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Long-term contracts are valuable only if optimal contracting requires commit-
ment to a plan today that would not otherwise be adopted tomorrow. We show
that commitments are unnecessary, and hence short-term contracts are sufficient if
(1) all public information can be used in contracting, (2) the agent can acess a bank
on equal terms with the principal, (3) recontracting takes place with common
knowledge about technology and preferences and (4) the frontier of expected utility
payoffs generated by the set of incentive-compatible contracts is downward sloping
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1. INTRODUCTION

The simplest incentive schemes are probably the piece rate scheme once
commonly used for laborers and the commission contract used to compen-
sate salesmen; in both, the worker’s pay is proportional to the number of
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products of various kinds produced. These contracts involve no element of
deferred compensation—each period’s pay depends on that period’s
product—and neither party pays a penalty when a quit or layoff occurs or
when the contract is renegotiated. For these reasons, piece rate and com-
mission contracts can be viewed as a series of very short-term contracts,
with the worker’s pay for any accounting period being the sum of his ear-
nings over each hour or day in the period. Our purpose is to investigate
when a series of short-term contracts similar to commission contracts can
constitute an efficient incentive scheme, and when, to the contrary, the
parties would do better to sign a long-term contract that cannot be
renegotiated.’

Long-term contracts enjoy an obvious advantage if they expand the
agent’s ability to smooth consumption over time, that is, if the firm acts as
a banker for a worker who would otherwise have limited access to banking
services. But such a rationale can hardly explain the observed variation in
the length of employment contracts. Since higher income employees are
likely to have easier access to capital markets, the smoothing argument
would suggest that lower income employees in particular would be on
long-term contracts and this appears empirically false. We are therefore led
to reject the hypothesis that consumption smoothing is a major reason for
long-term contracts. To focus exclusively on alternative reasons we will
make the unconventional assumption that the employee can borrow and
save on the same terms as the firm.?

To assess the advantages of long-term contracts we construct a general
principal-agent model in which the agent can act, consume, and receive
and communicate information over time. The agent is always at least as well
informed as the principal. Our main finding is that the timing of the agent’s
information advantage is central for determining the value of long-term
contracts. If at all times of potential recontracting, the principal and the
agent share the same beliefs about the payoff-relevant future, then there are
no gains to long-term contracts. In our model, long-term contracts only
serve to avoid recontracting under asymmetric information.

More precisely, we show that the following conditions are sufficient for
an efficient long-term contract to be implementable as a sequence of short-

! Commitments to non-renegotiable long-term contracts may be difficult to enforce. It has
been suggested that long-term contracts must therefore be renegotiation-proof. We are not
concerned with this issue, because our main result will provide conditions under which
non-renegotiable long-term contracts are equivalent to a sequence of short-term contracts and
hence, a fortiori, to renegotiation-proof long-term contracts.

2 This banking assumption is necessary to model the important case where the employer
cannot observe the employee’s consumption or wealth. We sketch in Section 7 how to
eliminate third-party banking from the model for the case where the employer can observe
consumption and wealth.
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term contracts: At the start of each period, (1) the preferences of the prin-
cipal and the agent over future contingent outcomes (action—payment
sequences) are common knowledge, (2) future technological opportunities
are common knowledge, (3) payments in the period can be made con-
tingent on all information shared by the principal and the agent, and (4)
the utility frontier is downward sloping. By the utility frontier at the begin-
ning of a period, we mean the set of expected utility pairs (given the agent’s
information) that can be achieved using feasible, incentive-compatible long-
term contracts written at that time.

Condition 3 requires that payments can be indexed on joint information
without delay. This prevents insurance opportunities from being lost in a
short-term contracting mode. Condition 4 ensures that given any past
history, the agent can be offered the same level of future expected utility
using an efficient long-term contract as using any feasible, incentive com-
patible long-term contract. This condition is met if the agent’s preferences
are additively or multiplicatively separable.

Conditions 1 and 2 are the information restrictions. Together they
rule out any form of adverse selection at the time contracts may be
renegotiated. We emphasize that information asymmetries leading to
adverse selection can arise either from exogenous signals that the agent
receives or from unobserved actions that the agent takes. Both are
problematic for contracting. It is well-known that private information of
the former kind leads to inconsistencies in long-term plans, because ex ante
incentives are efficiently provided by making ex post allocations inefficient
(see for instance papers by Baron and Besanko [2] and Laffont and Tirole
[17]). Less recognized is the fact that private information about actions
will lead to similar adverse selection problems (however, see Milgrom
[19]). To see why, suppose the agent has private information about past
actions that affect future outcomes. As this means that future outcomes
must be informative about what the agent did in the past, the sufficient
statistic results of Holmstrom [13] and Shavell [27] imply that a long-
term contract, which awaits the arrival of additional performance informa-
tion, improves on a short-term contract. Interestingly, the intuition about
allocational distortions and the intuition about sufficient statistics, while
seemingly different, are really part of the same general adverse selection
logic.

In view of this discussion it is not surprising that Conditions 1 and 2 are
needed for our result. The surprise is that the conditions suffice. It is
instructive to sketch the simple logic behind this.

The main result is derived in two steps. The first step shows that under
Conditions 1-4 an efficient long-term contract is sequentially efficient:
given any history, the contract is immune to renegotiations. The key
insight is that Conditions 1-3 imply that the principal and the agent can
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trade in a “complete” set of contingencies, namely all contingencies that are
relevant for determining future expected utilities. Therefore, ex post
efficiency is a necessary condition for ex ante efficiency, assuming the full
range of agent incentives can be provided within the set of efficient
contracts. The latter is guaranteed by Condition 4.

For the second step, we need a bargaining solution that determines
which sequentially efficient agreements would be reached if new contracts
had to be negotiated midstream. We adopt as a solution any contract
on the efficient frontier that gives the firm a future payoff (conditional
expected present value of future profits) of zero. (Such a contract can be
identified by both parties when the common knowledge conditions hold.)
The proof proceeds by modifying the timing of payments under the original
efficient long-term contract so that the firm’s future payoft is indeed zero at
every date. Since the agent has access to banking services, a mere change
in the timing of the agent’s compensation affects neither his welfare nor his
incentives.

Combining the two steps, any efficient contract which in the beginning
gives the firm zero expected profits can be replaced by a sequentially
efficient contract with a zero future payoff for the firm at each date and in
each event. Since the continuations under this contract always coincide
with what the parties would have agreed to anyway given our bargaining
convention, there is no gain to long-term contracting.

An outline follows. Section 2 introduces the model. Section 3 discusses
two examples of adverse selection caused by private action and how com-
mitments against renegotiation are of value in this case. Section 4 intro-
duces our assumptions on common knowledge and a decreasing utility
frontier. Section 5 presents the main result. Section 6 explores a more
specialized model in which the agent’s preferences are additively separable
over time and exponential in each period’s consumption and his consump-
tion and savings decisions are unobservable. With unobserved savings,
Condition 1 requires that the agent’s wealth not influence his preferences,
which is the reason we must assume exponential utility. We investigate the
situation when the technology is of a kind that seems most relevant for
factory laborers and some salesmen: Each period’s efforts are assumed to
affect only that period’s production. We show that if the environment is
stationary, the optimal long-term contract prescribes piece rates and com-
mission schemes, which can be achieved with short-term contracts. Thus, in
response to the inquiry in the opening paragraph, our model suggests an
answer based on the information conditions and nature of work.

The properties of our model when the interest rate is small are studied
in Section 7, where our conclusions are analyzed in relation to the
literature on “folk theorems” in game-theoretic models with moral hazard.
We show that with little discounting the first-best utility frontier can be
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approached. Since this is achieved by a sequence of short-term contracts,
this result cannot be interpreted to mean that long-term contracts and
repeat dealings alleviate the single period incentive problem. Rather, the
rationale for the near first-best performance in our model is based on self-
insurance. Section 8 discusses extensions and is followed by concluding
remarks in Section 9.

