ceteris
paribus, a bond clearly increases the loss to the worker from dismissal and so
reduces the incentive to cheat on the implicit contract. However, in the present
model, it simultaneously increases by exactly the same amount the gain to the
firm from defaulting on the implicit contract by dismissing the worker even if
performance has been at the appropriate level. Hence a bond cannot reduce the
total surplus required to make a contract self-enforcing. All it can do is allow
more of the surplus to go to the firm without inducing the worker to default and
that can be done just as well by piece-rate or bonus contract.

That neither severance pay nor bonding is necessary to achieve any imple-
mentable allocation has an important consequence. In the absence of these, the
only legally enforceable element in a contract is the part of the wage that is
independent of the worker’s performance. Since this must be paid whatever the
performance, it would make no difference to the incentives if it were paid at the
time the worker reported for work at the beginning of the period instead of being
paid at the end, as we have assumed. But then there is no need for a legally
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enforceable contract to ensure that the firm pays it because the worker need not
work unless paid. Note that it is the absence of severance pay and bonding that is
important for this. These (in the way we have formulated them) are payments
made only if a contract has terminated but, once a contract has terminated, there
is no incentive for them to be paid unless they are legally enforceable. Without
severance pay and bonding, however, wage payments under a contract can be
scheduled to occur only at times when the firm gains by paying them and
continuing the contract, so it is in its interest to pay them even without legal
enforceability.

The results of this section are important from a theoretical point of view
because they give a complete characterization of all the allocations that can be
implemented by any self-enforcing contract. This allows us to discuss the
implications of nonverifiability without having to be concerned, as Carmichael
(1985) rightly was about Shapiro and Stiglitz (1984), that the conclusions we
draw result from the assumption of a specific form of contract. Moreover, in
discussing market equilibria in Part II of this paper, it enables us to concern
ourselves only with allocations, rather than specific contracts, because we know
that there always exists a self-enforcing contract that will implement any alloca-
tion satisfying the conditions of Proposition 1.

These results are also important in providing a better understanding of the
labor contracts used in practice. Piece-rate contracts, and contracts with an
informally agreed bonus, are used in situations in which their legal enforceabiliity
is at best doubtful. Severance payments and bonding are not particularly
widespread, despite their prominence in earlier literature concerned with moral
hazard in employment. And labor markets survived with few written contracts
for a very long time despite the fact that the lack of a written contract greatly
increases the difficulty of legal enforcement. It does seem, therefore, that the
contracts that arise from the present approach are much closer to actual contracts
than those that arise from applying standard principal-agent models to employ-
ment.

PART II: MARKET EQUILIBRIUM

5. SUBGAME PERFECT EQUILIBRIA

Part I of this paper has characterized the set of wage-performance allocations
that can be implemented by implicit contracts between a firm and an employee
when the employee’s performance is not verifiable in court. There the default
payoffs received if the contract was terminated were taken as given. In Part II, we
embed our bilateral contract structure into a market setting in which the default
payoffs are endogenous. Our purpose is twofold. First, we want to analyze the
implications of a competitive labor market for the set of allocations imple-
mentable by self-enforcing contracts. Second, we want to compare the character-
istics of equilibrium in labor markets in which performance is not verifiable with
that in labor markets without this information imperfection.
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From the formal point of view, this requires extending the two-player game of
Part I into a multiple-player game. The fundamental issues raised by this,
however, apply to a wider set of models than that of Part 1. The essential
characteristic of that model for market equilibrium is that mutually beneficial
contracts between two parties are self-enforcing only when at least one party
gains from continuing the contract and is deterred from deviating for additional
short-term gain by the threat of the other party playing a punishment strategy.
This is a characteristic that arises in other repeated games with equilibria
sustained by the threat of punishment strategies, for example, the repeated
principal-agent models studied in Radner (1985). The existence of a market in
which the players can find other partners then has two important consequences.
First, a player who deviates can negotiate with another partner to avoid the full
force of the punishment inflicted by the other party. But, second, a punishing
party can also negotiate with another partner and that opportunity may reduce
the cost, and hence increase the credibility, of adopting a punishment strategy. In
this respect the fundamentals, though not the details, of the analysis that follows
apply to other market game with these characteristics.

The model we use is identical with that of Part I with the following additional
assumption that specifies the structure of the economy.

ASSUMPTION 4: The economy has one produced good, which is not storable, is
used as the numeraire, and is produced by workers each working with one produc-
tion function y(p,). There are N such production functions ( jobs), indexed by
neT={1,...,N}, and L identical workers, indexed by 1€ ¥={1,...,L}. The
owners of production functions (firms) do not work and consume all profits.

There are a number of different ways one might specify the rules of the game
that govern the operation of the labor market. We specify one particular set here
and discuss later how the results would differ under other specifications. Our
description is somewhat informal. A more formal description along the lines of
that in Section 3 requires a lot of notation that obscures, rather than clarifies, the
basic points.

A labor market opens in each period before production begins. In period 1, all
agents in the economy enter this market. In subsequent periods, it is entered only
by workers who were unemployed in, or have separated from their employer of,
the previous period, and by firms that had an unfilled vacancy in, or that
separated from an employee of, the previous period. Let .#‘ denote the set of
workers in the market in period ¢ and 7" the set of jobs that firms have vacant.
When the market opens, firms announce a contract " = (s", 6", ¢") € £ for each
vacancy n € 7', Note that £ contains the trivial contract of not offering employ-
ment. The worker with the lowest index in #* then chooses an unfilled vacancy
ne€T' by agreeing formally to the explicit conditions c¢”, or else chooses to
remain unemployed. Once this choice has been made, the worker with the next
lowest index makes a similar choice from the remaining vacancies. This process
continues until there are either no vacancies or no workers left in the labor
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market. Workers and firms that have formed a match then play the game
described in Section 3 under the explicit conditions ¢” for each n € T".

