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The commitment value of contracts under
dynamic renegotiation

Paul Beaudry*
and

Michel Poitevin**

We examine why different renegotiation processes can lead to opposite results regarding
the commitment value of third-party contracts in the presence of asymmetric information.
Our main result is that a contract loses all strategic value if renegotiation is allowed
during the production stage rather than only before production begins. This result casts
serious doubt on the relevance of previous findings which emphasize how contracts can
have commitment value even in the presence of renegotiation. Our analysis can also be
used to understand the differences between many of the results in the renegotiation literature.

1. Introduction

®  Commitment plays a central role in many strategic situations. In multistage games,
players like to commit ex ante to ex post distortions in order to increase their power over
opponents. One way to precommit is through the use of a contract that changes a player’s
ex post incentives. There are numerous examples of this behavior in both the industrial
organization and finance literature, in which precommitting through the use of a contract
gives credibility to the ex post threat of being aggressive. (For example, see Aghion and
Bolton, 1987; Brander and Lewis, 1986; Brander and Poitevin, 1992; Fershtman and Judd,
1987; Sklivas, 1987.) However, the ability of contracts to act as precommitment devices
is often eliminated when such contracts can be renegotiated ex post, that is, once the rival
has decided on his action (Katz, 1991; Schelling, 1960).

Recently, Dewatripont (1988) and Caillaud, Jullien, and Picard (1990) have argued
that if contracts are signed in a situation involving asymmetric information, renegotiation
does not eliminate the ability of contracts to act as precommitment devices. The basic
intuition is that renegotiation cannot freely eliminate ex post distortions because the in-
centive-compatibility constraints remain important at the time of renegotiation. Therefore
a player may sign a contract with a third party with whom there is an informational prob-
lem and use the incentive constraints to precommit to ex post distortions, thereby gaining
a strategic advantage over his rival.
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The object of this article is to show that the commitment value of contracts depends
not only on the possibility of renegotiation, but also on the specific nature of the rene-
gotiation process. In particular, we examine the commitment value of contracts for both
the case in which renegotiation is allowed only before production begins, and the case in
which renegotiation is allowed during the production stage. Our main result is that, even
in the presence of asymmetric information, contracts cannot generally be used as precom-
mitment devices when renegotiation is allowed during the production stage.

The specific situation we consider is one in which a duopolist’s manager has the
opportunity to sign a contract with an agent (an employee or, equivalently, a union) in
order to gain a strategic advantage over his rival. The initial contract is offered to the
employee before production costs are privately revealed to the manager. A contract is
represented by a mechanism specifying a transfer to be paid to the employee contingent
on the output that the manager orders him to produce. If no renegotiation is possible, it
is obvious that such a contract can improve on the manager’s strategic position by requiring
the employee to overproduce. Moreover, if the manager can secretly offer to renegotiate
the contract before its implementation but after the state of nature has been revealed, we
show that the contract still allows the manager to gain a strategic advantage. This result
mirrors that found by Dewatripont (1988) and Caillaud, Jullien, and Picard (1990), except
that in our game it is the informed party who proposes the renegotiation. This result also
echoes Maskin and Tirole’s (1992) finding that renegotiation does not eliminate distortions
in an informed-principal relationship.

However, if the implementation of the output specified in the contract takes time, the
manager has the opportunity to renegotiate the contract while output is being produced.
We therefore examine in detail the case in which the manager can offer the employee new
contracts during the production stage. We show that, when renegotiation can occur while
output is being produced, the manager cannot use the contract to gain a strategic advantage
over his rival. Any attempt to use the contract to precommit to a large output would be
renegotiated away during the production stage. This renegotiation is actually anticipated
by the rival firm, and therefore the contract has no precommitment value.

The stark difference between the two results highlights the importance of determining
when renegotiation is likely to occur before assessing whether contracts can have com-
mitment value. The discrepancy arises mainly because the decision to accept renegotiation
depends on the specificity of the alternative imposed if renegotiation is refused. Rene-
gotiation allows parties to attain a Pareto-improving outcome, and when it is allowed only
before the contract is implemented, it is easy to write a contract in such a way that many
different outcomes can follow a refused renegotiation proposal. For example, when a con-
tract specifies a whole menu of future choices, renegotiation can be refused because the
parties do not agree on which outcome will arise under the status quo contract. In other
words, the parties cannot agree on what constitutes a Pareto-improving contract. However,
as time elapses, many choices may disappear, . making the likely outcome under the status
quo contract more precise and therefore making it much easier for parties to agree on what
constitutes a Pareto-improving renegotiation. In this article, the fact that production takes
time and that renegotiation is allowed during the production stage forces the set of alter-
natives to shrink over time. The knowledge that renegotiation is inevitable at future stages
causes the whole renegotiation game to unravel in such a way that no distortions can be
upheld in equilibrium. Thus, recognizing that the execution of contracts often has a dy-
namic aspect, and that this leaves the door open for renegotiation on increasingly precise
alternatives, implies that contracts are unlikely to have an important commitment value.

The article is structured as follows. In Section 2, we present the duopolistic envi-
ronment considered. In Section 3, we analyze the equilibrium outcomes for a base case
in which renegotiation is allowed only before production. In Section 4, which is the main
section of the article, we examine the precommitment value of the contract when renegotiation
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is allowed during the contract’s implementation stage. Section 5 relates our results to the
more general literature on renegotiation. Section 6 concludes. All proofs are found in the
Appendix.

2. The model

B Two firms compete by setting quantities in a homogeneous-good duopoly. The market
inverse demand curve is given by P(q;, + g,), where g; is firm i’s output for i = 1, 2. We
assume that P’ < 0 and P” = 0. These two firms are run by owner-managers who are
maximizing profits. Firm 1 has access to a state-contingent technology denoted by ¢. The
state of this technology can take one of two values, either L or H. Technology H represents
a high-productivity technology (low cost), whereas technology L is a low-productivity one
(high cost). Firm 2 has access to a single technology. We assume that firm 1’s technology
eventually becomes known to the manager but not to other parties. The prior probability
that t = H is uo. Each firm’s technology can produce a maximum of Q units, where Q
is large enough that P(Q) < 0.

The manager of firm 1 offers a contract to an employee to undertake production. This
contract can serve two purposes. First, it determines the terms of employment for the
employee. Second, by giving appropriate incentives, the contract can potentially be used
by the manager of firm 1 as a precommitment device to gain a strategic advantage over
firm 2. The manager of firm 1 takes both of these roles into account when designing the
contract.

An employment contract is represented by a function )(-) that specifies the wage w
paid to the employee when ¢, units have been produced, that is, w = {)(g;). A contract
Q(-) belongs to the set A of all functions Q(+) such that Q : [0, Q] — R..' We purposely
do not invoke the revelation principle in our specification of the contract space because
in the presence of renegotiation it is not directly applicable.