2. THE MODEL

We consider a multi-period principal-agent model with time indexed
t=0, 1, ... Periods are to be construed as the minimum length of time of
commitment to a contract or alternatively as dates of potential renegotia-
tion; of course, long-term contracts may permit commitments beyond one
period. Within each period, events take place in the following order: (i) a
contract is negotiated (not relevant if a long-term contract is in effect), (ii)
the agent takes a productive action, (iii) he consumes, (iv) he observes a
private signal, (v) the principal and the agent observe a public outcome,
and (vi) the principal pays the agent.> We denote the agent’s productive
action in period ¢ by e, (“effort”), his consumption by ¢,, his private signal
by a,, the public outcome by x, and the principal’s payment by s,.

The action e, is a vector that includes any choice by the agent which
affects his utility or the outcome of the firm. We assume consumption is
one-dimensional, measuring ¢, in dollars expended.* The agent’s private
signal, o,, is a vector that may contain information about the agent’s
preferences or the technology. Note that ¢,, as an arbitrary vector, can
include strategies that map signals ¢, into productive decisions. Thus, the
model can handle reverse timing of actions and signals within a period.

The public outcome x, is a vector that records everything new the prin-
cipal and the agent jointly observe in period ¢ before payment of s,. It may
include information about the agent’s past or present actions, consumption
decisions, and private signals, as well as any period-r messages from the
agent to the principal.’ The principal’s period- profit n, is assumed public
information by specifying that =, =7 ,(x,).

Histories are denoted by superscripts. Thus, e‘=(e,,..,e,), ¢ =
(¢gs s ¢;), and so on. We let the vector ‘= (x’,s') record the public

? Assuming a different order of events within a period is equally acceptable. Some conven-
tion is necessary for consistent notation.

* A more general formulation incorporates consumption as part of the actiofi vector. This
formulation allows consumption to be multi-dimensional. In addition one must specify a
mapping (deterministic or stochastic) that determines the agent’s expenditures in each period
as a function of his action. The analytics of this case is only notationally different.

* Period- messages, if present, are part of the action vector e,.
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history of events through time ¢ and the vector z'=(e', ¢, ¢', x, s') the
corresponding full history. Occasionally, we will refer to z* and A’ as nodes
in the unfolding tree of events. At the end of period ¢, the agent knows z*
and the principal knows 4. Thus, at no time does the principal know more
than the agent. At the beginning, both sides have identical information, so
we let the initial history be z7! = (7.

Regarding payments we make the following important assumption.

Assumption 1 (Verifiability). Payments to the agent at time ¢, 5,, can be
conditioned on all publicly available information up to that time, x".

Thus, we make no distinction between observable and verifiable informa-
tion. Third parties, responsible for enforcing contractual promises, can also
observe the vector of public outcomes, x,. Note that Assumption 1 makes
no reference to contracts. The distinction between long-term and short-
term contracts is one of commitment, not one of contingencies.

We assume there is a terminal date T such that after period T, profits will
no longer depend on the agent’s actions (past or present), there will be no
additional information arriving, and the principal will make no further
payments to the agent. Formally:

Assumption 2 (Finite Contract Term). For r=2T+1, n,=0, x,=0,
g,=0, and 5,=0.

The agent may (but need not) continue to consume forever (in one of
our applications it is essential that the agent consume over an infinite
horizon; see Section 6). However, we will not model this explicitly in the
main analysis. Instead we will express post-T consumption preferences in
the form of an indirect utility over terminal wealth w;,,. The agent’s
wealth is determined by his savings and borrowing options to be specified
below.

The von Neumann-Morgenstern utility of the agent is initially specified
as a general function:

U(€gs ooy €75 Cos wes Cy Oy vy Ty Wp 1) (2.1)

The agent cares about his consumption, his actions, and his final wealth.
Potentially, his preferences are affected by the signals o,. Special cases of
(2.1) will come up later.

The principal is risk neutral and evaluates profit and payment streams
through the net present value:

Y o'[n,—s,] (2.2)
t=0

The stochastic technology is described by a set of probability distri-
butions {F,:¢=0,.., T} over public outcomes x, and signals 5,. Each
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distribution F,(x,, o,/e' =", ¢'~', x'~ !, ¢,) depends in general on the action,
signal, and outcome histories up to time ¢ as well as on the agent’s action
in period . This formulation permits outcomes in different periods to be
time dependent as well as stochastically dependent, either through the
agent’s actions or through exogenous events. Also, observe that our
specification permits the agent to be inactive in any period (by assuming
that his action in that period is without consequence); in particular, he
may retire before the contract termination date T.

Long-Term Contracts

Since the agent consumes and acts in period ¢ contingent on the informa-
tion z'~!, the agent’s plans of action and consumption take the forms
{e/(z'~")} and {c/(z'~')}. We will often write e for the agent’s action plan
and ¢ for his consumption plan.

We adopt the convention that plans of action and consumption specify
what the agent will do at all conceivable nodes z'~ !, even nodes that can
be reached only by following some alternative plan. For instance, if the
action plan é specifies é, as its initial action, then of course é can never lead
to a node z' ! for which e, # é,. Yet, we will insist that é specify what the
agent will do at node z'~'. This convention will facilitate the discussion of
recontracting later on. (Until then, the convention can be ignored.) Note
that since z ' = ¥, the date 0 action and consumption plans e, and ¢, are
always singletons.

A long-term contract is a triple 4= (e, c,s), where (e, ¢) are to be
construed as the instructions (or suggestions) for the agent’s effort and con-
sumption plans above and s= {s,(x’)} is a payment plan, which specifies
what the principal promises to pay the agent as a function of the publicly
available information x‘. As with action and consumption plans, a payment
plan specifies payments for all conceivable outcome contingencies x’.

DErINITION. A long-term contract 4 = (e, ¢, s) is incentive compatible if
the agent finds it optimal to follow the instructions (e, ¢}, that is, if

(e, ¢) Ma:((jn))izes E[U@ ¢ 67, wr, (¢ 5))é] (2.3)
The expectation in (2.3) is taken with respect to the distribution of the
stochastic process {z,} generated by the agent’s plan (é) as indicated by the
conditioning. If a contract is incentive compatible, the agent is willing to
follow instructions. Note that (2.3) does not require (e, ¢) to be optimal
conditional on nodes that cannot be reached, since it is a matter of indif-
ference what the agent plans to do in events that cannot happen along the
optimal path. A stronger notion, requiring incentive compatibility condi-
tional on every history, will be introduced later.
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The expected utility and the expected profit from a long-term contract 4,
evaluated at date O, are

Uo(d)= E[Ule, ¢, 0™, wr (¢, 5))| e], (24)

and

Iy(4) = Z "E[m,—s,(x")]|e]. (2.5)

DEFINITION.  An incentive compatible long-term contract 4 is efficient if
there is no other incentive compatible long-term contract 4 that both
parties prefer, ie., (Uy(d), Hy(4d))> (Uy(d), Iy(4)), where the inequality
allows one, but not both components of the vectors to be equal.

An efficient long-term contract that guarantees the principal expected
profits 71, solves the program

Maximize Uy(4), subject to (2.6)
A

(i) program (2.3)
(i) M(4)>11,.

DEeFINITION.  An efficient long-term contract that guarantees the prin-
cipal zero expected profits at time zero, i.e., solves (2.6) with IT,=0, is
called optimal.

Our focus on optimal contracts is motivated by the idea that competi-
tion in the market for agents will force the principal to offer the agent the
best zero profit contract. Later on, in our discussion of sequential contract-
ing, a similar zero profit constraint will be imposed at each recontracting
date to describe the outcome of short-term contracting.

We postpone a formal definition of short-term contracting until after the
introduction of common knowledge, since we wish to avoid a general
discussion of sequential contracting under adverse selection, which still is
an imperfectly understood topic.

