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LIMITED-LIABILITY CONTRACTS
WITH EARNINGS MANAGEMENT

ABSTRACT

Numerous principal-agent situations of interest to accounting involve limited liability by
the agent. We explore thisissue when the outcome is mutually observable (MOC) and when it is
not and the contract is based instead on the agent’ s report (NCC). We find that when outcome is
not observable, the effect of limited liability depends on the level of limited liability: when low —
no effect; when medium —the principal fine-tunes payments based on a post-outcome imperfect
public signal to compensate for the loss in flexibility caused by the agent’s limited liability; when
high —the agent’ s expected utility exceeds his reservation utility level and the public signal’s use
islimited. Next, we invoke the revelation principle and examine an incentive-compatible contract
(RPC). Interestingly, RPC coincides with MOC when the limited ligbility is low and resembles
NCC when limited liability is either medium or high. In addition, the impact of limited liability on

the demand for earnings management is examined.

Key words: Limited liability, principal-agent game, report manipulation, unobservable -outcome
contract, earnings management.



For atruly positive theory of contracts, a more reasonable assumption is
that buyers and sellers operate in an environment of limited liability
(Demougin and Garvie, 1991, p. 478).

1. INTRODUCTION

Many problems in accounting have been studied as principatagent® contracts.?
Surprisingly, while limited liability is an indispensable feature of principa-agent contracts
between creditors and shareholders, between managers and stakehol ders, and between employers
and workers, negligible attention has been given to the effect of limited liability on the shape, and
the resulting payoffs, of the principal-agent contracts.

In this study, we characterize the effect of the agent’s limited liability on the equilibrium
one-shot principalagent contracts.* We distinguish between two types of settings: In the first,
both principal and agent observe the outcome, so that the outcome can be incorporated into the
contract’ s base. This contract characterizes, as an example, the situation in which the agent isa
cost/revenue or profit center, and all costs/revenues are traceable to the agent. In what follows, we

refer to the contract based on a mutually observable outcome as MOC.

! Since outcome depends on both effort and chance, the principal cannot perfectly infer the agent’ sefforts. A given
level of effort givesriseto aprobability distribution of outcomes. The standard assumption isthat higher effort
increases thelikelihood of higher outcome in afirst-order-stochastic dominance sense (see, e.g., Holmstrom (1979)).
2 See, e.g., Baiman and Demski (1980a) on the design of control systems; Baiman and Evans (1983) on the val ue of
communication of pre-decision signal; Kim and Suh (1991) on the design of accounting information systems; Evans
and Sridhar (1996) on the internal demand for earnings management; Baiman, Evans, and Noel (1987) on the
optimal contracting with an auditor; Demski and Sappington (1993) on outsourcing; Christensenand Feltham (1997,

1999) on the value of communication and the design of performance measures; and Baiman and Rajan (1998) on

optimal cost targets.

3 Onepossible explanation isdueto Mirrlees (1974). When the agent’ s utility is unbounded from below, as inthelog
family utility functions, the principal can threaten him with an extremely harsh penalty upon observing alow

outcome to induce him to exert first-best effort. Limited liability boundsthe agent’ s utility from below. Hence,

limited liability that prevents extremely harsh penalties, but does not affect payments of the second-best contract, is
assumed implicitly by any study that characterizes the second-best equilibrium. Inthisregard, our work extendsthe
research into limited liability ranging from minus infinity to an arbitrarily large positive level.

4 Liability of minusinfinity capturesthe special case in which the agent does not have limited liability.



In the second setting, we relax the assumption that outcome is observable and replace it
with aweaker assumption that the agent alone observes the outcome and the contract is based,
instead, on an imperfectly audited report. The agent therefore can “manage” the report with some
success. Thisisthe case, for example, for firms whose managers (the agents) release public
reports to shareholders (the principals). There is ample evidence that managers receive bonuses
based on the accounting numbers (see e.g., Healy (1985)) and that firms*manageearnings’ (see,
e.g., Ronen and Sadan (1981) and the recent survey by Healy and Wahlen (1999))). In this
setting, we distinguish between two contracts: in the first, the communication channels between
the principal and the agent are blocked after the contract’ s design stage (NCC) > in the second,
communication is not barred. When the principal and the agent can communicate after the agent
learns the actual outcome, there are many possible mechanisms. For example, the principal and
agent can renegotiate the contract, or the agent could send a message to the principal only when
the news is bad, etc. To resolve this multiplicity of contracting options, we invoke the revelation
principle, which states that there is no loss of generality in restricting analysisto adirect truthful
mechanism (i.e., the principal designs a contract that induces the agent to send him truthful
messages). That is, the principal designs arevelation contract (RPC). Note that because the NCC
emerges when information channels are prohibitively costly, unlike RPC, the revelation principle
cannot be invoked to characterize the payoffs of the principal and agent in NCC.