After having signed the contract, both firms start producing. After the production
stage has taken place, all units are produced at cost C'(q;, ¢) for firm 1 and C*(g,) for
firm 2. The units are then marketed by both firms and the price is set according to P(g; + ¢»)
such that the market clears.

For a given outcome {g;, w, q,}, firm 1’s payoff function is given by
Ulg,, w, ¢2, ©) = P(q, + q2)q, — C'(q, t) — w and firm 2’s payoff function is given by
(g1, ¢2) = P(q1 + g2)¢, — C*(q,). We assume that C; > 0, C; > 0, because this im-
plies that there is a well-defined solution to firm i’s profit maximization for any ¢; = 0
and that the reaction functions are downward sloping in (q;, ¢,)-space.” Moreover, we
assume that Ci(q,, H) < Ci(g;, L) so that the high-productivity technology has a lower
marginal cost than the low-productivity one. Finally, we denote firm 1’s reservation value
by U(0).

The employee’s payoff is given by V(q;, w) = w — e(q,), where e(q,) represents the
employee’s nonmonetary cost of effort to produce g, units of the good. It is assumed that
e() =0, ¢ =0 and ¢’ = 0. The employee’s reservation value is denoted by V(0).

Within the context of this model, we want to address the question of whether firm 1
can use the public disclosure of its employment contract to gain a strategic advantage over
firm 2 even when secret renegotiations are allowed after the disclosure. We choose to
study the commitment value of contracts when it is the informed party (the manager) who
initiates all renegotiation proposals. We adopt this assumption for two reasons. First, by
allowing the informed player to offer the proposals, out-of-equilibrium offers can be met
by quite arbitrary beliefs. This is likely to favor the strategic role of contracts. Therefore,

' We could allow for more general contracts that include arbitrary messages from the manager to the
worker without changing the results of the article.
% These assumptions are standard in the industrial organization literature.
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by choosing this order of play we do not bias the game in favor of finding no strategic
role for contracts. Second, the literature on renegotiation has mainly examined cases in
which it is the uninformed party who proposes renegotiations. Hence, this article will also
permit us to identify the similarities and differences between these two approaches.

3. Equilibrium contracts with static renegotiation

®  In this section, we examine a base case for which the contract offered by firm 1 is
publicly disclosed, but where the manager cannot commit not to secretly renegotiate the
contract ex post. In particular, we assume that the manager can propose a renegotiation
to the employee only after he has learned the state of technology but before the production
stage starts. The manager therefore has only one opportunity to renegotiate the contract,
and we refer to this type of renegotiation as static. This type of renegotiation is similar
to that adopted by Dewatripont (1988) and Caillaud, Jullien, and Picard (1990), with the
exception that they examined the case in which it is the uninformed agent who makes the
renegotiation proposals. We shall show that their results on the commitment value of con-
tracts also hold when the informed agent offers the renegotiation. The sequence of moves
with ex ante (static) renegotiation is as follows:

1) The manager of firm 1 offers a contract {)(q;) € M to the employee. The employee
either accepts or rejects the contract. If he rejects the contract, the game ends and
both firm 1 and the employee receive their reservation value. If he accepts the contract,
he is hired. The contract is disclosed to firm 2.

2) Nature reveals the type of technology (or costs) to the manager of firm 1.

3) Firm 2 decides on its production level g,, and simultaneously firm 1 can propose a
renegotiation {}(g,) to the employee. If the employee accepts the proposed renegotia-
tion, it replaces the old contract, which becomes obsolete. If the proposal is rejected,
the old contract remains in force.

4) The production stage then starts in each firm. The manager of firm 1 orders the
employee to produce a certain level of output. Neither firm can observe its rival’s
production.

5) At the end of the production stage, both firms market their units at price P(q, + g,).
Profits are realized and the wage payment specified in the contract is paid.

The strategy of firm 1 consists in offering a contract {}(q,) at stage 1 and a contract
€Q(q,) at stage 3, and ordering a production level g, at stage 4. The employee must accept
or reject the two contract offers. His beliefs are revised following the renegotiation pro-
posal. Firm 2 makes its production decision in stage 3 conditional on the initial contract
offer and its expectation of the resolution of the game.

We use the concept of perfect Bayesian equilibrium (PBE) to solve this game. In a
PBE, strategies must be consistent given a specified set of beliefs, and beliefs must be
updated with Bayes’ rule whenever possible.’ An outcome of the game can be represented
by the tuple {q;, W, qu, Wr, g2}, Where g, and w, represent respectively the output pro-
duced and the wage paid by firm 1 when its technology is ¢.* We now examine the perfect
Bayesian equilibrium outcomes of this game.

* See Fudenberg and Tirole (1991) for a precise definition of perfect Bayesian equilibrium.
* The interpretation of ¢, is that the outstanding contract leads the manager of type ¢ to stop production
after ¢, units have been produced.
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Proposition 1. There exists a PBE outcome of the ex ante (static) renegotiation game which
satisfies the following conditions:

s s s s S —
{qLa Wi, qH’ Wy, ‘Iz} -

Ill,lai,( /'LOU(qﬂa WH7 q27 H) + (1 - /‘LO)U(qL7 Wi, CI2, L) )
ZH:wH’,
q2
_ subject to

@U@ =Uqy, wy, qp, 1) fore,t' = L, H;
(b) uoV(qu, we) + (1 — o) V(gqr, w) = V(0);

(©) g, = argmax Rom™ (g, @) + (1 = po)m(qy, 9);

(d) {qu qu> WL WH} =

arg < ’ ’ ’ ’ A r
nL'lai moU(qus Wi, g2, H) + (1 — po) U(qL, wi, g2, L)
Z’H:W'H
subject to
arg < . , , >

D) V(qu, wu) = V(qu, wn)
(i) V(gL, wi) = V(qL, wL)
(111) U(q;,’ Wiy q2, L) = U(q;'h w;-l’ q2, L)

\ L (IV) U(qIH’ w;’-la e H) = U(qi’ Wia q2, H)

where U’(9) = U(q;, wi, ¢, ?) is type t’s equilibrium payoff.

Proposition 1 characterizes the equilibrium outcome that confers the maximum ex-
pected payoff to firm 1 within the set of PBE outcomes. This equilibrium outcome is
characterized by the solution to the maximization problem. Constraint (a) represents stan-
dard incentive-compatibility constraints that the outcome must satisfy, constraint (b) is the
employee’s participation constraint, constraint (c) specifies firm 2’s optimal response, and
constraint (d) represents the restrictions imposed by the renegotiation process. The optimal
contract from the point of view of firm 1 is the contract that induces an outcome that
maximizes its expected utility conditional on satisfying the four constraints.