As in Part I, equilibria of this game are required to satisfy the backward
induction and admissibility criteria of Kohlberg and Mertens (1986). The formal
definition is an obvious extension of that in Section 3 so we do not give details. A
market allocation can be denoted by (x',..., x¥) € X, where E < min {N, L} is
the employment level and x'€ X, i=1,..., E, is the allocation in the ith match.
Since all workers are identical, as are all jobs, there is no need to specify which
worker and job form the ith match so, without loss of generality, we can take it
that job n=i and worker /=i form the ith of the £ matches and adopt the
convention that IT,(x") = U(x')=0, all £>1, for i > E so that the payoffs to
those not in matches are zero. Recall from (4.1) that X*(II°, U?), characterized
in Proposition 1, is the set of allocations for a job that can be implemented by
self-enforcing contracts given the sequences of default payoffs IT° = (IT?, IT9,...)
and U%= (U?, UY,...). We let @ denote the null sequence in which each term is
zero. The set of market allocations that can be implemented by equilibria are
characterized as follows.

PrOPOSITION 4: Under Assumptions 1, 2, and 4, a market allocation
L...,xE) e XE can be implemented by an equilibrium if and only if
(51) O0<E<min{N,L});

(52) x'ex*(9,9), fori=1,...,E.

(x

PROOF: (a) Necessity. Let (x,..., xf) be a market allocation implemented by
an equilibrium. Then (5.1) follows immediately from the requirement that jobs
and workers form one-to-one matches. Moreover, workers and firms can always
achieve the payoff sequence @ by refusing any matches so, in equilibrium, their
default payoffs must be at least as great as this and thus (5.2) must hold.

(b) Sufficiency. Let (x',..., x%) be a market allocation satisfying (5.1) and
(5.2). The proof proceeds by constructing strategies that form an equilibrium and
implement this allocation. In particular, the strategies are constructed to yield a
zero payoff to all agents when off the equilibrium path. To save on heavy
notation, the specification of these strategies is somewhat informal. Let w,(c)
denote the minimum payment in period ¢ under the explicit contract c¢ if that
contract has not been terminated by ¢ and w/(c) the severance payment required
at ¢ if the contract is terminated in period z. Also denote by 1/ the set of jobs
still vacant at ¢ after workers with index less than / have chosen either jobs or
unemployment.

Strategy of firms for job n > E + 1: If in the labor market in period ¢, offer a
contract ¢” with —w/™(c")— 6w}, (c") — k> 0. In any subgame in period ¢ in
which the job is filled, pay w/"(c¢") and, if —w7,(c")—8w’ ,(c")—k>
—w, 1(c™), keep the worker on for period ¢ + 1; otherwise fire the worker.

Strategy of firms for job n€ {1,..., E}: In period 1, offer a contract w" &
Q*(2, @) for that job that is both self-enforcing and implements x" (such a
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contract exists by Proposition 1) and follow the strategy o” specified by this
contract until it is terminated. In every other subgame, follow the strategy
specified for jobs with index n > E + 1. (Note that, even if E = N, these strategies
are well defined.)

Strategy of worker 1€.%: Denote by T/* the set of vacancies . available to
worker / in period 1 for which the allocation specified by (5.2) is offered under a
self-enforcing contract. Formally,

T¥={nlne(l,...,E} N7 and 0" € Q*(2, @), is self-enforcing
and implements x” }

Denote by n’ the job that maximizes U;(x") among n € T/*. Let n’ = 0 if no such
job exists and, in the event of a tie, choose randomly among the tying jobs.
Denote by n” the job that has the highest value of w/"(c¢")+ dw;5(c") among
ne T} —T*. In period 1 choose job n’, n”, or no employment according as
U (x™), w(c"") + 8ws(c™"), or 0 is the greater. In the event of a tie, choose n’
before n” and, likewise, n” before no employment. If n’ is chosen in period 1,
follow the strategy s specified by the implicit part of " until the contract is
terminated. In all other subgames, adopt the following strategy: (i) if in the labor
market in period ¢ > 2, choose the job that offers the largest payment w,"(c") +
dw/ (c") for n€ T/ if this amount is at least zero, otherwise remain unem-
ployed; (ii) if employed in job n in period ¢ > 1, set performance p, equal to zero
and if wS, (c") > w1 (c")+ 0w/’ ,(c™) quit, otherwise stay on.

The workers’ strategy is constructed so that, if the contract offered for job
ne€(1,..., E} is self-enforcing and implements x", some worker accepts it and
does not subsequently deviate from the equilibrium path for that contract
whereas, if the contract is not self-enforcing or does not implement x”, either no
worker accepts it or else a worker accepts it but sets performance at zero. In view
of that, the firm receives profits II;(x") > 0 from job n € {1,..., E} by offering
w" as in the strategy specified above and following o” whereas, if it offers a
contract that is not self-enforcing or does not implement x”, it receives a payoff
of at most zero, so following that strategy is a best response. Clearly, if
IT,(x™) > 0 this is not weakly dominated but this is true even if II,(x")= 0 since
filling the vacancy with allocation x” is strictly better for some (nonequilibrium)
strategy of workers than any alternative. Given firms’ strategies, a worker who
chooses job n€ {1,..., E} and follows the strategy s” gets utility U;(x") > 0 so
it is clearly a best response for workers to select jobs as described in the above
strategy and, by an argument similar to that for firms, this is not weakly
dominated. Moreover, if either party deviates from the equilibrium path of ",
the strategies of other players ensure that both receive a payoff of zero thereafter.
Thus, since x" € X*(2, @) and " implements x”, it is a best, and not weakly
dominated, response for neither party to deviate from the equilibrium path of w".