We solve for the three contracts: MOC, NCC, and RPC. The main findings are: (1) In
MOC there is a threshold liability level, L*, such that all agents with higher limited liability enjoy
arent (i.e., the agent’s expected utility exceeds his reservation utility level); we show that the
more difficult it is to induce the agent to exert effort, the higher the rent. (2) When outcome is not

observed by the principal, then, only when limited liability does not exceed a critical maximum

5 Thisassumptionis prevalent in the earnings management literature (see Evansand Sridhar (1996), Arya, Glover,
and Sunder (1998), and the discussion in Christensen and Feltham (1998)).



threshold, L*, (and only then) the cost to the less-informed principal of earnings management can
be completely avoided through t he design of a contract that invokes the revelation principle. That
is, the payoffs of MOC coincide with the payoffs of RPC when limited liability is sufficiently
low. The only difference between the two contracts lies in the role of an imperfectly audited
report of outcome: It isredundant in MOC but it is essential in RPC to induce the agent to tell the
truth; (3) When limited liability exceeds this critical maximum threshold, the structure of the
revelation contract (RPC) changes, and now resembles that of NCC. Specifically, both contracts
will include a post-outcome imperfect public signal as an argument in the compensation function,
and some of the payments will coincide. The principal fine-tunes payments based on the post-
outcome signal to compensate for the loss in flexibility caused by the agent’s limited liability.
For some limited-liability levels (that exceed L*), the principal thus pushes the agent closer to his
reservation utility level.

Earnings management is a mainstream issue in accounting; Levitt (1998), for example,
expressed alarm at the practice of earnings management, because it reduces the quality of the
accounting reports with adverse consequences for the strength and the success of the U.S. capital
markets. (See also Dechow and Skinner (2000)). Our analysis contributes insights to that part of
the earnings management literature concerned with the internal demand for earnings management;
i.e., the contracting value of earnings management in the context of the principalagent
relationship (see e.g., Evans and Sridhar (1996)). Because the revelation principle allows
researchers to restrict attention to truth-telling equilibria, studies of earnings management have
made assumptions that violate this principle. In a one-shot game, where the principa’s
commitment not to use the agent’ s revelations against him is not an issue, two such violations are

commonly assumed.



The first is barred communication (see, e.g., Demski (1988) and Newman (1998)). Our
analysis here demonstrates, however, that limited liability can induce earnings-management
payoffs even when the communication between principal and agent after the outcome is realized
IS not barred.

Arya, Glover, and Sunder (1998) note that a second violation involves restrictions on the
shape of the contract. In Healy (1985), for example, the contract is capped from above and from
below. Inrepeated relationships, such contracts induce managers to manage earnings by “taking a
bath.” A plausible reason from a contract to be capped from below is the manager’s limited
liability. In this regard, our study is an exploration of the extent to which limited liability
constitutes a constraint on the shape of optimal one-shot contracts that givesriseto an internal
demand for earnings management.®

To the best of our knowledge, Sappington (1983) first analyzed the effect of the agent’s
limited liability on the principalagent contract. As is well known, when a principal contracts
with a risk-neutral agent with unlimited wealth, a first-best contract is feasible by selling the
enterprise to the agent, thus imposing all risk on the agent [Harris and Raviv (1979)]. Sappington
shows that the first-best contract is no longer feasible when the agent has limited liability. This
result was exploited by Antle and Eppen (1985), Fellingham and Y oung (1990), Arya, Glover,
and Sivaramakrishnan (1997)) and othersto derive insights into accounting issues, modeling the
problem as a second-best principalagent game with a risk-neutral agent, whose limited liability
protects him from bankruptcy.

Innes (1990), Park (1995), and Kim (1997) have analyzed similar situations. Innes finds

that a debt contract is optimal when both principal and agent have limited liability. Park and Kim

® For instance, apenalty contract can induce truthful full disclosure at no cost to the principal. In contrast to Penno
(1987), who specifies such penalty aswould generate negativeinfinite utility for the agent, we show that milder
penalties, which might even amount to a small positive transfer from the principal to the agent (generating positive
utility for the agent), can achieve atruthful equilibrium.



find that a bonus contract can achieve the first-best under some conditions on technology. They
explain the apparent inconsistency with Sappington’s study as a matter of assumptions:
Sappington assumes that the agent exerts effort after he observes a productivity-related signal,
while they place the exertion before the observation. Basu (1992) and Sengupta (1997) derive
similar results in a somewhat different setting: Basu studies moral hazard in the choice of

technologies, and Sengupta extends this model by studying moral hazard in both technology
choice and effort. Pitchford (1998) studies a similar framework, allowing the bargaining power to
vary with the agent’s limited liability (in contrast to the standard model, which assumes that all

the bargaining power lies with the principal). He finds that a first-best scheme becomes attainable
only when all the bargaining power lies in the hands of the agent. The intuition of this result is
that in this case the agent bears all the risk, as required by Harris and Raviv’'s scheme. Demski,

Sappington, and Spiller (1988) extend the multiagent model of Demski and Sappington (1984) to
an environment in which the agents have limited liability on the level of payments. They find

that the first-best solution is more likely to be feasible if the limited liability is small relative to

the agents’ reservation utility.’

! Additional papers study the effect of limited liability on the contract when the principal faces an agent of unknown
type[Lawarrée and Van Audenrode (1992, 1996) and Demougin and Garvie (1991)]. Lawarrée and Van Audenrode
(1992) analyze the effect of the agent’ slimited liability on the principal’ s ability to extract afirst-best allocation from
an agent of unknown type by stochastic auditing. They find that limited liability renders auditing too costly, because
the penalty for misrepresentation (triggered by theaudit) must be balanced by atransfer totheagent to keep thelatter
at hislimited liability’ s level.

Lawarrée and Van Audenrode (1996) study amodel with an unobservable outcome. They find that, because the
principal and the agent are risk-neutral, the unobservability of the outcomeisnot an obstacleinitself to achieving a
first-best outcome, unlessthe agent isalso protected by limited liability. Inthelatter case, the high-productivity
agent exerts less than the first-best level, and both high-and low-productivity agentsearnrent. Their resultsdepend
crucially on the imperfection of the‘lie detector type’ monitoring technology. In particul ar, because the principal
cannot distinguish between a high-productivity agent shirking and ahigh-productivity agent mistakenly accused of
shirking, he has an incentive to reduce the effort of the high-productivity agent.