It is important to note that constraint (d) is not binding at the optimum but is never-
theless included in the maximization problem to explicitly illustrate the effects of rene-
gotiation on out-of-equilibrium initial contract offers. To understand constraint (d), consider
an initial contract that leads to the outcome {q,, w,, qy, wy} if not renegotiated, and a
renegotiation proposal that leads to a different outcome {g;, wj, q;, wj} if accepted. Such
a proposal would always be accepted by the employee when the outcome
{q1, wi, qi;, wi} satisfies constraints (i) and (ii), because in these circumstances the em-
ployee can never lose, regardless of his beliefs. Constraints (iii) and (iv) represent standard
incentive-compatibility constraints that must be satisfied for the proposed outcome to ac-
tually be implemented. Such an outcome {gq;, w;, gi;, wi} must not exist for the initial
contract to survive renegotiation and be implemented. Furthermore, by an appropriate
choice of out-of-equilibrium beliefs (which we discuss below), this condition is also suf-
ficient for a contract to be robust to renegotiation. This explains why constraint (d) cap-
tures the effect of renegotiation.
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It is also important to note that the outcome described in Proposition 1 is not the
unique equilibrium outcome of the game because, in general, there are several different
equilibrium outcomes that can arise after the renegotiation of a specific initial contract
offer. However, the outcome described in Proposition 1 is the unique equilibrium outcome
that survives Cho and Kreps’ (1987) intuitive criterion. This fact is not proven here be-
cause it is essentially a corollary of Proposition 7 in Maskin and Tirole (1992). In effect,
Maskin and Tirole analyze a static renegotiation process identical to ours and show that
any initial contract supporting an outcome satisfying constraint (d) remains the unique
equilibrium contract following the application of the intuitive criterion to the renegotiation
stage. Therefore, it is clear that the outcome in Proposition 1 is the unique outcome that
survives the intuitive criterion, because the criterion forces a nonrenegotiated outcome
after the principal initially offers the menu {{q;, wi}, {g}, wi}}.

The equilibrium outcome {g;, Wi, gu, W, ¢5} has the property that when the state of
technology is L, firm 1 produces at a level that is an optimal response given firm 2’s
output; that is, there is no overproduction when the state is L. However, in state H, firm
1 overproduces relative to its optimal response to firm 2’s output. It is this overproduction
that gives firm 1 its strategic advantage. State H’s distortion in production is not rene-
gotiated away at the renegotiation stage because type L’s incentive-compatibility constraint
is strictly binding. Any Pareto-improving renegotiation for type H violates type L’s in-
centive constraint and is therefore rejected by the employee in the belief that it was offered
by a type-L manager.’ Note that renegotiation is proposed before the worker actually knows
the quantity that would actually be produced if renegotiation were rejected. For this reason,
the incentive-compatibility constraint plays an important role at the renegotiation stage.

One equilibrium play of the game is as follows. At stage 1, a contract ()°(q,) is offered
and is accepted by the employee. This contract specifies wy; = (qy), wi = Q'(q1), and
a very high wage for all other levels of production. In the renegotiation stage, the manager
reoffers the same contract, which is rejected, and firm 2 chooses the level of output that
is its best response to firm 1’s production (constraint (c)). In stage 4, the manager of type
t orders the output level g;. By constraint (a), it is incentive compatible for the manager
of firm ¢ to order the production level g; because the wage specified by °(q,) is very
high for every level of production other than g;. Out of equilibrium, a renegotiation that
satisfies conditions (i)—(iv) is believed to be offered by either type (prior beliefs) and is
accepted; any offer that decreases the employee’s payoff on type #’s outcome is believed
to come from type ¢ and is therefore rejected.

The importance of studying this equilibrium is that it demonstrates how firm 1 can
use a contract to precommit to a high output. It is obvious that, even with renegotiation,
the contract {)°(g;) has commitment value compared to the case in which the contract is
not disclosed to firm 2. This can be illustrated by the following argument. Suppose that
the initial contract was not publicly disclosed and that it sustained overproduction to induce
firm 2 to reduce its output. If firm 2 effectively reduces its output below its expected
Cournot level, firm 1 can increase its expected profit by offering an ex post efficient
contract because the deviation to this new contract would be undetected by firm 2. Firm
2 should then rationally anticipate such deviation by firm 1 and consequently the initial
contract cannot induce it by reducing its output. In this case, firm 1 produces at its ex
post conditional Cournot output level, which we denote g;, and firm 2 produces its best
response to the pair {g, g}, which is its Cournot output level and denoted g5. Therefore,
if the initial contract is not observable (or disclosed) to firm 2, it cannot have any strategic
value.

Throughout the article, we shall repeatedly make use of the Cournot mapping that
defines ¢; as a function of g,. This mapping is given by the level of production that

® This explains why there is no overproduction in type L’s production level: it can always be renegotiated
away without violating type H’s incentive-compatibility constraint.
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maximizes U(q,, wi, q,, ©) with respect to g; and w; subject to V(gq,, w;) = V(0). It is
clear that ¢g; depends on g, but that it is independent of V(0).

Corollary 1 states that contracts have commitment value in the static-renegotiation
game, where U = uoU (gz, w°, g5, H) + (1 — uo)U(gz, w°, ¢5, L) is firm 1’s expected
payoff when the contract is not observable, and U* = u,U(H) + (1 — uo)U*(L) is firm
1’s expected equilibrium payoff when the contract is observable.

Corollary 1. The equilibrium contract {}'(g;) has commitment value, that is, U° < U"*.

A result similar to Corollary 1 was derived in models in which the uninformed agent
makes the renegotiation proposals. Dewatripont (1988) and Caillaud, Jullien, and Picard
(1990) have shown that, even in the presence of renegotiation, incentive constraints are
such that a party can use a constraint to precommit. Incentive constraints play a similar
role in our equilibrium outcome even though renegotiations are proposed by the informed
agent. Therefore, with renegotiation occurring before the production stage, contracts can
have a commitment value regardless of which party proposes renegotiation.

4. Equilibrium contracts with a dynamic renegotiation process

® In this section, we argue that the specification of the renegotiation process is important
in assessing the strategic value of contracts. One criticism of the literature that finds a
strategic value for contracts is that secret (undisclosed to firm 2) renegotiation could arise
after the initial contract offer, but before the state of technology becomes known to the
manager, and that such renegotiation would remove all strategic value of the contract.
There are at least two objections to this criticism. First, Caillaud, Jullien, and Picard
(1990) have shown that this criticism is unfounded when the contract has the additional
purpose of solving an agency problem. Second, such secret renegotiation may not always
be feasible; for example, the true game may be one in which the agent is hired after the
state of technology becomes known to the manager. Therefore, to fully understand the
potential commitment value of contracts, it is useful to study the situation in which re-
negotiations are allowed only after the state of technology has become known. If we can
show that a more general renegotiation process eliminates all strategic value of contracts,
a much stronger point can be made against suggesting that asymmetric information confers
strategic value to contracts even in the presence of renegotiation.