Banking

In order to isolate the incentive concerns from the issue of intertemporal
smoothing of consumption we will assume that the agent has free acess to
a bank.

Assumption 3 (Equal Acess to Banking). The agent can borrow and save
at a secure bank, with a savings or loan balance of 1 at the end of today
growing to 1/6 at the beginning of tomorrow. The bank allows the agent
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to borrow and save any amount up to time 7. Post-T trransactions are
embodied in the agent’s preferences over terminal wealth.

With this banking assumption, the wealth of the agent at the beginning
of period r+ 1, w,,,, is determined by

w,+,(z')=6-“+“[wo+ ¥ 5*(s,(xf>—cf(z”>)} (27)

where w, is the wealth that the agent starts out with. To indicate explicitly
that w,, ; depends on ¢ and s we often write wr ,(c, 5).

Remarks. 1. Assumption 2 implies that the agent and the principal can
transact in the capital market on equal terms (the principal also discounts
payments at the rate J).

2. Banking may lead to a negative balance at the end of time 7, and
hence negative consumption afterwards. If desired, this possibility can be
ruled out by specifying the utility function over terminal wealth w,_; so
that the agent voluntarily keeps w;,, nonnegative. What is important is
that the bank can enforce repayment of debts at least as economically as
the employer could.

3. Two payment plans s= {s(x’)} and §= {§,(x')}, which have the
same net present values along every complete path x”, offer the agent the
same consumption opportunities and hence the same expected utility under
any given action plan. Therefore, if the contract 4= (e, ¢, s) is incentive
compatible, so is the contract 4 = (e, ¢, §), implying that the agent and the
principal will both be indifferent between 4 and A.

By assuming that the timing of payments is unimportant, we have
removed all potential advantages from deferred payment plans such as
pension plans.

3. EXAMPLES

Before proceeding to the general theory, we pause to discuss two
illustrative examples. They help motivate the common knowledge condi-
tions we will be introducing shortly. The point of the examples is to
indicate how adverse selection, caused by the agent’s choice of action
(Example 1) or by his choice of consumption (Example 2), prevents short-
term contracts from emulating optimal long-term contracts. Related exam-
ples by Baron and Besanko [2] and Laffont and Tirole [17] show that
adverse selection caused by exogenous information asymmetries leads to
similar short-term contracting problems.
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ExampLE 1. There are two periods: t=0, 1. The agent works only in
the initial period. Work involves choosing either a low level of effort or a
high level of effort: e; =0 or 1. Outputs in the two periods, x, and x,, are
distributed according to the probability mass function f(x,, x,|e,).

The agent is risk and work averse. His preferences are represented by a
utility function of the form Ule,, ¢q, ¢;, W) =u{w,) —e,; that is, the agent
does not consume until after period 1. The interest rate is zero, ¢, and ¢,
are restricted to be non-negative, and the function u is assumed increasing,
strictly concave, and unbounded from below. Clearly, the agent will set
co=c¢;=0s0 wy=54+s,.

Because the agent works only once, this is essentially a standard “single-
period” agency model with the twist that the outcome is revealed over time.
Let (e, s&(x,), s¥(x,, x;)) be an optimal long -term contract. We assume
that e =1, that is, it pays to implement a high level of effort.

A familiar result from single-period analyses (Holmstrom [13], Shavell
[27]) tells that the agent’s optimal period-1 compensation, s§, must
generally depend on x, unless x, is a sufficient statistic for e,, that is,
unless f(x,|e,=1, x¢)=f(x,1e,=0, x,) for all (x,, x,). The intuition is
simple. If x, is not a sufficient statistic for e, x, contains additional infor-
mation (about the agent’s action) worth incorporating into the contract.

However, consider what will happen if the parties can renegotiate the
contract at date 1. At that point, the agent has no further actions, so there
is no longer an incentive reason to let the final payment s, be contingent
on either x, or x,. In fact, efficient risk sharing at date 1 dictates that the
agent bear no risk at all. Therefore, we can expect the initial contract to be
renegotiated to make the payment s, a constant. But if that is the case, the
optimal long-term contract cannot be implemented as intended.®

Commitments have value here because the optimal long-term contract is
not sequentially efficient, i.e., it is not immune to renegotiation. Sequential
inefficiency can be traced to the presence of adverse selection. In our exam-
ple, adverse selection emerges after the initial period because the agent
is better informed than the principal about the distribution of future
outcomes.

Contrast this with the case in which x, is a sufficient statistic for ¢,. Now
a one-period contract will do as well as a long-term contract: Because s
will not depend on the (uninformative) outcome x,, all payments condi-
tional on x, can be made in period 0 (see earlier Remark 3). Put

¢ Fudenberg and Tirole [8] provide an analysis of renegotiation-proof contracts in situa-
tions like this. Note that the agent, foreseeing a renegotiation to full insurance, would shirk
if the optimal long-term contract were attempted. Consequently, an equilibrium must involve
randomization unless the agent is instructed to choose low effort. Milgrom [19] makes a
similar observation in the case where no contracting is allowed until after the agent’s effort
decision.
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differently, without any information worth waiting for, the contract can be
closed out after period 0. Note well the simultaneous absence of adverse
selection: if the sufficient statistic condition holds, the principal, after
observing x,, is as informed as the agent about the distribution of x,.

The next example shows that adverse selection problems can also arise
from unobserved consumption decisions.

EXAMPLE 2. Suppose that the agent’s preferences are described by the
utility function Uleq, €y, ¢o, ¢y, wy) = u(co) + u(c,) — e,, with the additional
restrictions ¢,, ¢,, and w,>0. Note that we assume that the agent con-
sumes in both periods, but works only in the last one. No outcomes are
observed in period 0 (x,=0). The productive outcome in period 1 may be
either a success (x; = S) or a failure (x, =F). The probability of sucess is
p if the worker supplies high effort and ¢ if he supplies low effort, where
g < p. Consumption ¢, is not observed by the principal, so contracts cannot
be indexed on it. The interest rate is zero. Again, we shall argue that the
optimal long-term contract is vulnerable to renegotiation.

To verify this, let us first examine the two-period efficient contract. The
compensation scheme takes the form (s,, 5,(x;)). By Remark 3, following
the banking assumption, we can set s,=0 and have all payments take
place at the end of the horizon. Write 5,(S)=wg, s;(F)=wg, and ¢y =c.
An optimal compensation scheme is a solution to

Max {u(¢)+ pu(ws— )+ (1 —p) u(wg — &) — 1}, (3.1

subject to
u(é)+pu(ws — &)+ (1 —p)u(wg —¢) -1
= Max {u(c)+ pu(ws—c)+ (1 —p) u(wg —c)—1}

> Max {u(c) + qu(ws—c)+ (1 — q) u(wg —¢)}, (3.2)

and
pws+ (1 —p)we<Ww. (3.3)

This optimization problem incorporates an incentive constraint (3.2) and
a participation constraint (3.3). The incentive constraint requires that the
worker would rather work diligently than shirk, given that in each case he
can adapt his consumption decision to his effort choice, and that the con-
sumption choice contemplated in the contract is the preferred choice of a
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diligent worker. The participation constraint specifies a maximum expected
wage (and hence a minimum expected profit) for the firm. This formulation
is equivalent to (2.6).

At an optimal solution (wg, wg) to the problem (3.1)}-(3.3), wg < Wg;
otherwise the no-shirking constraint (3.2) cannot be satisfied. Let ¢, be the
optimal choice of initial consumption for a worker who plans to work hard
and ¢, the optimal choice for a worker who plans to be lazy. These are
unique since u is strictly concave. The first-order conditions determining
the consumption choices are

w(cy)=pu'(Ws—cy)+ (1 —p)u'(Wy—cy),
and
u(cp)=qu'(Ws—cy)+ (1 —q)u'(We —cy),

From these equations and the facts that W <Wwg, p>¢q, and ' is decreas-
ing, it follows that ¢, > ¢;. The worker consumes more in the first period
when he plans to be diligent because his income is (stochastically) greater
then and first-period consumption is a normal good.