Demougin and Garvie (1991) analyze the effect of limited liability on the principal-agent contract when the risk-
neutral principal contracts with a risk-neutral agent of unknown type and he can use an ex-post signal correlated with
the agent’ sprivate information in contracting. They study afew scenarios, characterizing for each the optimal
mechanism design, which turns out to have aunique shape, regardless of thelevel of limited liability. They offer a
number of interesting insights. Previous studies report the puzzling finding that the contract’s efficiency is
independent of the quality of the ex-post signal. Demougin and Garvie show that when the agents’ paymentsare
protected by limited liability welfare and production increase in the information content of the signal. They also



Our paper is different from these papersin that we analyze a second-best scenario because
the agent is risk-averse. Hence, we find that the difficulty of inducing the agent to exert effort
exacerbates the effect of the agent’s limited liability on the costliness of the contract, while the
above studies are concerned with the feasibility of afirst-best allocation. Second, in contrast to
the literature that assumes that limited liability renders some payments infeasible, we give full
characterization of how the contracts vary along the range of limited liability. Third, we offer a
comparison of contracts that are different in the information available for contracting across a
given level of limited liability: in MOC the outcome is observable, in NCC it is not, and in RPC
it can be elicited from the agent at some nonnegative cost.

The paper proceeds as follows. Section 2 presents the model. Section 3 analyzes MOC.
Sections 4 and 5 analyze NCC and RPC, respectively. Section 6 summarizes our findings and

offers our conclusions.

2. THE MODEL
The game includes a risk-neutral principal and a risk-averse, work-averse agent, with
limited ligbility, L, L T (-¥, L]. The agent exerts unobservable effort, a,a 1 {a1,a2}, where
a1< az. Jointly with nature, the agent’s effort determines the unobservable outcome, x, whichis
either bad, B, or good, G; i.e,, x1 {B,G}, B<G. The probability of x = G when effort isa;j is
denoted by €. Asis standard in principal-agent games, we assume that thaté, < e,: the higher

the agent’s effort, the higher the expected outcome.

characterize the casein which limited liability takes the form of protect ion of theagent’ sprofits(salary minuscost of
effort), finding that first-best solutionsthat are feasible when limited liability covered paymentsonly isno longer
feasible, and that the information rent of the agent increasesin the private cost of exertingeffort. Themain
difference between thisstudy and ours, apart from the fact that in our model the principal knowsthe agent’ stype, is
that wefind that limited liability affectsthe contract’sformula. It [imitsthe principal’ s ability to useinformation
variablesto alleviate the report -management problemin NCC; it limitsthe principal’ s ability to threaten the agent
with an appropriate penalty in RPC.



The agent does not report outcomedirectly to the principal. Instead, after he learns the

actual outcome, the agent submits a preliminary report to a third party — an imperfect monitor

(such as an auditor), who examines it and prepares areport, », 1 {B,G}, for the principal. The

agent’sstrategy, d, is either to communicate the truth, T, or to misrepresent, T, d:x ® {T,T% I

{B, G}. The audit technology has a one-sided error. If the agent chooses truth-teling, the report

istruthful for sure, 1 = Pr(r=x%aT), and if he does not, the monitor discovers the truth with some

positive probability, p, p=Pr(r=x¥a°), where ¥<p < 1.

The time-line of main events is as follows:

Date 1:

Date 2:
Date 3:
Date 4:

Date 5:

Date 6:

Date 7:

The principal hires an agent with limited liability L and designs his contract.

The agent chooses effort, a.

The outcome, x, is realized and observed by the agent alone.

The principal and agent can contract again, either directly or indirectly.

- The agent communicates the outcome to an independent monitor, who issues a

public report, r.

- A public signdl, s, imperfectly correlated with the outcome, is now available, s,
s1 {¢n}, ¢ forlow and % for high. In particular, Pr(s=hx=G) = Pr(s=(=B)=r >
Pr(s=hx=B) = Pr(s=¢ x=G) = 1-r .

The agent is paid and quits.

The principal collects the residual outcome (outcome less payment to the agent).

8 Such an audit technology istypical in monitoring systemsthat look for exceptions and unusua findings. Itis, for
example, representative of the audit technol ogy of independent auditors. For avaluabl e discussion of thispoint,
consult Schwartz (1997).



Note that the principal learns the actual outcome long after the agent has | eft, so he cannot
use this knowledge to induce the agent to report truthfully.

The principal maximizes the expected residual outcome. The agent has a utility function
that is separable in monetary income, W(.), and effort, -V(a), where W is a von Neumann-
Morgenstern utility function with W¢>0and W@ < 0, and the disutility of the agent over effort
is an increasing, strictly convex function, V¢ >0and V@ > 0. The agent can obtain expected
utility of Wo in an aternative job. The agent enjoys limited liability in that no payment in the
contract can be lower than athreshold level, L. L ® -¥ capturesthe special case in which the
agent does not have limited liability.

We assume that the principal wants to motivate the agent to exert the higher level of
effort; that is, the cost of inducing the agent to exert greater effort is lower than the resulting
increase in the expected outcome, [¢, - &,][G-B].