When production takes place over time, it seems unreasonable to assume that parties
can commit to not renegotiate during the production stage. In this section therefore, we
allow renegotiation to occur while production is being undertaken. We qualify this type
of renegotiation as dynamic. We assume that during the production stage a total of Q units
can be produced and we consider the production stage to be divided into » > 0 subperiods.
Therefore, in each subperiod a level of output equal to Q/n is produced. We shall be
examining the property of the set of equilibria as n becomes arbitrarily large.

At the beginning of a subperiod, the manager can decide whether production should
continue under the existing contract, and he can propose a contract renegotiation to the
worker. A renegotiation proposal ()(g,) specifies wage payments conditional on all re-
maining possible levels of output. If the proposed renegotiation is refused, the terms of
the relationship are determined by the last contract agreed upon, and the employer’s de-
cision regarding current production is implemented. If the renegotiation is accepted, the
new contract replaces the old one, and the current production decision is given by this
new contract.

The game has the following sequence of moves, where J1; is the set of functions that
specify a wage contingent on all output levels of at least (j — 1)Q/n (with M, = M), and
where jQ/n is the produced output after j subperiods of production.®

¢ The sequencing of moves has been chosen so that under symmetric information, ex post inefficiencies
cannot be supported in equilibrium and therefore any distortion that may arise in this scenario necessarily results
from the informational asymmetry. In order words, the game has been set in such a way that indifferences and
multiple equilibria cannot be used to support distortions as in Fernandez and Glazer (1991).
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1) The manager of firm 1 offers a contract (y(g,) € M to the employee. The employee
either accepts or rejects the contract. If he rejects the contract, the game ends and
both firm 1 and the employee receive their reservation value. If the employee accepts
the contract, he is hired. The contract is disclosed to firm 2.

2) Nature reveals the type of technology (or costs) to the manager of firm 1.

3) Firm 2 decides on its production level g,, and the production stage starts in firm 1. In

each subperiod j = 1, ... , n, we have the following sequence of moves.

Jj.1) First, the manager must decide whether to produce in subperiod j under the
existing contract, and whether to propose a renegotiation ,(g,) € M.

Jj-2) If the employee refuses the renegotiation, the previously agreed upon contract
is in force and production continues according to the decision made in j.1. If
the employee accepts the proposed renegotiation {}(q,), it becomes the out-
standing contract, and the manager can decide whether to produce according
to the new contract.

4) At the end of the production stage, firms market their units at price P(q, + ¢,). Profits
are realized and the wage payment specified in the contract is paid.

The strategies of the players are more complicated in this dynamic-renegotiation case
than they were in the previous case and it is worthwhile to describe them more formally.

For j =1, ..., n, define by ¥; the complete past history of the game that arises
before the jth subperiod, and denote by 9 the history of the game that includes both %
and the decisions made by the employer at the beginning of the jth subperiod. Define
%, = 0 and ¥; = {Qo}. Note that these histories contain all past contract proposals by
the manager and past acceptance or rejection decisions of the employee.

A strategy (), for firm 1’s manager with private information ¢ is a sequence of func-
tions Q, = {Qo, Ly, 24, ... , Qy, 24 for j =0, ..., n, such that Q, maps from ¥, into
M, Q,; maps from ¥; U {z} into M; X {0, 1}, and z; maps from ¥}, U {r} into {0, 1},
where 0 means “stop production,” and 1 means “continue production.”” The decision
about whether to continue production under the existing contract is included in ,;, and
the decision of whether to pursue production under the renegotiated contract is given by
Z,j.

A strategy o for the employee is a sequence of functions o = {0y, ..., o} for
j =0, ..., nsuch that o; maps %, into {0, 1}, where 0 means “reject” the renegotiation
proposal and 1 means “accept” it. The employee’s beliefs is a sequence of functions
= {to, ... , m;} such that u; maps % into [0, 1]. The beliefs u; represent the employ-

ee’s subjective probability that the manager is of type H.

Firm 2’s history is restricted to the initial contract proposal and acceptance decision,
and is denoted . A strategy for firm 2 is a function A which maps ¥? into an output
decision g, € R,.

Given these strategies and beliefs, a perfect Bayesian equilibrium for this game is
defined as a tuple (€, Qy, 0, 1, A) such that strategies are sequentially rational given
beliefs, and beliefs satisfy Bayes’ rule when applicable.

We now characterize the PBE outcomes of this dynamic-renegotiation game. Viewing
renegotiation offers as the result of communication between the manager and the em-
ployee, we are interested in characterizing equilibrium outcomes in the limit when this
communication is almost costless. When there are few subperiods, communication does
not occur often and firms can commit to producing many units between rounds of

’ Note that ), is not contingent on the type, because it represents the initial contract offer that is made
before the manager learns his type.
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renegotiation. Our results are derived in terms of when communication can arise arbitrarily
often; that is, when the number of subperiods grows, leaving constant the total output that
can be produced. Our first result states that, as the manager can renegotiate more and
more often, the implemented outputs g¢ are not significantly larger than the ex post ef-
ficient levels ¢.

Lemma 1. For all € > 0, 3 n%e) such that for n = n(e), firm ¢’s output is ¢ < ¢ + €
fort =1L, H.

Lemma 1 states that no substantial overproduction can subsist with a dynamic-rene-
gotiation process. This is the most important result of the article, and the following dis-
cussion conveys the main ideas behind the proof. In order to understand the result, it is
easiest to suppose that overproduction does arise and then show why it would always be
renegotiated away. In this discussion, we denote a candidate equilibrium outcome by
{éHa WH’ qu WL’ Q2}

Let us first suppose that along the equilibrium path ¢, > ¢j;, that is, there is over-
production in the high-productivity state. Let us also suppose that the required output
Gn = kQ/n, that is, g is produced by the end of the kth subperiod with the manager
ordering production to stop at the beginning of subperiod & + 1. The wage paid in this
case is assumed to be determined by the contract prevalent at the beginning of the kth
period (the case in which this assumption does not hold is treated in the Appendix). If
the periods are small enough, there always exists an outcome {g, w}, with § = ¢4y — Q/n,
which could improve on both the firm’s and the employee’s equilibrium payoffs regardless
of the employee’s beliefs. Such a Pareto improvement exists because §, involves over-
production. The manager can make it credible that {g, w} will be implemented following
an accepted renegotiation by proposing a contract at the beginning of subperiod & that
specifies: (1) wage w if production is stopped now, and (2) a very high wage if production
is continued into the future. Although this Pareto improvement looks attractive to the
employee, he might still refuse this renegotiation proposal if he thought that the outcome
following a rejection would be much better for him than the outcome {g;, Wy} (Which is
the outcome that would have arisen in the absence of renegotiation). However, in any
subgame that gives the employee an outcome preferable to {G,, Wy}, the firm necessarily
gets less than U (§y, Wy, ¢,, H). This is because at {gy;, Wy} there are no gains from fur-
ther production regardless of the type of technology. Hence, refusing the renegotiation
cannot lead to an outcome in which the firm is worse off than U (§y, Wy, §», H), because
the firm can always assure itself of the payoff associated with {g,, Wy} by stopping pro-
duction immediately after a refused renegotiation. Consequently, the renegotiation pro-
posal is necessarily accepted, which upsets the original equilibrium and demonstrates that
no significant overproduction can take place. Hence, gy cannot be significantly greater
than gy as n becomes large.