To show that the strategies form an equilibrium of the market game, it remains
to show that the strategies for workers and jobs not matched in one of the E
initial matches, or whose initial contract is terminated, are best responses and not
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weakly dominated. By exactly the same argument used in the proof of Proposi-
tion 1, in any such subgame it is always a best, and not weakly dominated,
response for either the worker or the firm to terminate any contract. Hence, a
worker who finds himself or herself employed has an income independent of
effort and thus setting performance p, equal to zero is always the unique best
response. In view of this, accepting the vacancy that offers the largest payment
w(c™) + 8w, (™) if this amount is at least zero is also always a best response
and cannot be weakly dominated. Moreover, by that same argument, it is
uniquely optimal for the worker to quit unless w/, ;(c") < w7 (c") + 0w}, ,(c™).
If that condition holds, then the worker loses nothing by staying on as he or she
can always quit with effect from period ¢+ 2 and thus receive w7 (c")+
dw/’, ,(c") and this is clearly not weakly dominated.
Given the strategy of workers, offering a contract with —w,™ — 8w’ ; —k > 0is
a best, and not weakly dominated, response for the firm with job n> E +1, or
n € (1,..., E} whose initial contract is terminated, because any worker accepting
a contract with that firm will shirk (but no worker actually accepts such a
contract). Equally, if the firm has an employee, the employee will shirk so paying
the lowest wage permitted under the contract is a best response and also clearly
not weakly dominated. Finally, by an argument analogous to that for workers, it
is a best, and not weakly dominated, response for the firm to fire an employed
worker unless —w/7,(¢") — 8w’ ,(c")— k> —w} (c").
Hence, the strategies specified above form a subgame perfect, not weakly
dominated equilibrium that implements the market allocation (x,...,x%).
Q.E.D.

Condition (5.1) of this proposition states that any employment level up to the
maximum feasible level of min { N, L} is a possible market equilibrium. Condi-
tion (5.2) states that market equilibrium places no restrictions on the allocations
beyond those required by Proposition 1 to ensure that they can be implemented
by a self-enforcing contract when the default utility and profit levels are zero.
This is in the spirit of the “Folk Theorem™ results for repeated games (see
Fudenberg and Maskin (1986)); taken in conjunction with Proposition 1, (5.2)
implies that any self-enforcing combination of firms’ profits and workers’ utilities
that gives all agents payoffs at least as good as if they did not participate in the
market is an equilibrium.> These equilibria are sustained by punishment strate-
gies in the usual way. If in period 1 a firm offers anything other than a contract
that implements the equilibrium allocation for its job, either no worker accepts or

? This is different from the Folk Theorem results in Fudenberg and Maskin (1986) in several ways.
Particularly important in the present context are: (a) the set of equilibria is characterized for all 8, not
just 8 close to 1; (b) the equilibria include any or all agents receiving their minimax payofis; (c)
agents are not assumed to observe all other agents’ past strategies; (d) we have ensured that
equilibrium strategies are admissible.

(b) is necessary for equilibria with E < min{N, L}. (c) is important because the structure of our
model rules out firms observing the performance of workers who are not their employees and of
workers observing the performance of other workers. This is clearly important in the context of labor
markets.
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a worker accepts and shirks. If either firm or worker fails to abide by such a
contract, they are punished by the other terminating it. In any other subgame,
workers shirk and firms fire any workers they have, so any agent who deviates
from the equilibrium allocation is punished by receiving a nonpositive payoff
thereafter. Since any agent can guarantee a payoff of zero by not participating in
the market, the default payoffs II° and U° are zero in every period and any
allocation x € X*(J, &) can be implemented as an equilibrium.

Both (5.1) and (5.2) are different from what one expects for equilibria in
models in which performance is verifiable. For E <min{N, L}, there exist
bilateral trades that would be Pareto improving and that both parties know about
—they know both what the Pareto improving contracts are and who would gain
by agreeing to them—but these trades are not carried out. Moreover, (5.2)
permits allocations in which agents on the short side of the market receive only a
zero payoff (that is, do no better than if they were not trading) whereas agents on
the long side receive a positive payoff as well as, in the way one might expect, the
other way round. This is true even when E =min { N, L} so that all agents on
the short side are participating in a contract. It also has the implication that, in
an equilibrium with E < L and thus unemployed workers, all employed workers
can receive strictly greater expected lifetime utility than unemployed workers so
that, since all workers are identical, the unemployment is genuinely involuntary.
This is in the spirit of the involuntary unemployment result in Shapiro and
Stiglitz (1984) (which also arises because performance is not verifiable) although,
in contrast to Shapiro and Stiglitz, there is not a unique unemployment equilib-
rium. Nor, in the spirit of Carmichael’s (1985) critique of Shapiro and Stiglitz, is
involuntary unemployment an essential characteristic of equilibrium. Condition
(5.2) permits allocations in which all workers, whether employed or unemployed,
receive zero utility so that unemployment is not involuntary. Moreover, it permits
allocations in which there are vacancies that are unfilled despite those that are
filled earning strictly positive profits—these might be called involuntarily unfilled
vacancies—as well as allocations in which both filled and unfilled vacancies
generate zero profits.