We find the equilibrium contracts by solving the principal’ s program when he designs the
contract with the agent. We look for efficient contracts that maximize the principal’ s expected
payoff subject to the following constraints:

The agent iswilling to contract because the contract guarantees him at least his reservation

utility, Wo. That is, EW(.) —a» 3 Wo.? (PC)

The agent is induced to choose the higher level of effort.

That is, E (W(. 8a2)) —V(az) 3 E (W(.&x1)) —V(a). (MH)

The limited liability of the agent is satisfied. That is, for each payment Z,

W(Z) 3 W(L). (LL)

9 Similar to the literature, we assume that the reservation utility of the agent doesnot vary with hislimited liability.
Such an assumption makes the comparison among different limited-liability contracts meaningful.



In what follows, for parsimony, we will use the same notation for the Lagrange multipliers

of these constraintsin our three different programs. Specifically, | ,mand | arethe Lagrange

multipliers of (PC), (MH), and (LL), respectively.

3. THE MUTUALLY OBSERVABLE OUTCOME CONTRACT (MOC)

In this section, we analyze the contract when the outcome is mutually observable, M,
M:x"s ® R, henceforth referred to as MOC (Mutually Observable Outcome Contract).

The principal has two pieces of data available for contracting: the outcome, x, and the
post-decision signal, s. Since the latter is a noisy signal of the outcome, by Holmstrom’s (1979)
informativeness principle, it is redundant for contracting. The principal then solves the following
M -program:

(M) Max E (x — M.éay)

M(x)

S.t.

(PC), (MH),and (LL) obtain.

The solution of this contract is characterized in the following lemma.

LEMMA 1:
Designate a critical limited-liability level, L* = W,+V (a2)-g2v. In equilibrium,
(@) If L <L*, MOC is characterized by two payment levels, Mg and Mg:
Me=WHW(M(B)) +v),

Mg =WH(Wo+V (a2)-gov) < Mg,
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V(a,) - V(a)
éz - él

where v =

(b) If L 3 L*, MOC is characterized by two payment levels, Mg and Mg:
Mg = WHW(L)) +v),

Mg=L < Mg.

The unlimited liability contract isawell-known result (e.g., Ma (1991)).%° In the limited
liability contract the lowest payment, Mg, must be set at the limited liability level, because the
payment dictated by the first-order condition is rendered infeasible by the agent’s limited liability.
In both cases, the agent is paid more for G than for B, to induce him to exert effort.

The difference between payments for a good and a bad outcome, measured in utils, equals

V:M. the higher v, the larger the gap between Mgand Mg, which implies that the
e,- e

contract is more risky and, hence, more costly to the principal (for aformal proof of this statement
consult, e.q., Tzur and Y aari (1999)). In what follows, we treat v as a measure of the difficulty in
inducing the agent to exert high effort: the larger the gap in the agent’ s disutility from exerting
high effort, V(a2) —V(a1), and the lower the sensitivity of the outcome to the agent’s effort,

2

gz-qu'? the higher v is

1910 seetheresult cl early, note that (PC) can bewritten as: &, [W(M(G))-W (M(B))] + W{(B))-V(a2) =Wo, and
the (MH) constraint, after rearranging, becomes: W(M(G)) - W (M(B)) = v.
et W(z)=2"2, W, =9.25,V(az) = 0.75and V(a1)=0, &,=0.65, & = 0.55. Then, in the unlimited-liability

contract, M(G) = 159.39, M(B)= 26.26, and the expected contract’scost is112.80. More numerical examplesare
provided below.

2 Theni gher &,- &, themoreattractive exerting effort s, since the likelihood of agood outcomeishigher (and the
compensation isthus higher).
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Definition: The cost of limited liability, D, is the increment in the cost of the contracts due to a

binding (LL).

Disthe difference in the contract’s cost had the principal been able to offer the agent a
contract as characterized in part (@) of Lemma 1, instead of the contract that he actually offers him

because of the agent’s limited liability, as characterized in part (b) of Lemma 1.

PROPOSITION 1:

When the principal observes the outcome and the limited liability of the agent affects the
contract,
(a) then limited liability increases each payment, Mg and Mg, and the agent’s expected
utility exceeds his reservation utility level.
(b)  thenthemoredifficult it isto motivate the agent to exert effort, the higher the cost of

limited ligbility; i.e, D, increasesin v.

Proof: See Appendix.

Limited ligbility increases both Mg and Mg: the low payment, Mg, is set at the limited-
liability level, and the utility over the high payment, W(M ), exceeds the utility over the low
payment, W(Mg), by v to provide the agent with incentives to exert effort. Furthermore, the
more difficult it is to motivate the agent to exert effort (i.e., the higher v), the higher must be the
good-outcome payment, Mg, so limited liability is more costly. The intuition of this result liesin
the agent’s risk-aversion. Since his marginal utility is a decreasing function, the larger v, the

larger the good-outcome payment, Mg, that is required to guarantee the agent the required utility
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level, W(Mg), for agiven L. Since limited liability increases the low payment, it exacerbates this

eff ect.

4. THE UNOBSERVABLE-OUTCOME CONTRACT WITH NO OPEN
COMMUNICATION CHANNELS

In this section and the following one, we assume that the principal does not observe the
outcome. Since, in principle, contracts must be based on mutually observable variables, the
outcome can no longer be abasisfor the contract. Instead, the principal can use the audited report

on the outcome, r, and the public signal, s.