The previous argument also applies for the case in which ¢, > gy, but does not di-
rectly apply to the case in which g; < §; < gj. In this latter case, the worker could believe
that the refusal of a renegotiation may lead to a better outcome for him than would {g,, W,},
because at §, < gy there are still gains from further production if the manager turns out
to be of type H. Nevertheless, the type-L manager can always construct a renegotiation
proposal that the worker will want to accept (this renegotiation proposal actually signals
his type). There are two crucial elements to this renegotiation proposal. The first is simply
the specification of a wage contingent on production stopping during this period. This
wage needs to be set to create a Pareto improvement over {g,, W,} contingent on the tech-
nology being of type L. The second element corresponds to the wage associated with
production g, that is, Q(g5). This wage must be set so that

U(QL - Q/n’ Q(qL - Q/n)’ éz, H) < U(qu, Q(qtl‘-l)a 427 H) < U(QL, WL, éz, H)
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For all other levels of production the wage can be set very high. The first inequality is
an incentive constraint for the type-H manager to ensure that he prefers the outcome
{g5:> Q(g5)} to the outcome {g, — Q/n, Q(g, — Q/n)}. The second inequality implies that
the employee gets higher utility under the renegotiation offer than he would under the
equilibrium contract if the manager is of type H. Therefore the worker will be ready to
accept this contract because, regardless of his beliefs about the type of manager offering
it, he is strictly better off than he would be in the equilibrium play of any subgame. For
example, if the employee were to believe that this proposal was offered by a manager
with technology H, he would want to accept it because it would guarantee him a payoff
larger than any payoff he could possibly achieve in any subgame equilibrium that would
follow a refusal. Although Lemma 1 does not cover the case of underproduction, similar
arguments lead to the implication that underproduction would also be renegotiated away.

In the following proposition we construct equilibrium strategies and beliefs, and give
firm 1’s equilibrium payoff. Even though the equilibrium outcome is not unique, we spec-
ify bounds on the expected payoff that firm 1 can earn in any equilibrium.® Let us define
U? as firm 1’s expected equilibrium payoff when dynamic renegotiation is possible, that
is, U? = uwoUH) + (1 — po)UL), where U“(p) is type t’s equilibrium payoff.

Proposition 2. For alle > 0, 3 nd(e) such that forn = nd(e), firm 1’s expected equilibrium
payoff in the dynamic-renegotiation game is U € [U°, U + €].

Proposition 2 states that, under dynamic renegotiation, firm 1’s equilibrium payoff
cannot be substantially higher than it is in the case in which contracts are unobservable.
This is the direct consequence of Lemma 1, because overproduction was shown to be
renegotiated away in the production stage. Therefore, the best that firm 1 can hope to do
in the initial stage is to offer a contract specifying ex post efficient output levels (in the
limit). This contract is accepted and not renegotiated at any time before or during the
production stage. Any attempt to offer a contract that would induce g, > g7 in the absence
of renegotiation would not be credible. Firm 2 would expect any such contract to be
renegotiated to g; and therefore would produce accordingly. Consequently the contract has
no commitment value.

When the renegotiation process is almost frictionless, firm 1 is virtually indifferent
between disclosing or not the employment contract to firm 2. This contrasts sharply with
Proposition 1 and the results of Dewatripont (1988) and Caillaud, Jullien, and Picard (1990).
The difference arises because of the renegotiation process being assumed. When rene-
gotiation can occur during the implementation phase of the contract, the set of alternatives
that can be reached though renegotiation is reduced as production takes place over time;
that is, once a given output has been produced, one cannot renegotiate to an outcome with
less production. This form of commitment implies that overproduction will always be
renegotiated away despite binding ex ante incentive-compatibility constraints. For exam-
ple, once sufficient output has been produced, the ex ante incentive constraint becomes
irrelevant because it involves choices over output levels that cannot be reached anymore.
This changes the set of renegotiation proposals that will be accepted at a given point, and
hence allows the manager to eliminate overproduction. This discussion implies that, with
dynamic renegotiation, the role played by incentive-compatibility constraints is very dif-
ferent than it would be with static renegotiation. For example, when production has reached
¢4, there are really no more relevant incentive constraints, and therefore overproduction
cannot be sustained.

® The nonuniqueness arises because there are many different wage distributions between the two states
consistent with the employee’s individual-rationality constraint and the firm’s incentive-compatibility con-
straints. However, in all of these equilibrium outcomes, outputs are ex post efficient and the expected wage is
constant. Therefore, firm 1 has the same expected payoff.
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This argument shows that ex post commitment can reduce the value of ex ante com-
mitment. This effect takes place through the role played by incentive-compatibility con-
straints at different stages of the game. If firm 1 cannot commit to a production level
before renegotiating, incentive-compatibility constraints play a strong role and renegotia-
tion has no bite. However, if firm 1 can commit ex post to a certain production level
before renegotiating, incentive-compatibility constraints play a much weaker role and re-
negotiation can have an effect. In this case firm 1 cannot commit to some production
distortions and the contract therefore has no commitment value. This shows that ex post
commitment can conflict with ex ante objectives and can actually reduce the value of ex
ante commitment to a contract.

5. General remarks

B The contracting literature has arrived at very different results about the implications
of renegotiation. On the one hand, models of renegotiation in which the informed party
makes the offers have often found that renegotiation does not change the predictions re-
lated to non-renegotiation models. For example, Nosal (1991) examines the case of hidden
information and Maskin and Tirole (1992) examine the case of adverse selection and both
articles find that allowing renegotiations initiated by the informed party does not affect
equilibrium allocations. On the other hand, the articles by Dewatripont (1989) (hidden
information), Laffont and Tirole (1990) and Hart and Tirole (1988) (adverse selection) all
find that allowing for renegotiation significantly changes equilibrium allocations, and gen-
erally reduces the degree of ex post distortions. In all of these articles, however, it is the
uninformed party who proposes the renegotiation. Therefore, the effects of renegotiation
on contractual outcomes appear to depend on which player proposes the renegotiations.
If correct, this is obviously a disheartening result.’