Now suppose that the parties sign the optimal long-term contract and
that the employee, planning to be diligent, consumes ¢y . Once he has made
the initial consumption decision, the employee strictly prefers to work hard
in the second period, as seen from

u(cy) +pu(wg —cy)+ (1 —p)u(wg —cy)—1
Zu(c )+ quiwg—cL)+ (1 —q) u(We —cy)

> u(cy) + qu(ws — cy) + (1 — q) u(e — i) (3.4)

The first inequality in (3.4) is just a restatement of the incentive-
compatibility condition (3.2); the second follows because ¢ is the unique
optimal choice for an agent who plans to shirk.

Once we see that the incentive constraint does not hold with equality
along the equilibrium path, it is clear that the optimal long-term contract
is vulnerable to renegotiation: Given that the agent has consumed cy, an
efficient continuation contract must make the agent just indifferent about
his choice of effort. More precisely, the following equality will hold:

pu(ws —cy) + (1 —p) u(wg —cy) — 1 = qu(wg — cy) + (1 — ) u(wg — cy).
(3.5)

However, according to (3.4), the wages (Wg, wg) specified by the unique
optimal two period contract do not satisfy (3.5).
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We conclude that private information about preferences at recontracting
dates (adverse selection) can make optimal long-term contracts vulnerable
to renegotiation. Commitments to a non-renegotiable long-term contract
can therefore benefit both parties.

4. ComMoON KNOWLEDGE AND DECREASING UTILITY FRONTIER

We proceed to the major assumptions of the model, beginning with
common knowledge conditions on technology and preferences that will
eliminate adverse selection problems of the kind discussed above.

Common Knowlege

Since the agent has more detatled information than the principal at all
times, the principal’s information is always common knowledge. Thus, the
assumptions on common knowledge only involve limitations on the agent’s
information advantage. Our conditions will imply that, given any history
up to and including period ¢, the principal knows the agent’s preference
ordering over all potential contracts that may be offered at the beginning
of period ¢+ 1.

Assumption 4 (Common Knowledge of Technology). At the beginning of
each period ¢ and for all possible histories =7/,

Fl(xt’ o'tlet‘ 17 Ul_ 1’ x-t" 1’ el) = Fl(xl’ O’tlx’7 1’ et)‘ (4'1)
Assumption 4 says that the information provided by the public observa-
tions x'~! is sufficient to determine how period ¢'s actions will affect future
outcomes and signals. Condition (4.1) is obviously satisfied if periods are
independent of each other as in repeated principal-agent models. But we
stress that (4.1) is much weaker than independence. Past actions and signals
can affect current outcomes and signals as long as these dependencies are
publicly revealed. To illustrate, suppose ,=0 for all +. Then the Markov
technologies (4.2) satisfy (4.1),

xt=h(xr—lyen 81)5 (42)

where the ¢,’s are independent stochastic disturbances unobserved by both
parties and the function 4 is arbitrary. Using (4.2), we can include in the
model transitory or non-transitory components of the economy, the
industry, or the agent’s technology, provided information regarding these
components is symmetric at recontracting dates.

Importantly, Assumption 4 requires that x, convey no new information
about past actions ¢’ ~'. Information about the agent’s activities cannot
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arrive with a lag as in Example 1 of the previous section. Other
technologies which violate (4.1) on these grounds include

x,=e,+e,_;+¢, (4.3)
xX;=ete _te,. (4.4)

Condition (4.1) also rules out traditional adverse selection in which the
agent receives payoff relevant information (through o,) without taking any
actions (e.g., dynamic insurance). The models by Baron and Besanko [2]
and Laffont and Tirole [17] violate (4.1), because in these models the
agent privately learns a productivity parameter, which remains unchanged
over time (g,=0,).

Our common knowledge assumption regarding agent preferences will be
stated in terms of preferences over contingent action—payment streams. Let
éT=(é,,.., é7) and 5" =(s,, .., §7) denote a random action and a random
income vector, respectively. Let P be a probability measure over (&7, 3")
and let E, denote expectations with respect to the measure P. We write
#"\e' for the random action vector (e, ..., €,, &, 1, .., €7) in which the
actions in the first ¢ periods have been fixed at ¢’. We use similar notation
for random payment streams. The notation é\c¢' refers to a continuation
plan of consumption, defined as a plan in which the first ¢ periods of
consumption are fixed at ¢'=(c, .., c¢,) and the succeeding periods are
governed by the terms of the long-term plan ¢. Define

Via(Plz'y=max EpLUET\e', A\, o7, wr, (A\c', 5T\s"))|2']. (45)

This represents the maximal expected utility that the agent can obtain by
choosing an optimal consumption plan for the future given the history z°
of past consumptions, signals, and outcomes and a probability measure P
over the random stream (&7, 7). We emphasize that the value V, | refers
to preferences over probability distributions of future action-payment
streams (in which consumption is optimal), rather than arbitrary action—
consumption streams. The following assumption asserts that these preferen-
ces are common knowledge.

Assumption 5 (Common Knowledge of Preferences over Action-Payment
Streams). For all ¢ and any two distributions P and R,

{2V, (P12) >V, ((RIZ)} e a(h"),

where a(h') is the o-algebra generated by he public history k' = (x', s°).

7 With an appropriate change of variables, the productivity parameter becomes a cost
parameter, in which case the models can alternatively be viewed as violating common
knowledge of preferences {Assumption 5).
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Assumption 5 can be satisfied in several ways, all involving some form
of intertemporal separability of preferences. Suppose the signals o, are inde-
pendently distributed preference parameters. Then if the agent’s utility is
either additively separable,

T
U(era CT’ WT+1)= Z 5'“,(6,, s 61) +g(WT+ 1)9 (46)
t=0
or multiplicatively separable,
T
U(eT’ CTs Wry l) = n ut(ets Css 0:) g(WT+ 1); (47)
=0

and if the agent’s consumption (hence wealth) is observable, Assumption 5
holds. Here the agent’s private information only relates to past u, values,
while separability assures that these values do not affect preferences over
future action-income streams. Various special cases of (4.6), with consump-
tion publicly observed, have been studied frequently, Allen [1] and Green
[9] adopted the “repeated insurance problem” version of this model, which
is defined by the additional restrictions that u,=u,(c,, o,) (with the as
independent). Malcomson and Spinnewyn [18] and Rogerson [24]
treated models satisfying (4.6) with the restriction u, =u,(c,, ,).

Even when consumption is not observed, Assumption 5 may be satisfied
provided there are no wealth effects on preferences. This happens in (4.7)
if in addition

U= —exP[*r(Cr—U(eno'r))] and g(wT+1)= “CXP[”’WTH]-
(4.8)

The preferences resulting from (4.7) and (4.8) with v(e,, g,) =v(e,) were
used in the principal-agent models of Fellingham, Newman, and Suh [6]
and Holmstrom and Milgrom [15]. Our main theorem below applies to
each of these models as well as the ones mentioned earlier, thus helping to
clarify the relationships among them. In Section 6 we shall study another
model without wealth effects to which our theorem applies—one in which
the agent’s consumption is unobserved and preferences are additively
exponential ((4.6) and (4.8) hold with v(e,, ¢,) = v(e,)).