Even though Proposition 4 is very much in the spirit of the “Folk Theorem”
results, one might still ask, first, whether the rules of the game that we specified
above, and that govern the operation of the labor market, are really the appropri-
ate ones and, second, whether the equilibrium concept we have used discrimi-
nates adequately what one might regard as “reasonable” equilibria from ‘“unrea-
sonable” ones. On the first question, the obvious candidate for a change in the
rules of the game is to have workers, rather than firms, announcing the contracts.
It is clear, however, that Proposition 4 applies unchanged to this alternative
game. The necessity part of the proof is independent of who announces the
contracts and an obvious respecification of the strategies in the sufficiency part
leaves the conclusion unchanged.

The question of the appropriate equilibrium concept is more tricky. We deal
here with one issue, that of unfilled jobs and unemployed workers co-existing
despite there being mutually beneficial self-enforcing contracts, but leave to the
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next section the issue of possible renegotiation once a contract has been termi-
nated. On that first issue, however unreasonable it may seem from the standpoint
of traditional economic models, it does not seem to us so unreasonable in the
light of the contracting problems that result from performance not being verifi-
able. In the present model, producing positive output requires a degree of trust
by at least one of the parties that the other will stick to a contract. A worker will
not incur disutility to produce positive output in a job unless he or she believes
that the employer will adhere to the implicit contract by paying any agreed bonus
and continuing the contract in the next period. Similarly, a firm will not keep on
a worker, nor pay a bonus that is not legally binding, unless it believes that the
worker will adhere to the implicit agreement by continuing the contract and
producing the agreed output in the next period. If one party believes the other
will not adhere to a contract, and the other believes that the first party believes
this, then not adhering to that contract is optimal for both and it will not be
offered in the first place. This is, in principle, exactly as in other models with
multiple Nash equilibria. A particular equilibrium is played only if all players
have appropriate beliefs about the strategies other players will play—see
Aumann (1987). In this respect, the present market game is like a repeated
prisoners’ dilemma game—an efficient outcome can be an equilibrium if the
parties have the right beliefs but there is no guarantee that they will. The essence
of the proof of Proposition 4 is that, in implementing a particular market
allocation, nobody believes other agents will abide by any implicit contracts other
than those that implement that allocation. Thus, it is not optimal for any other
contracts to be offered.

In practice, too, it is not unreasonable to imagine that markets that depend on
trust, financial markets in the City of London are obvious examples, would not
actually come into being, at least in their present form, if they did not have a
history that led agents to have that trust. Nor is it unreasonable to imagine
economies being underdeveloped in the literal sense that certain markets do not
exist because nobody believes that those potentially on the other side of the
market will stick to an implicit contract. Proposition 4 says that this can result
from everybody following an optimal strategy and that, if some implicit contracts
are believed while others would not be, then those contracts are the ones that will
be offered even if they are not efficient.

6. EQUILIBRIA WITH RENEGOTIATION

Punishment strategies like those in the proof of Proposition 4 have become
standard in models of infinitely repeated games. Yet some economists have
doubted whether the punishments involved are really credible. To punish agents
who deviate from equilibrium contracts, other agents forego the potential gains
from contracting with them in the future. For these punishments to be credible,
those agents must be prepared to deny themselves the possibility of renegotiating
deals that would reap these gains. Since bygones are bygones, it is not clear that
it is reasonable to assume that they will do so. But if they renegotiate, the
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punishments implicit in the original contract are not actually carried out and
rational agents should take account of that in deciding what contracts will be
self-enforcing in the first place. To be self-enforcing a contract would then need
to be proof against renegotiation of this sort.

In this section we consider the implications of renegotiation for market
equilibrium in the model. Pearce (1987) has suggested one notion of renegotiation
proofness and explores its structure formally. Here we concentrate on its implica-
tions for the present market game. The essence of the notion is as follows.
Suppose a game is in a punishment phase. If players renegotiate away from that
punishment, it is not internally consistent to renegotiate to an allocation that
requires the original punishment to sustain it. Sustaining an allocation by a
punishment entails believing that it is not possible to renegotiate away from that
punishment and it is internally inconsistent to believe that, when the opportuni-
ties available are stationary over time, a punishment that one is just renegotiating
away from will not be renegotiated away from in future. For a symmetric
equilibrium, the logical conclusion is that rational players should not renegotiate
to any allocation that requires punishments as stringent to sustain it as the
punishments they are negotiating away from. If it did, that allocation would not
itself be renegotiation proof. _

The present market game has an important asymmetry, however, at least as
long as the number of jobs is not the same as the number of workers. In any
renegotiation, there will then be a short side and a long side of the market. There
is nothing incredible in the agents on the long side of the market having
punishment payoffs of zero even after renegotiation. Suppose, for example, there
are more workers than jobs. A firm that loses a worker will then always be able to
find another identical worker as a replacement. Since in equilibrium no jobs are
ever actually vacated, it seems reasonable that any worker who deviates from an
equilibrium strategy and thus loses a job, will never get another one. Then that
worker’s remaining lifetime utility will be zero. A symmetric argument applies if
there are more jobs than workers.