The current article suggests that focusing on who proposes renegotiations may be a
misguided way of regrouping results. In particular, we believe that it'is more enlightening
to classify the results found in the literature according to whether renegotiation is allowed
only once before actions are taken, or whether it is allowed while actions are being taken.
Once this distinction is recognized, a more interesting pattern of predictions seems to
emerge. For example, in the previously mentioned literature, all of the models in which
it is the uninformed party who proposes the renegotiations are also models in which re-
negotiation occurs as actions are being undertaken. The models in which it is the informed
party who proposes the renegotiations are all cases in which renegotiation is allowed only
before actions are taken. Therefore, the literature tends to indicate that results in which
renegotiation has no effect on equilibrium outcomes may be the consequence of the as-
sumption that all renegotiation proposals arise before any actions are undertaken. Our
results confirm this interpretation, because renegotiation was shown to have drastically
different implications depending on which renegotiation process was chosen, even though
it was the informed party who was always assumed to offer the renegotiations.

To better understand why timing is probably the central element in renegotiation, first
consider the trivial case in which a monopolist in a situation of adverse selection signs a
contract with an agent and tries to renegotiate the contract before any actions are taken.
It is obvious that allowing the monopolist to renegotiate his contract offer (which may
comprise a menu of allocations) once it has been accepted by the agent does not have any
effect on equilibrium allocations because no information has been revealed. In the case
in which it is the monopolist who is informed (as in Maskin and Tirole (1992)), the reason
why renegotiation is ineffective is less obvious because the original contract may in fact
signal some information. However, by Myerson’s (1983) inscrutable principle, we know

° The literature on moral hazard has come to a similar conclusion. See Ma (1994) for a discussion.
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that an informed principal can generally propose an initial contract that does not reveal
any information.'® Therefore, even when it is the informed party who offers the initial
contract, there is no reason for information to be revealed, and thus allowing an immediate
renegotiation has no effect. In contrast, when renegotiation is allowed after some actions
are undertaken (even if this only means that a particular outcome has been selected from
a menu), there is always some element that has changed relative to the initial position and
therefore there is scope for renegotiation.'' This is why renegotiation in a dynamic setting
almost always involves changes in the equilibrium allocations. Moreover, this change is
usually in the direction of reducing ex post distortions.

It is also of potential interest to relate the results of this article to that of Noldeke
and van Damme (1990) who study a “dynamic” version of Spence’s (1973) education
model. In Noldeke and van Damme, an informed worker is offered employment contracts
after different amounts of education have been undertaken. Their model is close in spirit
to ours because contract offers occur during the time that investment in education arises.
Noldeke and van Damme show that the unique equilibrium outcome that satisfies the never-
a-weak—best-response criterion is the standard separating equilibrium. In fact, this result
shows that allowing these multiple rounds of contract offers does not contribute to the
reduction of ex post distortions. This result is in sharp contrast with our result on dynamic
renegotiation. There is, however, one major difference between the two models that ac-
counts for these results. In Noldeke and van Damme no explicit contract is initially signed
between the informed and uninformed agents. This allows for more severe punishments
of out-of-equilibrium offers, which in turn allows for an ex ante better outcome to be
sustained. When an explicit agreement is signed ex ante, any party can always at least
enforce it if a deviation occurs. This is what gives force to renegotiation as opposed to
multiple rounds of contract offers.

6. Conclusion

®  This article studies the commitment value of contracts when renegotiation is possible.
Contrary to results obtained in the literature, we show that contracts cannot generally be
used by a strategic party to commit. This difference between our result and the ones found
in the literature arises from the modelling of the renegotiation process. When the rene-
gotiation process is given a dynamic dimension, we show that ex post distortions are
greatly reduced and hence cannot be used for commitment purposes.

More generally, our result may be interpreted as highlighting the different implica-
tions of allowing for a dynamic renegotiation process, as opposed to only a static process,
before any actions are actually carried out.

Appendix
B Proofs of Propositions 1 and 2, Corollary 1, and Lemma 1, and Lemma 2 and its proof follow.

Proof of Proposition 1. We construct strategies and beliefs that support the outcome {g;, wi, gi, Wi, g5} as an
equilibrium outcome of the game. Define V* = max,V(g;, w}). Define also the wage V ~'(g,, V*) implicitly by
Vigi, V' (qi, V*)) = V°.

Firm 1. The manager initially offers ('(g,) such that w; = Q°(g)) and Q(q,) = V™ '(q, V*) for all
Q@ # g

' This fact is not exploited by Maskin and Tirole (1992), but referring to it gives a clearer intuition of .
the result than would a discussion of switches in the support of beliefs.

"' The simple fact of selecting an outcome within a menu is enough to create an incentive to renegotiate.
Beaudry and Poitevin (1993) examine the implications of allowing for renegotiation after status quo outcomes
have been determined but before any specific actions are taken. For the parameterization at hand, we find a
result comparable to that presented here.
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In the renegotiation stage, regardless of his type, the manager reoffers ()'(q,) if it was the initial contract
agreed upon. If the initial agreement is '(g,) different from Q°(g,), the two types of managers offer a contract
inducing an outcome equal to

(max woU(qus Wu, g3, H) + (1 = po) U(qr, Wi, g3, L) )
qL.wL,
qH .wH

arg < subject to >
@) V(qu, wa) = V(qu, wh)

(ii) V(qL, w.) = V(qL, wi)

(Giii) U(qr, wr, g2, t') = U(q,, w,, g3, t') fore,t' = L, H )

\

where g; is firm 2’s best response to {'(g,). At the production stage, the manager orders production at its most
preferred production level depending on the contract.

Employee. The employee accepts all initial contract offers that yield an expected value of at least V(0),
that is, any contract {}'(g,) such that ueV(gy, we) + (1 — ue)V(gr, w;) = V(0) where {g;, w/} is type ¢’s induced
outcome under the contract '(q,).

In the renegotiation stage, the employee accepts all contract offers inducing an outcome {g;, w., qu, Wx}
that satisfies

(i) V(qu» wi) = Vign, wn)
(ii) V(qe, wi) = V(qr, wi)
(iii) U(g,, wir g3, 1) = U(qy, We, @2, t') fort, ' = L, H,

where {q;, wi, gi, wi} is the outcome under the initial agreement. This strategy is supported by the following
beliefs. After the initial offer, the employee keeps his prior beliefs, uy, because the manager cannot signal
what he does not know. In the renegotiation stage, the employee keeps his prior beliefs if the renegotiation
offer satisfies conditions (i)—(iii). If V(gu, wu) < V(qu, wi), he believes that type H made that offer. In all
other cases, he believes the offer was made by type L.

Firm 2. Firm 2 produces g; as defined in the statement of the proposition.