Recontracting

Given our convention that actions, consumptions, and payments in a
long-term contract are defined for all conceivable histories, we can view
recontracting at time ¢ simply as the adoption of a new long-term contract.
So let 4= (e, ¢, s) be a long-term contract adopted at time ¢ + 1, after the
history ' = (&, &, 6', h") (4 may, of course, have been in effect also before

642/51/1-2
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t+ 1). By a continuation of 4 at #°, denoted A\#', we mean the collection
of future plans in 4, which remain relevant given the history #* (ie., plans
that prescribe actions, consumptions, and payments for contingencies that
follow Z*). The agent’s expected utility from the long-term contract 4 given
history 7', i.e., his valuation of the continuation A\?Z', is

U ()= ELU(NE', \&', 67\G", wr, 1(c\é', 5\§") | e\é', 2], (4.9)

where, as before, ¢\¢' denotes the agent’s continuation plan of consumption
and e\é', s\§' are analogously defined continuation plans of action and
payment. If the principal knew Z‘, his corresponding valuation of the con-
tinuation 4\7° would be given by the period-(z + 1) expected present value
of profits,

T
I, ()= ), 0" E[n, —s(x7)|e\é', 2]. (4.10)

T=1+1

Note that 7, ,(4\Z") excludes profits realized prior to period ¢+ 1.

DEFINTION. A continuation A\Z' is incentive compatible if, given the
payment plan s\§', the agent prefers the action-consumption plan
(e\é', c\¢*) to any other plan (&\é', #\¢') (as measured by (4.9)). A long-
term contract 4 is sequentially incentive compatible if for every t and every
7', the continuation 4\#' is incentive compatible. The set of sequentially

incentive compatible long-term contracts is denoted SIC.

Sequential incentive compatibility means that the agent is willing to
follow the instructions in 4 conditional on any history. This is the proper
consistency condition given that 4 may be started at any node z’, following
some other long-term contract.

Since the principai cannot observe 7', he generally cannot tell how the
agent values a contract 4, nor how he himself would value 4 if he had the
agent’s information. Therefore, negotiations over which contract to adopt
at node Z° will typically have to take place under asymmetric information
about the value of alternative options. Such negotiations (and their
analysis) can be expected to be complicated, because of adverse selection.
However, when technology and preferences are common knowledge
Assumptions 4 and 5), these problems vanish: for every history Z‘, and
every pair of sequentially incentive compatible contracts 4 and 4’ we have

{20 U, (A\2)> U, (472"} e a(R'), (4.11)

{z: I, (4\2")>,, (4\2")} ca(h"). (4.12)
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According to (4.11) the principal knows how the agent ranks incentive
compatible continuation contracts at any node z'.® This is weaker than
assuming that {z": U, (4\z') =} ea(k') for all &, ie., that the principal
knows the actual value of the agent’s conditional expected utility. The
distinction is important when the agent’s consumption cannot be observed
(Section 6). By contrast, (4.12) is equivalent to assuming that the principal
knows the expected profit of each incentive compatible continuation con-
tract, since contracts that give all future profits to the agent in exchange for
a fixed rental fee will provide the requisite calibration.

If we let Z(h')= {z'|h'=A"} denote the set of histories consistent with
the principal’s observation A’ conditions (4.11) and (4.12) can be
rephrased as saying that the agent’s and the principal’s preference orderings
over contracts never change within a set Z(A").

Decreasing Utility Frontier

We turn to the assumption that the utility frontier is downward sloping,
along with conditions on the agent’s preferences sufficient to ensure that
the assumption is satisfied.

The wutility possibility set conditional on history z' is the set of feasible
payoff pairs UPS(z')={(n,u)|34€SIC such that n=1I,, (4\z"),
u=U,, (4\z")}. The utility frontier conditional on z’ is the function
n=UPF(u|z’). obtained by maximizing the principal’s expected profit
among all payoff pairs in UPS(s), which give the agent a fixed utility u.
The efficient frontier conditional on history z' is the set of undominated
feasible payoff pairs EF(z')= {(n, u)e UPS(z")|2 (7, u') € UPS(z') such
that (7', u’) = (%, u) and (7', u') # (=, u) }. Points in EF(z') are obtained by
maximizing the principal’ expected profit among payoff pairs in UPS(z")
which give the agent at least a utility level u, say.

DEFINITION. A continuation 4\z' is efficient if 4 € SIC and if the payoffs
of A\z' are on the efficient frontier EF(z’).

Assumption 6 (Decreasing Utility Frontier). For every history z' the
function UPF(u|z*) is strictly decreasing in u.

Restated, Assumption 6 says that the efficient frontier coincides with the
utility frontier. The significance for our analysis is that under Assumption
6 one can replace any contract with an efficient contract without altering
the agent’s payoff. Thus, the full range of agent incentives can be provided
within the set of efficient contracts. Figure 1 depicts a utility frontier that

8 Note that incentive compatibility is essential. The principal may not be able to rank
contracts in which the agent is assumed to consume in a suboptimal way, as is the case in
the example of Section 6.
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violates Assumption 6. Even though point A is inefficient, one cannot move
to a Pareto preferred point without raising the agent’s utility.

In one-period models, requirements on minimum payments (s,>5) or
limited liability may cause Assumption 6 to fail; the efficiency wage model
of Shapiro and Stiglitz [26] and the quality-assuring price model of Klein
and Lefler [16] are well-known examples.” In our model no minimum
payments are imposed. Provided preferences are separable and the agent’s
consumption can be observed, the frontier of the utility possibility set will
be downward sloping:

THEOREM 1. If consumption is observable, then Assumption 6 is satisfied
when either of the following two conditions holds:

(i) Preferences satisfy (4.6) (additive separability over time) and the
function g is increasing, continuous, and unbounded below.

(i1) Preferences satisfy (4.7) (multiplicative separability over time),
each u, is positive, the function g is increasing and continuous, and either g
is negative and unbounded below or it is positive and has greatest lower
bound zero.

Proof. We give the argument for case (i); case (ii) is analogous.

Let z* be an arbitrary history, 4 any sequentially incentive compatible
long-term contract, and k£ an arbitrary positive number. Let the continua-
tion 4\z' have payoffs (m, u). We shall construct another sequentially
incentive compatible contract 4 such that A\z* has payoffs (%, &) with > =

? For a dynamic model in which bonds are bult up over time, see Borland [3].
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and d=u—k, ie, the agent’s utility is reduced by k and the principal’s
utility is strictly higher. This will establish the claim.

The contract 4 calls for the same actions, consumptions, and payments
as A, except that the final payment, §,, is determined by the equation
gwr+s,—cr)=gwr+sr—cy)—k, for each pair (w,,cr). A solution
(§7) to the equation can be found, since g is increasing continuous, and
unbounded from below and the solution will be a function of x” as
required, since (wr, cy) is a function of x” when consumption is observ-
able. Compared to 4, the contract 4 reduces the agent’s realized utility by
the amount k along every complete history z”. Consequently, the agent is
willing to act the same way under either contract, proving that the new
contract 4 is also sequentially incentive compatible. The principal’s payoff
is higher, since the agent’s behavior stays the same and the new payments
are smaller. Q.E.D.

In Section 6 we will see that even if consumption is not observable,
Assumption 6 will hold for the additively exponential case.

5. MAIN RESULT

As the examples in Section 3 suggest, a long-term contract must be
immune to renegotiation if one hopes to emulate it by a sequence of short-
term contracts. The following notion of sequential efficiency is a sufficient
condition for a long-term contract to be renegotiation-proof:!°

DErFINITION. A long-term contract 4 is sequentially efficient if for every
history z‘, 4\z‘ is an efficient continuation.

_ Sequential efficiency is a strong requirement. Since the payments of a
long-term contract only depend on the public history x’, this does not
provide enough flexibility in general to maintain payoffs on the efficient
frontier in all contingencies z'. Indeed, neither of the examples in Section
3 admits sequentially efficient contracts.!! The following key result (which,

10That sequential efficiency implies renegotiation-proofness is obvious given common
knowledge. But even without common knowledge it is irrational for the principal to agree to
replace a sequentially efficient contract, because if the agent accepts the change, the principal
must infer that the new contract gives him something less, since there is no contract that
makes both better off.