4.1. The no-communication contract (NCC)
In this section, we assume that communication channels are prohibitively costly, and the
principal and agent do not have any communication after the contract stage. We denote this
contract by C, C: " s ® R, henceforth referred to as NCC (No Communication Contract).

The following lemma is useful for setting up the principal’s C-program.

LEMMA 2:
(a) To motivate the agent to exert effort, his compensation for a good outcome is
strictly higher than for a bad outcome.
(b)  If acontract depends on the report nontrivialy (i.e., different reportsyield different
compensation), the agent will manage the report by always presenting to the

auditor a good outcome, G. That is, the agent’s strategy is:
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Proof: See Appendix.

Three circumstances give rise to “report management”:

Q) The outcome is unobservable — necessitating reliance on the mutually observable report.

2 Because of moral hazard, the agent’ s payoff varies with the reported outcome—inducing
the utility-maximizing agent to misrepresent when the truth does not yield the maximum
compensation.

3 The outcome is imperfectly verifiable ex-post — precluding €elicitation of the truth by the
threat of penalties, triggered by stochastic auditing.

Townsend (1979), Evans (1980)*%, Gale and Hellwig (1985), Baiman, Evans, and Noel
(1987), Border and Sobel (1988), and others have investigated principal-agent relationships with
unobservable outcomes assuming a perfect, costly monitor employed stochastically.'* We, in
contrast, assume a stochastic, costless, but imperfect monitor, which is arealistic assumption, for
instance, for public companies. Audits of financial reports are mandatory in many countries at
costs that are negligible relative to firms' values, but they rarely detect all misrepresentation.

The C-program that solves for NCC is:

Bin Evans (1980), the monitor detectsfaithfully both the true outcome and the unobservable effort of the agent. In
our study, it detects outcome only.

14 Baiman and Demski (1980b) analyze agame where outcomeisobservable, but itsdecompositioninto quantity and
pricevarianceisnot. The principal hasto decide whether to ex-post monitor the agent, costlessly, by acquiring
information on these variances. They show that the principal isbetter off committing to therange of outcomesto
trigger the variance analysis, rather than having the flexibility of making the decision after outcome isrealized.
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(C) MaxE., (x — Cpbuy)
{C.s}

S.t.

(PC), (MH), and (LL) obtain.

This program yields the following first-order conditions:

1 |+ 10

CGh |—: — — .
w'(Cg,) Pr(r =G, s =h)
YA . GL
CG,i—l =| +|(6 Q)+ )
- W(C,) Pr(r =G, s =)
N . BL
c, ‘1 - 10-] ’
W' (Cp) Pr(r =B)

whereQ = r -(1-p)(1-r )and p-O=1-r -(1-p)r .
We proceed in a piecemeal fashion. The following proposition analyzes the equilibrium

when limited liability does not affect the second-best contract.

PROPOSITION 2:

When limited liability does not affect the contract,

(@) the equilibrium NCC is atriplet, {Cs,C ;, Con}, Where Cgn> C;, > Cp.

(b) NCC is nmore costly than MOC.

Proof: See Appendix.

The analysis of NCC indicates that, as in MOC, when =B, the report fully reveals the

outcome and there thusis no need for the public signal. When »=G, however, the public signal is
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needed to filter the noisein the imperfectly audited report. Thisresult demonstrates that the less

the principal knows, the more information variables are likely to be useful for contracting.*®
The interesting issue here is how to interpret a combination of a good-outcome report with

alow ex-post signal that indicates a bad outcome. The algebra shows that the answer depends on

whether p -Q is positive or negative. This translates to the condition of existence of a critical

level of r relativeto p, fi= 21

3 > 5 such that when r islower the report is more credible than

the ex-post signal and hence the agent is paid more than the optimal risk-sharing arrangement
(indicated by | ). When r is higher, the public signal receives more weight and the report isless
believed. The agent is then paid less than the optimal risk-sharing arrangement to deter him from
not exerting high effort.

Previous papers have analyzed NCC (see, e.g., Evans and Sridhar's (1996)). The
incorporation of the potentially false report in the principalagent contract is interpreted as
establishing an internal demand for ‘earnings management.” These studies. however, do not
examine the effect of the agent’s limited liability on the contract. We explore thisfeaturein the

following proposition.

PROPOSITION 3:
There are two levels of limited liability, L<" and L, where L < L, such that:
(@) when L® < L%, the agent’s limited liability does not affect the contract. The equilibrium
contract is as characterized in Proposition 2. The agent’ s expected payments guarantee the
agent his reservation utility, Wo.

(b) if L £L £ L, limited liability determines only one payment, Cg,

15 | et the parameters be as in footnote 10, andr =0.8 and p =0.75. Then, CB :10.766,CG
The expected cost is: 117.64 > 112.80.

=100,andC . =176.39.
/ Gh
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L@ 8- 0 8 0
Coh= Wig—- —=W(C; )+ —W(L)z> C,,.
o WiEgT g MW
o= wi® K oL
Gy éPI’(FzG,S =0)Q -Pr(r =G,s =h)(0 -Q) g

where K =Q[Wo+ V(a,)- &1- &,)W(L)]- Pr(r=G,s = h)[v+W(L)].
The agent obtains an expected utility that equals his reservation utility, Wo, but limited

liability increases the contract’s cost to the principal.

(©) ifL>L"", Con= W H(W(L) +é) >C,, = C, = L. The agent obtains an expected utility,

W(L) + Pr(r=G, s=h) é that exceeds hisreservation utility, Wo, and the contract is more

expensive than in (b).