In the present context, the punishments that follow from cheating on a
contract at time ¢ are the default payoffs IT? and U,°. These are the payoffs that a
firm and a worker get if their contract comes to an end and they seek alternatives
on the market. For agents on the long side of the market, the argument above
implies that their default payoffs are zero. To see the implications of Pearce’s
approach to renegotiation proofness for the short side, consider the case L> N + 1
so that there are more workers than jobs. Suppose a firm is negotiating a new
contract in some period > 2 in a punishment phase of the game. Its default
payoff in period 7 is, by definition, the payoff it gets from this renegotiation. In
carrying out the renegotiation, both parties must bear in mind that exactly the
same renegotiation could take place between the firm and another worker in the
future. Thus, to be proof against such further renegotiation, the contract negoti-
ated at ¢ must be sustained by a credible punishment. That is, the punishment
must correspond to a self-enforcing allocation that is itself renegotiation proof.
Let x* denote the allocation that gives the most stringent of all future credible
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punishments on the firm from period 2 on and let II,(x*) be the payoff from
period ¢ on if the punishment implied by x* is started at . Any allocation worse
than x* for the firm cannot, by the definition of x*, be self-enforcing and
renegotiation proof, so IT,(x*) is a lower bound on the firm’s payoff at ¢ for any
self-enforcing and renegotiation proof allocation. Hence, for a renegotiation
proof market equilibrium IT? > IT,(x*), all ¢ > 1. Certainly, therefore, a neces-
sary condition for x* to be self-enforcing is that it be self-enforcing for the
default payoff II,(x*) at each ¢; that is, x* € X*[II(x*), @], where II(x*)=
[II,(x*), IT,(x*),...] is the sequence of payoffs with the ¢th term the firm’s
payoff if x* is started at ¢ and @ is the sequence of default payoffs of zero that
workers have when they are on the long side of the market. For x* also to be
renegotiation proof, it must maximize IT,(x*) for all x € X*[II(x), &@]. Other-
wise there exists a self-enforcing allocation better for the firm that requires a
punishment less stringent than x*. But then there cannot be an allocation better
for the firm than x* that is self-enforcing, renegotiation proof, and also sup-
ported by a punishment less severe than x*. Moreover, any allocation that has a
punishment more severe than x* is not, but the definition of x*, self-enforcing
and renegotiation proof. Hence, for any self-enforcing contracts to be renegotia-
tion proof, the default payoffs must be given by IT° = IT (x*), all ¢ > 1. Again, a
symmetric argument applies when there are more jobs than workers. This
motivates the following definition.

DEFINITION: A market allocation (x!,..., xf) € X% can be implemented by a
renegotiation proof equilibrium if

(6.1) x‘eXx*(I1°,U°) (i=1,...,E),
(6.2) MH/(x')=I (i=1,...,N), and U(x')> U’ (i=1,...,L;all¢t),

when IT? and U” satisfy:

(@ for L>N+1: U°=0 and IT?=1II,(x*), all ¢, where x* satisfies (i)
x* € X*[II(x*), &}, (ii) there does not exist x’ € X*[II(x’), @] such that IT (x’)
> II,(x*) for any ¢ > 2;

(b) for N> L+1: II°=0, and U°= U(x*), all 1, where x* satisfies (i)
x* € X*[ g, U(x*)], (ii) there does not exist x’ € X*[ &, U(x")] such that U(x’) >
U(x*) for any t > 2.

In this definition, (6.1) ensures that the allocation can be implemented by
self-enforcing contracts and (6.2) that all agents receive the appropriate default
payoff. Conditions (a) and (b) ensure that, for the cases L>N+1land N> L+ 1
respectively, the default payoffs can be sustained by the allocation x* that is
itself self-enforcing and renegotiation proof. We do not treat the case N=L
since there is not then a short side of the market in any future renegotiation and
so one must address explicitly a bargaining problem that we do not wish to get
into here.
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We show in Proposition 5 below that the default payoffs IT° and U° must be
stationary for an equilibrium to be renegotiation proof. With stationary defaults,
Assumption 3 holds so the results in Proposition 2 apply. To ensure that (4.18)
can be satisfied, and so employment occur, with the firm or the worker having a
positive default payoff, we make the following assumption.

ASSUMPTION 5: Max,, .o [y(p,) —v(p,)/8]>0.

It is convenient to define

(6.3)  p*=argmax[y(p,)—v(p,)/8].

p=>0

PROPOSITION 5: Under Assumptions 1, 2, 4, and 5, a market allocation
(x',..., xE) € XE can be implemented by a renegotiation proof equilibrium if and
only if E=min{N, L} and x'€ X*(II°,U°), i=1,..., E, when

(@) for L>N+1: U’=0, all t, and

(6.4) M= [y(p*)—0v(p*)/8]/(1-8), allt;
(b) for N>L+1: I1°=0, all t, and

6.5)  U°=[y(p*)—v(p*)/8]/(1-9), allr.

PROOF: (a) Necessity. Consider first the case L> N + 1. Let (x',..., x¥) be a
market allocation implemented by a renegotiation proof equilibrium under the
assumptions stated. That x’ € X*(I1° U°) and that U,° =0, all ¢, follow directly
from the definition of a renegotiation proof equilibrium. It also follows from (ii)
of that definition that x* must be such that

(6.6)  II°= max {II,(x)|x<€ X*[II(x), 2]}, allt.