" Note that even when there are no sequentially efficient contracts, there typically will exist
renegotiation-proof contracts. Renegotiation-proof contracts are determined subject to the
extra constraint that future renegotiations cannot be desirable for both parties. (For analyses
of renegotiation-proof contracts under asymmetric information, see for instance Dewatripont
[5] and Hart and Tirole [12].)
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we stress, does not require the banking assumption), shows that sequen-
tially efficient contracts always exist under the conditions we have
postulated:

THEOREM 2. Assume verifiability of public outcomes (Assumption 1), a
finite contracting horizon (Assumption 2), common knowledge of technology
and preferences (Assumption 4 and 5), and a decreasing utility frontier
{Assumption 6). Then, for any efficient long-term contract, there is a corre-
sponding sequentially efficient long-term contract providing the same initial
expected utility and profit levels.

Proof. Let 4 be an efficient long-term contract. Suppose it is not
sequentially efficient. Then, given some history 2/, there exists an efficient
continuation 4'\Z, which Pareto dominates the continuation 4\Z'. By
Assumption 6, we can assume 4'\Z' provides the same expected utility to
the agent and a strictly higher expected profit to the principal. By Assump-
tions 4 and S, it is common knowledge at Z* that 4"\z" has this property,
ie., for all z'e Z(h"), the agent is indifferent between 4\z' and 4'\z* and the
principal strictly prefers 4"\z".

Now construct a new contract that differs from the original contract only
in that its terms, once the event A’ occurs, are those specified by 4". We
claim the revised contract is incentive compatible. As noted above, for all
z'e Z(h"), the agent’s conditional expected utility is unchanged. Also, his
expected utilities conditional on any z'¢ Z(h') are unchanged, since the
subsequent terms are unchanged. By the Optimality Principle of Dynamic
Programming, the agent’s incentives up to time ¢ are therefore unchanged.
Consequently, the agent is precisely as well off and the principal weakly
better off with the revisions. By doing a similar substitution in all con-
tingencies z' for which 4\z' is not an efficient continuation, we arrive at a
sequentially efficient contract. Q.ED.

The logic of our proof is the same as the one used to argue that ex ante
optimality implies ex post optimality in complete markets. This is because
common knowledge together with verifiability of public outcomes admits
complete contracting in the limited sense that all contingencies that are
relevant for forecasting the (payoff-relevant) future can be contracted on at
time 1.

Finally, we are ready to state what we mean by short-term contracting.
When the assumptions of Theorem 2 hold, it is reasonable to postulate that
any continuation contract, agreed to at time ¢ conditional on some history
z', will have payoffs on the efficient frontier EF(z‘). Furthermore, if we
envision principals competing for the agent’s services, the contract will be
one which gives the agent the highest expected utility subject to the
principal’s making non-negative profits. This motivates the following:
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DEFINITION. A sequentially efficient contract which gives the principal
zero expected profits conditional on any history z* is called sequentially
optimal.

A sequentially optimal contract has the feature that if the agent and the
principal were to terminate their relationship (cancel their contract) at any
time and start negotiating for a new long-term contract immediately
afterwards, the old contract would be accepted anew. Working backwards
from date T, it is then clear than a sequentially optimal long-term contract
signed at date 0 can be decomposed into a sequence of short-term contracts
negotiated at the beginning of each period and only specifying payments
and plans for that period.

By adding the banking assumption to the conditions of Theorem 2,
sequential optimality follows from sequential efficiency by a simple
rearrangement of payments. This will establish the main result of the paper:

THEOREM 3. Assume verifiability of public outcomes (Assumption 1), a
finite contracting horizon (Assumption 2), equal access to banking ( Assump-
tion 3), common knowledge of technology and preferences (Assumptions 4
and 5), and decreasing utility frontier (Assumption 6). If there is an optimal
long-term contract, then there is a sequentially optimal contract, which can
be implemented via a sequence of short-term contracts.

Proof. Let A4 be an optimal long-term contract. By definition,
11,(4)=0. By Theorem 2, there is a sequentially efficient contract 4’ which
provides the same initial payoffs as 4, in particular /7,(4") =0. By Assump-
tion 2, I, ,(4'\z")=0, for every z7.

We will modify the timing of payments to make expected profits zero
from each node z' onwards. Let

§(xy=5(x) =8I, (A"\2")+ T (4\z'""), for t=0,1,.,T

By common knowledge the right hand side varies with x’ only, so this
construction is possible. For every complete history z”, the present value of
the agent’s compensation is the same under § as under s’ (by telescoping
series), so the contract 4= (¢, ¢’, §), which substitutes § for s’ in 4’, is
incentive compatible (cf. Remark 3 following Assumption 3). By construc-
tion expected profits in 4 are zero from each node onwards so the contract
is sequentially optimal.

The identification of sequential optimality with short-term contracting
was explained before the theorem. Q.E.D.

‘2 We assume that there is an efficient contract in which the principal makes zero profits.
This follows from Assumption 6, if there is some contract that gives non-positive profits and
if the set UPS(z’) is convex. The latter condition can be assured by randomizing among
contracts.
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6. ADDITIVELY SEPARABLE EXPONENTIAL UTILITY

In general, if consumption cannot be observed, it will not be true that
preferences are common knowledge, as we saw in Example 2, and therefore
a commitment to a long-term contract will be of value. However, we do
not think that unobserved consumption is an empirically significant reason
for long-term contracts. Firms seem to make little effort to monitor
employee wealth, which would be of value if consumption effects were
important. It seems reasonable therefore to look for an explanation of
observed contract characteristics using models in which Assumption 5
(Common Knowledge of Preferences) is satisfied even when consumption
is not observed. One such model is specified below.

The agent abserves no periodic private signals ¢,. Preferences display
constant absolute risk aversion and additive separability over time, as
follows:

Assumption 7 (Exponential Utility). The agent’s utility function is

- Z o'exp{ —r(c,—v(e))}, with v(e,)=0for t>T. (6.1)

t=0

Assuming that the agent has acccess to a bank in all periods using the
same discount factor & as that in (6.1), he will find it optimal after period
T to consume just the interest on his terminal wealth w,_:

¢, =(1=d)wyp,, for >T. {6.2)

Consequently, the specification (6.1) corresponds to (4.9) with

g(WT+1)E“‘5T+l(]*5)713XP{_’(1—5)WT+1}~ (6.3)

THEOREM 4. Suppose Assumptions 1-4 and 7 hold. Then the agent's
preferences will be common knowledge (Assumption 5) and the utility frontier
will be decreasing ( Assumption 6).

Proof. Fix 1, 0<t<T, and a history z*. Let w,_,=w,,(z°) be the
agent’s wealth at the beginning of period 7+ 1 as defined earlier in (2.3).

Define d,=c,— (1 -0} w, ., for T=t 21+ L. This represents consump-
tion in excess of interest on the wealth the agent has at the beginning of
time 7+ 1. Simple algebra shows that

T
wT+l=wr+l+ Z 5£7T_!(Sr_dr)' (64)

t=1+1
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Consequently, the agent’s preferences at time t over future action-
consumption streams can be represented by

~u((1—5)w1+1){ S Suld,—u(e)]

t=7+1

+5T+1(1—5)"‘u[(1~5) 5 6"T1s,—d,)]}, (6.5)

t=1+1

where u(w)= —exp(—rw). To establish (6.5) we have used the fact that
u(ab)= —u(a)u(b) as well as the representation (4.6) and (6.3) of the
agent’s utility function.

Given a probability distribution P over action-payment streams, we
compute V,, (P|z') (see (4.5)) by maximizing (6.5) over consumption
plans, or equivalently over d. From (6.4) and (6.5), the agent’s expected
utility takes the form u((1—90)w,, ) Ex[ f(d)] for some function f(-). So
his maximal expected utility takes the following form for some function
H(-):

Vi dPl2')=ul(1-06)w., ] H(P). (6.6}

Assumption 5 follows immediately from (6.6). In intuitive language, the
agent’s preferences over distributions P are fully determined by H(P),
which does not depend on z'. With additively separable utility, history
affects current preferences only through wealth effects. In deriving Eq. (6.6)
we have established that, with exponential utility of periodic consumption,
wealth effects are absent, too, so preferences are common knowledge.