It is easy to see that these strategies and beliefs constitute a PBE. Given the acceptance decisions of the
employee at the initial and renegotiation stages, and given firm 2’s output, firm 1 can do no better than offer
0°(q,), which solves its maximization problem over all accepted and possibly renegotiated contracts. If this
contract becomes the agreement, firm 1 cannot improve on its utility by renegotiating and therefore reoffers
the same contract regardless of its type. If the initial agreement is different from °(q,), firm 1 offers its most
preferred contract over the set of accepted renegotiations. Given the manager’s strategy and his own beliefs,
the employee cannot gain by rejecting the initial offer. In the renegotiation stage, the employee accepts only
incentive-compatible Pareto-improving renegotiations. This strategy is sequentially rational given his beliefs.
Along the equilibrium path, the employee’s beliefs satisfy Bayes’ rule. Finally, firm 2 maximizes its expected
profit given firm 1’s output. Q.E.D.

Proof of Corollary 1. This is the direct consequence of the fact that the maximization problem in Proposition
1 implies g» > g5. The proof is therefore omitted. Q.E.D.

Proof of Lemma 1. Because the proof is different for each type, we divide the proof into two stages.

(a) We first show that type H cannot significantly overproduce. Suppose that the game ends with an outstanding
contract denoted €(g,), which induces the outcome {gy, Wy, g,} for type H. Suppose that g, = kQ/n > g,
that is, type H overproduces in equilibrium and g is obtained by the end of subperiod k.

We first examine the case in which the contract Q(q,) is signed before subperiod k, that is, the contract
€(q)) is the outstanding contract at the beginning of subperiod k. If the number of subperiods is large enough,
there exists an outcome {gy — Q/n, wy} such that §, — Q/n > gf;, and such that this outcome is preferred
relative to the equilibrium outcome by both type H and the employee regardless of the employee’s beliefs.
Suppose that in subperiod k the manager states that production will continue under the existing contract and
proposes a renegotiated contract €(q\), which specifies wy = Q(dy — Q/n) and a very high wage for all other
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levels of production. If that contract is rejected by the employee, then production continues until subperiod
k + 1. In subperiod k + 1, because the manager overproduces at g, there is no offer that can make the manager
and the employee better off regardless of the employee’s beliefs. Hence, there is no subgame in which a
renegotiation would be accepted that the manager would be willing to offer. The manager would then stop
production at the beginning of subperiod k + 1. On the other hand, if the employee accepts {}(q,), he cannot
be made worse off than at {§, — Q/n, Wy} because he can always reject all future renegotiations. Therefore,
the employee should accept the contract offer (q,). This induces the manager to actually offer it, and therefore
upsets the equilibrium outcome {gy, Wx}.

Suppose now that the contract ﬂ(q.) is signed at the beginning of subperiod & or k + 1. In both cases,
for the contract Q(q,) to be offered and accepted, it must be the case that the previous contract Q(q,) induces
an outcome gy > gy for type H. Otherwise, it would not be individually rational for one of the parties to agree
to Q(q,). Therefore, the contract {(g,) induces an outcome {7y, Wy} for type H who stops production in sub-
period k' > k + 1 because gy > gy. By the previous argument we know that in subperiod &' — 1 the manager
can decide to continue production, and then offer a contract that improves on {)(g,) for both parties regardless
of beliefs. This offer could be such that it yields V(gy, wy) + v where v > 0 is arbitrarily small. The employee
would then accept the offer regardless of his beliefs. By backward induction, there exists a contract that the
manager can offer in subperiod k' — 2 that improves on the manager’s utility as well as on V(gy, wy) + v. If
this offer is rejected, the employee knows that he will accept a worse offer in subperiod &' — 1. He therefore
accepts it. The same argument applies to subperiod ¥’ — 3 and so forth until the manager can make an offer
that will be accepted and that he prefers to {g, Wy}, thus upsetting the equilibrium.

In conclusion, for any € > O such that ¢, > g5, + €, define nf(€) such that §; — Q/nji(€) > g5. In this
case the proof shows that the equilibrium can be upset by an appropriate offer. Hence, gf cannot be significantly
larger than gy, that is, type H cannot significantly overproduce.

(b) We now show that type L cannot significantly overproduce. Suppose that the game ends with the outstand-
ing contract being {(q,) and inducing the outcome {g;,, W;, g,} for type L. Suppose that §, = kQ/n > ¢, that
is, type L overproduces in equilibrium and the production level 4, is obtained by the end of subperiod k. Note
that §, < gy because type H cannot overproduce, and 4, < gy by standard incentive-compatibility constraints.
Hence type H would be underproducing at g, relative to his ex post efficient level.

We first examine the case in which the contract Q(q,) is signed before subperiod k, that is, the contract
Q(q)) is the outstanding contract at the beginning of subperiod k. If the number of subperiods is large enough,
there exists an outcome {g, — Q/n, w.} such that §, — Q/n > gf, and that would make both type L and the
employee better off relative to the equilibrium payoff if the employee believes the manager is of type L. Let
wy be defined so that the following inequality is satisfied:

UG- Q/n, Vo, G, H) < U(qy, Wu, Gos H) < UG, Wi, G2» H).

The first inequality states that type H prefers an ex post efficient outcome earning the wage wy, rather than type
L’s induced outcome. The second inequality ensures that type H prefers the outcome induced by the contract
ﬂ(q,) to the outcome {gj;, Wwy}. Suppose that in subperiod k the manager states that production will continue
under the existing contract, and offers an alternative contract O(q,) that specifies
wy = ﬁ(‘?l. - Q/n), wy = ()-(qil)

and a very high wage for all other levels of production. If that contract is rejected by the employee, then
production continues until subperiod & + 1. In subperiod k + 1, because type L overproduces at §,, there is
no offer that can make type L and the employee better off, hence there is no subgame in which a renegotiation
would be accepted that type L would be willing to offer. Type L then stops production at the beginning of
subperiod k + 1. As for type H, there is no subgame that induces an outcome worse than {gy, Wy} for the
employee or the manager because either can always enforce the contract €(g,). On the other hand, suppose
the employee accepts {}(g,). If the manager is of type L, he stops production in subperiod k. In that case the
employee would earn V(4. — Q/n, w;) > V(§,, w.). Therefore, the employee should accept the contract offer
O(q)) if he believes the manager is of type L. If the manager is of type H, the contract would lead to the
outcome {gf;, wy}. Therefore, if the employee believes that the manager is of type H, he should also accept
the contract because no future renegotiation can give the employee higher profits than V(gj;, wy), which would
be offered by type H. Hence, regardless of beliefs, the employee should always accept the contract {}(g,). This
induces type L to actually offer the contract Q(q,), and thus upsets the equilibrium outcome {§., W.}.