Since this is constant through time, we can define 7%= (1—8)II° and u°=
(1 —=8)U? all t. Thus Assumption 3 is satisfied and Proposition 2 applies. But,
by Assumption 5, (4.18) is satisfied for some 7% > 0 so, by (a) of Proposition 2,
the program in (6.6) is feasible. It then follows from (4.18) and u® =0 that its
solution satisfies 7°=[y(p*)—v(p*)/8]>0, with p* defined in (6.3). Thus,
since IT% = 7°/(1 — §), (6.4) holds. Finally, since all jobs must have a payoff of at
least I1% it must be that E= N since otherwise some job receives payoff
sequence . The proof for the case N> L+ 1 is precisely symmetric with the
program

(6.7) U = max {U,(x)|x€ X*[2,U(x)]}, allt,

replacing that in (6.6).

(b) Sufficiency. Again, consider the case L > N + 1 first. Clearly, the x* solving
(6.6) satisfies (i) of the definition of a renegotiation proof equilibrium and, in
view of (6.7), 7%= (1 — 8)I1°, with IT° defined by (6.4), is the highest feasible
stationary value of profit. Thus this x* also satisfies (ii) of the definition of a
renegotiation proof equilibrium. That x‘ € X*(I1°, U°) implies trivially that (6.1)
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is then satisfied. That E = N ensures that IT,(x')>II°, i=1,..., N and all ¢.
That U°=0 ensures U(x')> U i=1,...,L and all t. Hence (6.2) is also
satisfied. The proof for N > L + 1 is symmetric. Q.E.D.

This proposition characterizes the set of allocations that can be implemented
by renegotiation proof equilibria. In contrast to the result in Proposition 4, either
all jobs are filled or all workers employed. The reason is that an allocation that
leaves an agent on the short side of the market without a partner (and, therefore,
receiving a payoff of zero) cannot be renegotiation proof because there is always
an unmatched agent on the long side of the market with whom to renegotiate a
positive payoff. The market then works to raise the payoff of agents on the short
side in any renegotiation to the highest level consistent with renegotiated con-
tracts being renegotiation proof. That is what (6.4) and (6.5) specify. That these
are the highest payoffs possible follows directly from (a) of Proposition 2 and the
definition of p* in (6.3)—a higher value of IT° or U would violate (4.18). Note
that p* < pY, the efficient level of performance defined in (2.5) that would be set
if performance were verifiable, so the nonverifiability of performance has a real
cost even though either all jobs are filled or all workers employed. The market
cannot get to the Pareto frontier that could be achieved if performance were
verifiable.

Proposition 5 specifies unique sequences of default payoffs for any renegotia-
tion proof equilibrium but there is not a unique equilibrium allocation. The
reason for this should be clear from the earlier discussion of self-enforcing
contracts. Condition (4.4) of Proposition 1 required that, for a contract to be
self-enforcing, it must offer a strictly positive surplus over the default payoffs
from period 2 on. But, with a stationary model and stationary default payofTs, it
must then be possible to generate a strictly positive surplus in period 1 also. With
the stationary level of performance p*, it follows from the definition in (2.5) that
this surplus is given by

(6.8)  [y(p*)—v(p*)]/(1=8)-UL~II)=0v(p*)/6>0,

the equality following from substitution of the default payoffs in either (a) or (b)
of Proposition 5. This surplus is like a rent. It makes no difference to incentive
compatibility whether it goes to the firm or to the worker. It can, in fact, go to
either or even be dissipated by the adoption of a contract with performance less
than p*.

One way to generate a unique equilibrium is to follow the approach to
selecting equilibria adopted in Farrell (1985). To see its implications in the
present context, recall that a contract «'= (s, ', c') offered for job i specifies
not only the explicit, legally enforceable part ¢’ but also suggestions s’ and ¢’ as
to the strategies that a worker and a firm adopting this contract should play.
There is no obligation for them actually to play these strategies— there cannot be
because they are not legally enforceable. Farrell, however, makes the assumption
that players believe the suggestions will actually be played provided they are
consistent in an appropriate sense. In the present context, a natural interpretation
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of consistency is that the allocation implemented by the suggested strategies is
self-enforcing and renegotiation proof. If both workers and firms believe that
their partner will actually play the suggested strategy, the best response of
workers in period 1 is to accept the contract that, of all the self-enforcing and
renegotiation proof contracts on offer, yields the highest utility if adhered to. To
express this formally, recall that 7} was defined as the set of jobs still unfilled
when worker / makes the choice of what contract to accept, or chooses to remain
unemployed, in period 1. Now define 7/ as the set of jobs in 1} for which the
contracts offered are self-enforcing and renegotiation proof. Formally,

T/ ={iliel, o'=(s' o' c')eQ*(II°,U°) and x'€ X*(II°,U°)
when I1° and U ° satisfy the definition of a renegotiation

proof equilibrium}.

ASSUMPTION 6: Firms believe that, in period 1, worker I, |=1,..., L, will
accept the contract for job i that solves max,; ¢ ,Ul (x") and play strategy s'. Worker
[ believes that, if in period 1 he or she accepts contract &' for job i € 1/, then the
firm with job i will play o',

COROLLARY 1: Under Assumptions 1, 2, 4, 5, and 6, a market allocation
(x',...,xE) € XE can be implemented by a renegotiation proof equilibrium if and
only if E=min{N, L}, x'€ X*(I1°,U°) for II° and U° as specified in Proposi-
tion 5, and

(@) for L>N+1: U(x")=0, i=1,..., N, and

(6.9)  IIL(x')=[y(p*)—v(p*)]/(1-8) (i=1,...,N);
(b) for N>L+1: I)(x)=0,i=1,...,L, and
(6.10) U (x')=[y(p*)—v(p*)]/(1-9) (i=1,...,L).