Assumption 6 also follows from (6.6). A reduction of a fixed amount in
the agent’s compensation in any period (say, the first) does not affect his
preferences over lotteries. Hence, such a change preserves incentive-
compatibility, lowers the agent’s utility, and raises the principal’s expected
profits. This shows that the initial utility frontier is downward sloping, and
a similar argument applies to renewal dates. Q.E.D.

In view of Theorem 4, the conclusion of Theorem 3 applies when
Assumptions 1-4 and 7 hold. We can obtain stronger conclusions by
strengthening Assumption 4 as follows.

Assumption 8 (History-Independent Technology). For all 0<1<7T,
F(x,e'" ', x'""! e)=F/x,|e,). There are no signals.

Assumption 9 (Stationary, History-Independent Technology). For all
0<t<T, F(x,|e' ', x"7', e,)= F(x,|e,). There are no signals.

According to Assumption 8, the outcome at date ¢ depends on date ¢
actions alone, and not on past outcomes or actions. We take this assump-
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tion to be a tolerable approximation for the work of a laborer engaged in
a repetitive task, where the outcome of each successive operation affects the
quality of one particular item, or the effort exerted over each item affects
the time to completion for that item. The assumption might also apply to
one who sells consumer goods, abstracting from any unobserved
investments the salesman may have to make in such things as his reputa-
tion, knowledge of the stock and current styles, etc. For such situations, the
optimal incentive compensation schemes are modified piece-rate or com-
mission rules, in which the commission rate or picce-rate may vary over
time. It is obvious that when such rules are optimal, there is no gain
from having a long-term employment relationship. With the additional
Assumption 9, requiring that the environment be stationary, a standard
commission or piece-rate scheme emerges as optimal.

THEOREM 5. Suppose that Assumptions 1-3, 7, and 8 hold and that there
exists an optimal long-term contract. Then there is an optimal contract for
which

(i) current instructions and payments do not depend on past perfor-
mance: e (z' 'Y =e, and 5,(x")=5,x,),

(ii) the principal’s expected profit in every period is zero, and

(iil) action and payment plans are identical to those in the optimal con-
tract that would be offered in the “one-period problem” in which the agent
retires at the end of the initial period (T =0) and the available technology is
that of period t.

COROLLARY. Suppose, in addition to the hypotheses of Theorem 4, that
Assumption 9 holds. Then there is an optimal contract in which, for all t,
e,=eqy, and s,(x'y=s(x,). Thus the net present value of the agent’s total
compensation when he retires with history z" is

T
Y 8's(x,).
t=0

Proof of Theorem 5. Assumptions S and 6 are implied by Theorem 4
and Assumption § is implied by Assumption 7. Applying Theorem 3, there
is a sequentially optimal contract 4. By Assumption 7, the efficient frontier
EF(z‘) is (up to an affine rescaling) independent of the past, and hence 4
can be chosen to be history-independent in the sense (i). Part (ii) follows
since 4 is sequentially optimal.

In view of conclusion (i) and (6.6), the agent’s maximal expected future
utility at the beginning of period 7+ 1, if his current wealth is w,_, ,=w
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and he is employed under the sequentially efficient contract 4, is
expressible as

Max u(c—v(e. . 1)) + OE{u[(1—8) 6 "' (w+h(P)—c+5.,4(x.41))]}

= H(P) Max u(d—v(e, ) +SE{u[(1=08) 0~ (—d+s,1(x.41))]},
(6.7)

where P is the probability distribution of future incomes and efforts under
4, h(-) is defined by H(P)= —u[ (1 —&)(w + A{P))], and we have made the
change of variables d=c¢— (1 —6)(w+ A(P)). In view of (6.7), the agent’s
preferences over action-income lotteries (or short-term contracts) for
period 7 + 1 does not depend on T, the continuation lottery P, or the date
T+ 1, except through the technology specified for the date. Obviously, the
same is true for the principal’s preferences. Hence, the efficient action and
payment plans in 4 only depend on the period ¢ technology, and (iit) is
verified. Q.ED.

The optimal contract specifies the employee’s actions each period as a
function of the current technology and his compensation as a function of
the current outcome {which depends only on the current action). The con-
tract requires no “memory”, and the ability to provide correct incentives in
this model is not enhanced by having the employee write a long-term con-
tract (or have a long-term relationship) with the employer. Further, each
period’s contract is the same as it would be if this were the only period in
which the agent worked; hence repetition in no way helps to ameliorate the
single period incentive problem. We should emphasize that these “one-
period contracts” are not the same as those which would be optimal if the
agent only lived for one period; even when the agent works only one, he
lives (and consumes) infinitely often.'*

The Corollary asserts that when the environment is stationary the
agent’s aggregate compensation depends on the total number of times each
possible outcome has occurred, corrected for discounting. Thus the optimal
contract is linear in suitably defined accounting aggregates. (Caution: this
does not mean the contract is linear in, for example, the total dollar
volume of the agent’s sales, but rather that it depends on the number of
sales of each possible dollar amount.) This result corresponds to the result
on aggregation over time obained by Holmstrom and Milgrom [15] for a
mutltiplicatively separable exponential specification.

13 Actually, one can show that (i)—(ii) of Theorem 5 continue to hold even when the agent
is finitely lived after retirement. In that case, (iii) fails because the agent’s preferences over
contracts depend on the length of his remaining lifetime. The optimal compensation scheme
for each period will then depend both on the current technology and on the number of
periods of remaining life.
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7. SMALL DISCOUNT RATES

It is of interest to relate our conclusion, that short-term contracts may
be optimal, to the literature on “folk theorems” in infinitely repeated
principal-agent games (Radner [21,22], Rubinstein [25] Fudenberg,
Levine, and Maskin [7]). These papers show that when there is little or
no discounting, efficient (first-best) payoffs of the one shot game can be
approximated by the normalized discounted payoffs of a perfect equi-
librium of the repeated game. In other words, in a long-term relationship
agency costs are negligible if players are sufficiently patient. For this to be
consistent with our results, it must be that if our banking assumption is
added to the repeated game models, asymptotic efficiency can be attained
by a series of short-term contracts. We will show that this is indeed the
case.

Intuitively, the agent is quite tolerant of single-period risks when o is
close to 1, because by smoothing he can translate large periodic income
variations into small changes in his periodic comsumption. To illustrate,
consider our exponential model. Let T=0 so that the agent only works in
period 0. His consumption in all future periods will be (I —J)w, and his
lifetime utility u(c,—eg) + (3/(1 — )y u((1 — o) w,). His indirect utility for
period 1 wealth is thus «((1 — &) w,), which has a coefficient of absolute
risk aversion equal to (1 —4)r (cf. (6.2) and (6.3)). For o close to one, the
agent is almost risk neutral with respect to income at date 0. As one might
expect, the first-best outcome can then be approximated by a contract
So(xq) =mg, in which the agent is fully responsible for the consequences of
his actions. The fact that the agent acts only once and yet first-best can be
approximated arbitrarily closely, serves to underscore that, in our model
repetition does not alleviate incentive problems because of improved
monitoring.

In a finite horizon model without productive actions, Yaari [29] proved
that, as the number of periods grows, a completely patient consumer can
approach the full insurance outcome (in average utility) by smoothing his
consumption. Following Yaari’s basic logic, we can generalize the exponen-
tial case discussed above. Consider an infinitely repeated game with
stationary, history-independent technology F(x,|e,). Let n,(x,)=x, for all
t and assume that F(-|-) has compact support. As is standard in the
repeated game literature, we normalize the agent’s utility function U in the
repeated game (and throughout this section) so that payoffs in the repeated
game are measured in per period terms:

U=(1-8)Y 6'ulc,e,).
=0

Let e* be the agent’s level of effort in the first-best optimal contract, let
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x*=min{x|xesupport F(x|e*)}, and let m* = E[x|e*], We assume that
it is feasible for the agent to consume any c, = ox*.