Suppose now that the contract Q(q)) is signed at the beginning of subperiod k or k + 1. In both cases,
for the contract Q(q.) to be offered and accepted, it must be the case that the previous contract {}(g,) induced
an outcome g, > ¢, for type L. Otherwise it would not be individually rational for one of the parties to agree
to Q(q,). Furthermore, type H must underproduce at g;, otherwise by the argument of part (a) of this proof,
both types could make offers that would be accepted and that would improve on their respective equilibrium
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utility. The contract Q(q,) induces an outcome {g;, w,} for type L who stops production in period k¥’ > k,
because g, > §,. By the argument above, we know that in subperiod k' — 1 the manager can decide to continue
production and then offer a contract that improves on {}(q,) for both parties regardless of beliefs. This offer
could be such that it yields V(g,, w,) + v where v > 0 is arbitrarily small for type L, and specifies a high
enough wage for all other output levels (as in the previous case). The employee would then accept the contract
regardless of his beliefs. By backward induction, there exists a contract that the manager can offer in subperiod
k' — 2 that improves on the manager’s utility as well as on that of the employee, regardless of his beliefs. If
this offer is rejected, the employee knows that he will accept a worse offer in subperiod £’ — 1. He therefore
accepts it. The same argument applies to subperiod k' — 3 and so forth until the manager can make an offer
that improves on {g,, W.} and that would be accepted by the employee, thus upsetting the equilibrium.

In conclusion, for any € > O such that §, > g + €, define nf(e) such that §, — Q/nf(e) > ¢;. In this
case the proof shows that the equilibrium can be upset by an appropriate offer. Hence, g cannot be significantly
larger than ¢;, that is, type L cannot significantly overproduce.

(c) In both parts of the proof we have specified a minimal number of subperiods for which an equilibrium with
overproduction by one type could be broken. By taking n‘(€) = max, ni(€) we satisfy the statement of the
proposition. Q.E.D.

The following lemma will be used in the proof of Proposition 2.

Lemma 2. Consider an outstanding contract Q(q,). Suppose j — 1 periods have passed and define as Q,-(q,) the
truncation of {(g,) for all subperiods & = j. Finally define V; min,_,,-, V(kQ/n, Q, (kQ/n)) with k; being the
largest k solving this problem. Then the employee cannot earn significantly more than V; on either type’s induced
outcome.

Proof of Lemma 2. (a) Suppose first that type ¢ overproduces at 12,-. A backward-induction argument similar to
the argument made in the proof of Lemma 1 shows that in subperiod 12,-, type ¢ can make a contractual offer
Q) that promises the employee more than V;, regardless of his beliefs, with the induced outcome arbitrarily
close to V;. Then, in the preceding subperiod, there exists an offer that improves on {} that will also be accepted
by the employee. This argument applies until subperiod j, when the manager can make an offer with the induced
outcome arbitrarily close to V, and that will be accepted by the employee. This implies that the employee cannot
earn significantly more than V,.

(b) Suppose now that type ¢ underproduces at k Then, in subperiod k,, the type-# manager can offer a contract
Q) inducing an outcome slightly better than V, for the employee with production expected to stop in the next
subperiod. Simultaneously, the manager offers to stop with the outstanding contract Q if the renegotiation is
refused. The employee then accepts the renegotiation knowing that he can always guarantee himself the payoff
induced by €. In the next subperiod, the manager can repeat this strategy until he produces at his ex post
efficient level, yielding a payoff just slightly higher than \7, for the employee. This implies that the employee
cannot earn significantly more than V,. Q.E.D.

Proof of Proposition 2. The statement of the proposition follows immediately from Lemma 1. No type can
significantly overproduce, and therefore the best the manager can do is to produce a number of units not
significantly larger than his ex post efficient level. This is expected by firm 2, which produces at g3, its Cournot
production level. Hence, in equilibrium firm 1 cannot earn significantly more than U°. Suppose the payoff
U* + € is obtained by optimally producing gf + €/(€). By taking n‘(e) = max, n? (€/(€)), as in the proof of
Lemma 1, then the manager cannot produce more than gf + €/(€), which implies that his payoff will be
U? < U* + €. Furthermore, his payoff cannot be less than U° because the manager can always offer a contract
that induces the ex post efficient production levels as outcomes. Therefore, if an equilibrium exists, and if
renegotiation can occur often enough, the manager cannot earn significantly more than the payoff that he would
earn if the contract was not observable. To complete the proof we need to show that an equilibrium does in
fact exist. We now make a slight abuse of notation and provide equilibrium strategies and beliefs for the limit
case when €/(e) = 0. It is clear that the proof extends to the case with €;/(e) > 0.

First define the following outcome: 0,(Q)) = {g% = k2 Q/n, wi{))}, where
{q% = KQ/n, w!(Q)} = arg { max UkQ/n, w, g3, t) subjectto V(kQ/n, w) = V,}.

j—1=k=n

Note that gj is independent of (), because it equals either type £’s ex post efficient production level (which
is itself independent of the wage level), or it equals (j — 1)Q/n. Construct the contract {(q,, €) that induces
the outcomes O, by Q(q,, O =v! (q1, V) Y q = (j— 1) Q/n, where V''(q,, V) is defined implicitly by
Vigi, V''(qu, V)) = V. The contract Q,( Q) represents the renegotiated contract that will be offered by the
manager in subperiod j when the outstanding contract is {). Finally define the contract {(g,) as subperiod ;s
offer.
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We now construct strategies and beliefs that support an equilibrium outcome which yields the highest
expected payoff to firm 1’s manager. Define the following contract:

Qq) =V7q, V(0) VO=¢q,=Q.

Q = Qd(‘h)
Forall j=1,...,n,
Q, =4 0. = 1106 9.0 if (- DQ/n<kiQ/n
Y {Q4q, ), 1} otherwise
_ 1 if(j = 1)Q/n<kiQ/n
L 2= 0 otherwise.
o, = 1 if eV (0r(Q)o) + (1 — o) V(OLi(Qy) = V(0)
° 0 otherwise
0=<Forallj=1, ., n,
1 if uoV(04,(Q))) + (1 — uo)V(0,,;(,))
;= { = ”'OV(@HJ'(Q)) +(1 - F-o)V(@Lj(O))
L 0 otherwise.
Mo for j =0
Forall j=1,...,n,
®=9
1 i) = Qg ) and (j - 1DQ/n> qi,
L M Mo otherwise.

A= g5 = argmax, pem (g, 9) + (1 = po) 7(qt1, 9).

These strategies and beliefs do constitute a PBE. Along the equilibrium path, the manager offers the
contract Q%gq,), which is accepted. He then repeats his offer until g% is reached, at which point he elects to
stop production. All repeated offers are trivially accepted. Firm 2 produces at its Cournot level g4. Beliefs
satisfy Bayes’ rule along the equilibrium path. The initial offer is believed to come from either type. As long
as the initial offer is reoffered and type L’s output has not been reached, beliefs equal the priors. When type
L’s outcome is passed, the employee believes he is dealing with a type H as long as the manager repeats his
initial offer.

Off the equilibrium path, the manager always offers his preferred contract among the set that will be
accepted. The employee accepts all contracts that do not decrease his payoff anticipating the future renegotia-
tions. Q.E.D.
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