Proof: See Appendix.

Proposition 3 indicates how limited liability modifies NCC. If L is sufficiently low,
L < L, limited liability has no effect (case (). This, however, changes when limited liability
increases and determines the lowest payment, Cs. Now, the principa reduces C;, in order to
motivate the agent to exert effort, leaving the expected utility at his reservation utility level.

Reducing C;, isfeasibleaslongasC, exceedsL. AsL increases, L >L ", however, both Cs

and C, are set at the limited-liability level and the ex-ante expected utility of the agent exceeds
his reservation-utility level, Wo.

Note that in MOC, there are only two regions of limited liability, while in NCC, we
identify three distinct regions. If the level of limited liability is low, below L%, the NCC is

unchanged relative to the case of unlimited liability. Thisis aso the case in MOC when L < L*
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Also, there exists a range of higher limited liability levels where, even though the contract is more
costly to the principal, the principal pushes the agent to his reservation utility by fine-tuning the
components of the contract so that the agent does not enjoy arent. To compensate for the fact
that limited liability increases the lowest payment, the principal reduces the next to lowest

payment (until it coincides with the limited-liability level). This is made possible because the
principal incorporates into the contract an imperfect, post-outcome signal to filter the noise in the
report due to report management. This possibility, naturally, does not exist in the case of MOC.
When limited liability is sufficiently high, to exhaust this option, say at L “**, the use of the public

signal is restricted and the agent enjoys a rent; this parallels MOC when L > L*.

5. THE REVELATION CONTRACT

In this section, we analyze the contract between the principal and the agent when (i) the
outcome is observable only by the agent, and (ii) the principal and agent communicate after the
agent observes the outcome and before the auditor issues areport. This situation characterizes,
for example, the compensation decisions of CEOs. After an initial signing of a multi-period
contract, each year the compensation committee of the Board of Directors determines that year's
CEQO’ s compensation.

Since there are multiple possible mechanisms (as discussed in the Introduction), we invoke
the revelation principle, which states that without loss of generality we can restrict the analysisto

a game in which the principal induces the agent to honestly disclose what he knows to the
principal; the message is denoted by %, %1 {é,é} . Inwhat follows, we denote the contract by S,
S: X r" s® R, and refer to it as RPC (Revelation Principle Contract).

The principal designsS by solving the following S-program:
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(S) Max E(x-S(x,7,5))
S.a

S.t.

(PC), (MH), and (LL) obtain.
If x=G EW(Sa|%*=G) 3 EW((Sa|3=B). (IC.G)

If x=B, EW(Sa|%=B) 3 EW((Sa|%=G). (IC.B)

The new constraints are the incentive-compatibility constraints, (IC.G) and (1C.B), stating
that the agent (weakly) prefers to communicate the outcome truthfully to the principal. By
Lemma 2, (IC.G) is not binding, because, in order to motivate him to exert effort, the contract
must pay the agent more for G than for B.

When the agent observes B, however, he weighs the utility from achieving a B-based

compensation against the expected payoff from misrepresentation:

EW(S%% =B x=B) 3 (1-p)[(1-r) W(S,,) + I W(S,)] + pW(P(B)|=B). (IC.B)

On the left-hand side is the agent’ s payoff when he communicates the truth. On the right-
hand side is his expected payoff from misrepresentation. With probability of 1-p, his
misrepresentation will be successful and his payoff would be determined by the realized s, and
with probability p the auditor will discover the truth and the agent would pay a penalty amount
(or receive a reduced payment), P(B).

We start with characterization of the contract when limited liability isnot an issue. In this
case, the principal can increase the penalty by as much as he wishes. There are an infinite number

of such penalties that elicit the truth from the agent while (1C.B) is not binding, because:
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W(M,)- (1§)W( M),

P(B) < W( 5

).

When (I1C) are not binding, the S program and M-program are identical. We therefore

obtain the following result.

PROPOSITION 4:

(@) The RPC contract, S, contains only two actual payments, Sc=Mgand Sg=Mpg and a

penalty, P(B), paid when the audited report is B ard the agent communicated G, as

follows:

W(M,)- (1- W(M )

P(B) £W ( 5

).

(b) Truth-telling is costless.

The proof isasummary of the above discussion. In particular, since (IC) are not binding,
the asymmetry of information between principal and agent is costless and the principal’ s program
collapses to that under MOC.

While the revelation contract yields the same payoffs as MOC, it is a different mechanism.
In MOC, the audited report is redundant. In the revelation contract, itis vital for the success of
the mechanism, because it is used to penalize an agent who falsely communicates G instead of B
in order to deter misrepresentation by the agent.

We next characterize the contract when the agent has limited liability. The following

lemma will ease the characterization.
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LEMMA 3:

When the agent communicates a bad outcome, he is paid a fixed amount that is

independent of the audited report and the public signal; i.e., S(X=B x=B)=S 5"

Proof: See Appendix.

This lemma indicates that RPC includes at most four elements:. three actual payments,

Se Se.andS, , and apenaty, P(B).

&
A critical feature of the unlimited-liability contract is that the agent is threatened by a
penalty, P(B ), to deter him from deviating from the equilibrium path when he observes B. When
the agent is protected by limited liability, no payment in the contract can specify an amount lower
than the limited liability. The agent’s limited liability thus may render RPC as characterized in

Proposition 4 infeasible.