Now we introduce the bank. In previous sections we assumed that the
agent could not obtain new loans once he retired. The formalization of
banking constraints in the infinitely repeated model is more delicate. The
obvious formulation is that the agent’s wealth be non-negative “at infinity,”
but it is hard to say how this type of constraint could be enforced. Instead
we use a more restrictive constraint; we require that the agent is never
allowed to borrow, ie., that he is restricted to consumption plans along
which his wealth w, is a/ways non-negative. We assume w,=0. With these
model specifications we can prove the following:

THEOREM 6. Let the principal pay the ageent s,(x,)= X, in every period.
Then for every ¢>0, there exists a 3(e) <1, such that the agent can ensure
himself a utility level u(m*, e*)—¢ for all 6 > 6(¢).

The proof is in the Appendix. The idea of the proof is to construct a
strategy which guarantees with high probability that the agent is able to
consume approximately the mean output in every period after a finite
number of periods. The strategy specifies that the agent chooses an efficient
effort level and consumes close to the mean output unless wealth falls
below a critical level in which case he consumes the minimum output.
Wealth under this strategy will follow a submartingale with bounded
increments. Therefore with a probability arbitrarily close to one, the agent
will eventually stay above the critical wealth level for all periods to come.

Fudenberg, Levine, and Maskin [7] prove folk theorems for general
classes of repeated games with moral hazard which include principal-agent
games as a special case. As they explain, their results imply that when
players are patient, there is no conflict between the need to provide incen-
tives and the desire to insulate players from risk. This is not to say that risk
aversion is unimportant when players are patient: If two players must share
a risky endowment stream and do not have access to a storage technology,
then even in the limit as § — 1 they cannot do as well as with a deter-
ministic endowment stream of the same expected value. Note also that
while a risk neutral principal could serve as a substitute for a bank, the
principal’s promise of future rewards is only credible if equilibrium
strategies make honoring his promises a best response.

8. EXTENSIONS AND APPLICATIONS

Elimination of Third-Party Banking

In a recent paper, Rey and Salanie [23] have demonstrated how, in a
certain class of environments, long-term commitments can be supported by
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a series of short-term contracts. Their essential idea is that long-term bank-
ing arrangements can be supported by a series of shorter term contracts in
which the deposit (or loan) is rolled into a new deposit (or loan) as desired
at the start of each period. Thus, in our model, if we allow the agent to
make a deposit (or loan) with the principal from the end of period ¢ to the
beginning of period r+1 for each ¢, our conclusions about short-term
contracting could be extended to the case where there is no third-party
banker. Note that in this case consumption is effectively observed, since the
principal can observe the agent’s deposits and withdrawals.

We wish to stress that a sequence of short-term contracts need by
no means be “simpler” that the corresponding long-term contract. The
labor contract model in Harris and Holmstrom [11] provides a good
illustration. The optimal long-term contract is a simple wage guarantee. In
principle, the same wage guarantee could be achieved by a sequence of one-
period contracts in which the firm acts as a short-term insurer and banker,
but evidently such an arrangement would be more complex and cumber-
some.

Multiple Agents

Joint production, in which several agents contribute to the success of
an enterprise, is a natural extension. Under conditions similar to those
specified in the preceding sections, efficient contracts can always be
replaced by equivalent sequentially efficient ones.

The analysis is somewhat different when the “principal” works, and so is
in effect another agent. It is well-known that in one-period models, joint
production of this sort can lead to free-rider problems (even with all parties
risk neutral), if one requires that all returns be distributed among the
productive agents (see Holmstrom [14]). It can be shown that if compen-
sation rules are subject only to the weaker constraint that the total
compensation in any period not exceed that period’s gross revenues (with
the balance being effectively disposed of, for example by a “charitable’
contribution) and if natural analogues of the Common Knowledge and
Decreasing Utility Frontier conditions hold, then for every efficient
contract there is an equivalent sequentially efficient one. Consequently,
long-term contracts and relationships do not help to solve the free rider
problem.

Incomplete Contracts

Our analysis is of relevance for the emerging literature on incomplete
contracts (Williamson [28], Grossman and Hart [10]), because it
identifies a range of cases in which short-term contracts are sufficient to
support efficient arrangements, even when imperfectly observed long-lived
investments are required. Hence, our analysis does not support the
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common argument that relationship-specific investments must always be
protected by long-term contracts in order for proper investments to be
made. This point is developed more fully by Crawford [4] and Milgrom
and Roberts [20].

9. CONCLUSION

In the introduction we motivated our study in terms of the observed
variety in incentive schemes used for different types of workers. Why are
managerial workers paid differently than salesmen or factory workers? We
have found an answer in the information conditions of their work. Many
more of the activities of managers than of factory workers or salesmen
contribute directly to future production in ways that are not reflected in
current performance measures. Long-term contracts, which await the
arrival of additional information on current activities, are important in
managerial contracting but not in contracting with workers for whom
current observations are sufficient for evaluating current performance.

Our formal analysis has considered lifelong and single period contracts,
but most actual employment contracts are of more moderate terms. What
can be said about the relationship between the length of contracts and the
extent of information lags? Our results suggest an obvious conjecture: The
benefits of extending contract length are positively related to the length and
extent of the information lag. Consequently, one would expect contracts to
be designed to balance the gains from incorporating all the information
relevant to the current contract period against the costs of lengthening the
contract term. Similarly, our analysis suggests the conjecture that employee
turnover in jobs that do not exhibit substantial information lags is higher
than in jobs that do. Further development of our model will be needed to
generate a set of testable hypotheses of this sort.

APPENDIX

Proof of Theorem 6. Fix 6 < 1. For any 8>, one feasible strategy for
the agent is to choose the first-best action e,=e* and, for any fixed
y = (0, m* — x*), to consume according to

A {m*—yé_‘_(l_é) Wiy if Wtz(m*-lf*)/(i
I=

SXx*+(1—8)w,+(1—=8)m*,  if w,<(m*—x*)s. AD
!4 Note that when long-term contracts are desirable, the question about the parties’ ability
to commit not to renegotiate them becomes important. For instance, if a manager’s contract
were conditioned on information that arrives after he retires, then as in Example 1 of Section 3,
there would be a desire to renegotiate the deal upon retirement. Fudenberg and Tirole 8]
note that renegotiation threats may explain why managers, unlike workers, frequently are
offered a choice from a menu of compensation schemes (because of adverse selection).
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In (A.1), when y is small, the agent consumes close to his mean income
plus the interest on his wealth, unless his wealth level falls precariously low.
Note that with this plan of consumption the agent’s wealth will follow a
stochastic process {w,}. Mean wealth will progress according to

Wity it w, > (m*—x*)/d

'+ (m* —x*)/6 if w, < (m*—x*)/6. (42)

E[w .\ le* w, h’]={

So E[w,, le*, w, h']=w,+min{y, m* —x*}, that is, {w,} is a submar-
tingale with drift bounded away from zero. Since the increments of w,
are uniformly bounded for de (4, 1) (because F has compact support),
there is for all pe(0,1) a finite T(p) such that for all de(§,1),
Prob{w,> (m* — x*)/5 for all t> T(p)} >1— p. Hence, the agent’s utility
from working efficiently and following the consumption plan in (A.1) is at
least

(1= p) 87 u(m* — 3, e*) + [1 — (1 — p) 6™ T ufx*, e*).  (A3)

By inspection of (A.3), for all £> 0 there exist p, y and d(e) such that the
bound (A.3) exceeds u(m*, e*)— ¢ for all § > d(e). Q.ED.
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