PROOF: The proof for the case L > N + 1 follows directly from the fact that,
under Assumption 6, the firm with job i will offer a self-enforcing contract that
implements an x' that satisfies

x' € argmax { IT)(x)|x € X*(I1°, @) when I1° satisfies (6.4), all  } .

But then the firm receives all the output except what it has to pay the worker to
just compensate for the disutility of effort, giving the profit in (6.9). For
N > L + 1, a symmetric argument establishes that the worker gets all the output,
giving the lifetime utility in (6.10). Q.E.D.

This outcome is Walrasian in the sense that agents on the short side of the
market get all the potential surplus from trading, whereas agents on the long side
get only the reservation payoff of zero that they could achieve if they withdrew
from the market. Note that, from Proposition 3, these payoffs can be achieved by
a stationary allocation (and hence a constant positive wage in each period)
without the need for severance pay or bonding. Note also, however, that
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Assumption 6 is an assumption. We do not see that it follows necessarily from the
logic of rational strategic choice. Like the notion of renegotiation proofness, it
restricts the set of beliefs about the strategies other players will play and we know
from Aumann (1987) that any correlated equilibrium, and so certainly any Nash
equilibrium, is consistent with Bayesian rationality for some set of beliefs about
the strategies other players will adopt. Indeed, the kind of restriction imposed by
Assumption 6 in the case L > N + 1 would ensure that, in any two-player game
with multiple equilibria, if one player suggests playing a particular equilibrium,
then that equilibrium will be played.

Theorists in the efficiency wage tradition have argued that, in equilibrium in
models of this type, employed workers get strictly higher utility than unemployed
workers.* As Corollary 1 makes clear, however, this is not a necessary characteris-
tic of equilibria in this model and it is, therefore, incorrect to say that the
limitation on enforceable contracts that results from performance being unveri-
fiable by itself necessarily implies such an outcome. But there are beliefs different
from those in Assumption 6 that can result in an efficiency wage outcome.
Suppose agents on the long side of the market believe that, because they are in a
stationary environment, those on the short side believe they will always be able to
negotiate as good a contract in the future as they can in the present. Then no
punishment worse than the present contract is credible and a contract will be
self-enforcing only if it requires a punishment no more severe than the allocation
it implements. In a sense, this just takes one step further the reasoning behind the
definition of renegotiation proofness. Renegotiation proofness implies that, once
one contract has been terminated, other agents will agree to another contract
with either of the parties involved only if that contract requires a punishment no
more severe than the allocation it implements. The beliefs just described imply
that the same condition applies to contracts in period 1, before any cheating has
taken place. The initial allocations that are regarded as credible in period 1 are
then just those that would be regarded as credible if negotiated at a later date.
These beliefs are expressed formally as follows.

ASSUMPTION 7: Suppose in period 1 a contract with allocation x" is offered and
accepted for job i, i=1,..., E. If L> N + 1, workers believe that the firm with job
i believes T1°=TI,(x"), all t>2. For N> L+ 1, firms believe that the worker
accepting job i believes that U = U,(x"), all t > 2. If two or more contracts give the
same profit, the firm offers that giving the highest utility to the worker.

COROLLARY 2: Under Assumptions 1, 2, 4, 5, and 7, a market allocation
(x',...,xE) € XE can be implemented by a renegotiation proof equilibrium if and

4 Many efficiency wage models follow Malcomson (1981) and Shapiro and Stiglitz (1984) in
assuming that firms can monitor a worker’s effort only imperfectly. The role of imperfect monitoring
in many of those models, however, is merely to ensure that, when time is treated continuously, there is
a strictly positive probability of a delay between shirking taking place and the worker getting
dismissed as a result. Thus there is a positive probability of a worker receiving a wage for some time
after deciding to shirk. Treating hiring periods as discrete, as we do here, has the same effect.
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only if E=min{N, L}, x'€ X*(II°,U°) for I1° and U° as specified in Proposi-
tion 5, and (a) for L> N + 1:

(6.11)  II(x') = [y(p*) —v(p*)/8]/(1-9) (i=1,...,N),
(6.12)  Uy(x') =v(p*)/8 (i=1,...,N);3
(b) for N> L+1:

(6.13)  Ui(x')=[y(p*) —v(p*)/8]/(1-8) (i=1,...,L),
(6.18)  IT,(x') =v( p*) /8 (i=1,...,L).

Conditions (6.11) and (6.13) follow directly from applying Assumption 7 to
(6.4) and (6.5) of Proposition 5 respectively. They specify for the two cases the
payoffs to agents on the short side of the market, which are limited to the default
payoffs by the beliefs in Assumption 7. Thus, they receive no surplus over and
above their default payoff. Conditions (6.12) and (6.14) specify the payoffs to
agents on the long side. For N > L + 1 so that there are more jobs than workers,
(6.14) specifies that jobs with workers get the payoff v(p*)/8, which is the
maximum profit possible given the payoffs to workers in (6.13). This profit is just
the surplus given in (6.8). Since it is strictly positive and since jobs without
workers have zero profits, unfilled vacancies (of which, with more jobs than
workers, there must be some) are then necessarily involuntarily unfilled. For
L > N + 1 so that there are more workers than jobs, (6.12) specifies that workers
with jobs get lifetime utility v( p*)/8, which is the maximum possible given the
payoff to firms in (6.11). Again, this is just the surplus given in (6.8). Clearly, with
more workers than jobs, there has to be unemployment. But the lifetime utility of
workers with jobs is strictly positive, whereas that of workers without jobs is zero,
so the unemployment is involuntary.