In what follows, without loss of generality, we assume that P(B)=L. The motivation for
this assumption is to avoid multiplicity of equilibria because of off-equilibrium moves. By the
consistency criterion of the sequential equilibrium (see Osborne and Rubinstein (1994)), a
strategy profile must be a best response to the limit of beliefs that are consistent with this profile.
Since the auditor verifies a truthful preliminary report with probability one, in the limit both the
agent and the principal believe that a penalty would not be exercised if the agent reported honestly
to the auditor. Thus, any effective penalty that (a) deters the agent from misrepresenting a bad
outcome to the auditor (i.e., satisfying (R.B)) and (b) (weakly) exceeds the limited liability (i.e.,
satisfying (LL)) isan equilibrium! When L is sufficiently low, any payment between L and P(CP)
in Proposition 4 satisfies these two requirements. Without loss of generality, we choose the

lowest possible payment as a penalty — the limited liability level.
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Limked liability can affect RPC in three ways:

(@)

(b)

(©)

The limited liability, L, may be sufficiently low for a penalty contract that pays the
agent asin MOC to still be feasible: L < P(B) as characterized in Proposition 4.
MOC is not feasible, but in equilibrium, the limited liability, L, does not affect the
agent's expected utility.

The limited liability, L, is sufficiently high that the agent’ s expected utility exceeds

his reservation utility.

PROPOSITION 5:

Under the equilibrium limited-liability contract there are two critical levels of limited-

liability payments, L™, L®* L R* < LR** gych that:

Case (a):

Case (b):

Case (¢):

When L < L™= L%, the principal designs a penalty contract as described in
Proposition 4, with P(B)=L.

When L™ < L < L™*= | “*  the contract, {S, .S, S5, P(B)}, issimilar to

Ge’

case (b) in the limitecHliability NCC,

Séh =Cg, Sé =CG[; AYS =Uo+V(a,)- Q2v.

(

The agent obtains his reservation utility, Wo.

When L > L®** the contract, {S ., .S, .S, , P(B)} issimilar to case (c) inthe

Ge !

limited-liability NCC,

Ss, = Co = WHW(L) +é)): S, =Gy, =L; Sy =WH(W(L) + (1-p)(L+ )5).

The agent obtains the same expected utility as in case (c) of the limited-liability NCC,

W(L)+qar +(1-p)(L- g2)(1- 1)] é= W(L)+Pr(-=G, s=h|Ncc% > Wo.
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Proof: See Appendix.

The main feature of RPC is a penalty designed to ensure that the agent's communication is
truthful. The penalty istriggered by an audited report that indicates a worse outcome than the one
reported by the agent. Interestingly, L and L %* of NCC divide the range of possible limited-
liability levelsin RPC as well. When limited liability falls below L, RPC coincides with MOC
(case (@)). Theintuition of thisresult isthat, since the principal elicits the superior information of
the agent about outcome, RPC and MOC are informationally equivalent. RPC, however, requires
the principal to induce the agent to send a truthful message. The agent is eager to reveal a good
outcome, because, to induce him to exert effort, he is paid more than when the outcome is bad.
When the outcome is bad, the threat of a penalty, triggered by a pending audit’s discovery of the
truth, deters the agent from misrepresenting. Since limited liability islow, the principal can set the
penalty at a level sufficiently high to not need to pay for the elicitation of the agent’s private
information. 1

When limited liability exceeds L, RPC resembles NCC (cases (b) and (c)). When the
outcome is good, the agent’s payment schedule is identical under both contracts. When the
outcome is bad, the agent is paid a fixed salary, and the principal enjoys the reduced cost due to
replacing a gamble (in NCC) with afixed payment to the risk-averse agent (in RPC). Asbefore,
when limited liability exceeds (falls below) L “** the agent does (does not) enjoy arent. We find
thisresult perplexing in light of the fact that NCC and RPC are different regarding the principal’s
knowledge of outcome. The similarity is due to the fact that limited liability prevents the

principal from using his ability to elicit the truth from the agent to reduce the information rent of

16 Asthe numerical examples bel ow show, apenalty payment does not necessarily involve apayment from the agent
to the principal. When the penalty isatransfer from the principal, then, the sentence should read: “ Sincelimited
liability islow, the principal can set the transfer at alevel sufficiently lowtonot need to pay for theelicitation of the
agent’ sprivateinformation.”



23

the privately -informed agent (who alone observes outcome). The principal does enjoy a cheaper
contract, but only because there is opportunity for better risk-sharing.

The differences between RPC and NCC lend the following insight.

PROPOSITION 6:

The contracts of Proposition 5 are Pareto superior to NCC.

The proof is evident from the facts that: (i) the agent obtains the same expected utility
under NCC and RPC, and (ii) the principal effects improved risk-sharing when x=B and hence
pays less to the risk-averse agent.

We conclude with some numerical examples.

Insert Exhibit 1 about here.

6. SUMMARY

In many principal-agent relationships, the principal must design a contract that takes into
account the agent’s limited liability. Since thisissue islargely ignored in the analytical research,
the question is whether ignoring it entails loss of generality. We characterize the principal-agent
contract for the whole spectrum of possible limited-liability levels (from minus infinity to an
arbitrary high level) when the agent can engage in “report management,” because he alone
observes actual outcome, and when the principal receives an imperfectly audited report by athird
party, an auditor.

As a benchmark case, we analyze the contract when the principal observes the actual

outcome (MOC). Wefind that in terms of the agent’s utility limited liability shifts all components
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of the contracts upwards. If limited liability affects the contract, the agent enjoys arent beyond
his reservation utility. The harder it is to motivate the agent to exert effort, the more costly
limited liability is to the principal.