* The part of Assumption 7 specifying that, if two or more contacts give the same profit, the firm
offers that giving the highest utility to the worker, is important for the uniqueness of the lifetime
utility in (6.12) but not for any other aspect of Corollary 2. Without it, the lifetime utility in (6.12)
could be anywhere in the interval [0, v( p*)/8] and need not be the same in every job. The reason is
that, as we have specified the rules of the market game, it is the firm that offers the contract and it can
offer one that reduces the surplus without affecting its profit by offering an allocation with p, < p*
and paying a wage that is lower by precisely the same amount as revenue is reduced. This reduces
utility but still leaves the contract self-enforcing because that requires the appropriate surplus only
from period 2 on. With L > N + 1, some worker will accept such a contract as long as it gives at least
as much utility as unemployment, so the firm need offer no more than zero. A dominance argument is
not sufficient to ensure that the firm offers a contract yielding U;(x') = v( p*)/8 because that requires
it to commit itself to paying a higher wage if the worker were to adopt the nonequilibrium strategy of
setting p, = 0. Thus any utility level between 0 and v( p*)/8 can be an equilibrium. This nonunique-
ness is not, however, robust to changes in the specification of the rules of the market game. If we had
specified that workers offered the contracts instead of firms, the resulting market equilibrium would
still have the level of profit specified in (6.11) but the workers would choose those contracts that
maximized their utility for this level of profit. Then only the utility level U(x') =uv(p*)/8, all i,
would be an equilibrium. We do not, therefore, attach much significance to the other possible
equilibria.
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7. CONCLUSION

The equilibrium in Corollary 2 when there are more workers than jobs is
essentially the efficiency wage unemployment equilibrium of Shapiro and Stiglitz
(1984)—performance is stationary through time and employed workers receive a
surplus from employment. This corollary, therefore, provides a theoretical foun-
dation for such an equilibrium. But modelling contracts in the general way we
have done here, rather than assuming that they take a particular form as Shapiro
and Stiglitz do, makes it clear that it is not the need for contracts to be
self-enforcing that prevents unemployed workers undercutting employed workers
by offering to work under a contract that gives firms higher profits. That follows
from Propositions 4 and 5 and Corollary 1. Equally, extending contracts to allow
bonding, as suggested by Carmichael (1985), does not ensure that all unemploy-
ment is voluntary in equilibrium. Whether or not bonding is permitted makes no
difference to the set of equilibria in the model, as Proposition 3 has shown. What
is crucial in determining whether or not involuntary unemployment occurs is the
nature of beliefs. With more jobs than workers, a characteristic feature of the
equilibria of Proposition 5 is that, for any contract giving profit greater than that
in Corollary 2, the default payoff required to sustain that contract is lower than
the profit it generates. If workers believe that, by accepting a contract with such
high profit in period 1, the firm will be led to believe that it can get a default
payoff of this amount in the future, then it is not rational for them to do so. That
is what Corollary 2 shows. Under other beliefs, as Corollary 1 has shown,
unemployment is not involuntary.

The unemployment of Corollary 2 is involuntary in the ex ante sense that
unemployed workers have expected lifetime utility strictly lower than those
currently being hired. Thus is different from the ex post sense familiar in contract
theory, in which all workers get the same expected lifetime utility in the initial
labor market but, because contracts offer only partial insurance against produc-
tivity shocks, those unlucky enough to be laid off have remaining lifetime utility
lower than those retained. Thus it provides a theory of involuntary unemploy-
ment rather than one of involuntary layoffs. But note that the equilibria are
symmetric. When there are more jobs than workers, firms have vacancies that are
involuntarily unfilled.

Assumptions 6 and 7 are not the only restrictions that one might impose on
beliefs to select from the equilibria of Proposition 5. We have studied these
because they focus attention on the kinds of restrictions that result in, respec-
tively, an outcome that is Walrasian in the sense that agents on the short side of
the market get all the surplus and an efficiency wage outcome of the type
analyzed in Shapiro and Stiglitz (1984). We would, however, emphasize that the
results of Proposition 4 reveal difficulties for the functioning of markets in which
performance is not verifiable beyond those raised by efficiency wage models. In
both the efficiency wage and the Walrasian outcomes derived above, either all
workers are employed or all jobs filled. But, as Proposition 4 makes clear, that is
not a necessary consequence of the model. It depends on agents believing that
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other agents will actually carry out some self-enforcing implicit contract. Without
that, trades that are potentially mutually beneficial may never take place. This
belief is implicit in the concept of renegotiation proofness we have used. But we
regard that concept as a statement of what might be reasonable under certain
circumstances, not as something inherent in the notion of rational strategic
choice.

The central message from this is that beliefs are crucial in determining the
equilibria in such markets. One cannot determine the outcome simply from the
technology and the utility functions of agents. Since the problem of verifying
performance seems to be widespread in labor markets (as indeed in other
markets), this conclusion has practical, as well as theoretical, significance. To
achieve a better understanding of these types of markets, it is crucial to investi-
gate the nature of the beliefs that are held by agents operating in them.
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