We then analyze a setting where the principal does not observe outcome. He can base the
contract, instead, on an imperfectly audited report of outcome. We distinguish between two
cases. Inthefirst, communication channels are blocked. Hence, the agent attempts to manage the
report. In the second, the principal and agent can communicate again before the auditor’ s report
(and after the agent has learned the actual outcome). To solve for the contract, we invoke the
revelation principle, which states that designing a truthful, direct mechanism entails no loss of
generality.

The main findings are that, when outcome is not observed by the principal, (1) only when
limited ligbility does not exceed a critical maximum threshold, the cost to the less-informed
principal of earnings management can be completely avoided through the design of a contract that
invokes the revelation principle. That is, the payoffs of arevelation contract coincide with the
payoffs of a contract based on a mutually observable outcome, provided limited liability is low.
[See thefirst line in Exhibit 1.] The only difference between the two contractsis that the former
uses the audited report of outcome following the agent’s communication as a threat to induce
truth-telling report. (2) When limited liability exceeds this critical maximum threshold, the
structure of the revelation contract changes, and now resembles that of a contract with blocked
communication. Specifically, both contracts will include a post -outcome imperfect public signal
as an argument in the compensation function. The principal fine-tunes payments based on the
post-outcome signal to compensate for the loss in flexibility caused by the agent’s limited
liability. For some limitedtliability levels, the principal thus pushes the agent closer to his

reservation utility level. [See footnote 12.]
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APPENDIX
Proof of Proposition 1:
Part a
By Lemma 1, when limited liability is not effective, the bad-outcome payment, in

utils, equals Wo+V (a2)-g2v, while the good-outcome payment equals Wo+V (a2)+(1-qz)v. The
fact that limited liability matters implies that W+V (a2)-qov is lower than W(L). The
expected utility of the agent, then, is
Q2[W(L)+v] + (1-g2)W(L) - V(a2) > q2[ Wo+V (a2)+(1-g2)v] + (1-q2)[Wo+V (a2)-g2v] =Wo.
Part b:

DY qaWW(L)+v] + (1-g2)L — {2 W [Wo+V (a2)+(1-g2)v] + (102 W {WotV(a2)-g]}

Taking a derivative with respect to v yields

Ol 1 ) 1q, + (1-9,)a,
WEW(L)+v)) WENO+V(a,) + (1- q,)v)” WEW0+V(a,) - q,v)

This expression is positive because, by the concavity of the agent’s utility function, his
marginal utility is adecreasing function; hence, since W(L) > Wo + V(a2)-qov, the first argument

is positive. Q.E.D.

Proof of Lemma 2:
Part (a) follows from the (MH) constraint. To induce the agent to exert effort, he must be
paid morefor x = G than forx =B, which establishes part (b), because such an incentive scheme

induces the agent to misrepresent a bad outcome. Q.E.D.
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Proof of Proposition 2:

Part a:

We prove that C,, > Cg. The proof that Ceh> C, issimilar. C,, > Cg if
1(0- Q) 18 S
Pr(r =G,s =) Pr(r =B)

This inequality obtains if

nil- r - (1- p)riipd- @)+ np{q, (1- r)+(1- p)1- ¢)r]>0.

Upon rearranging, we obtain (1-r )[(1-g2)+ q2] =1-r >0, so the proof is established.

Part b:
The proof isimmediate, because while NCC isfeasibleit is different from the solution to a

program with an observable outcome (MOC). Q.E.D.

Proof of Proposition 3:

First, we establish that the contract varies with L according to the two critical levels, L©
and L. Thisfollows from the transitive ordering of the contract’s payments when the limited-
liability constraints are not binding. To illustrate, if (LL) were binding, say, for Cgp, then it would
certainly be binding for the rest of the payments, because if not we obtain, by contradiction, that
lower payments were not constrained by the agent’s limited liability, L. Note that this
hypothetical scenario cannot take place because it implies aflat wage contract, L that violates the
agent's incentives to exert effort.

The proof of (a) replicatesthe proof of Proposition 2. Note that, unlike MOC, we cannot
characterize NCC in closed form unless one (L L) constraint is binding (cases (b) and (c)), because

the contract is comprised of three variables, while our constraints, (PC) and (MH), provide only
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two equations. Case (b) is solved by substituting Cg = L into (PC) and (MH) and solving for two
variablesonly, Cepand C,. Case (c) is solved by substituting Cg=L and C;, = L into (MH).

The proof that (PC) isbinding, i.e., that the agent’ s expected utility isWo, in case (b) and
non-binding in case (c) is as follows. In both cases, by (MH),

W(Con)= & 6'—QW(CG»%W(cB).

Q

That is, Cep increasesin Cg and decreasesin C ;,. Therefore, when limited liability forces

the principal to increase Cg, the principal can still design a contract that provides the agent with

incentives to exert effort for a price that equals Wo in the agent’s utils, by reducing C,;,; i.e.,
C;, /L <0. Substituting Cgp in (PC), we obtain
bW(C;,)+ b®(L)- k3 Wo, (PC)'

where

b=WU=Qs=@-WU=GJ=M95Q
_ N
be=8(1-0,) P =Gis =)

k=vwg-mvzeszmé.

Incase (b), C;, > L (because the (LL) constraint is not binding for this payment). Hence,
the principal can reduce C;, until (PC) binds. In case (c) he does not have this flexibility, and the
(LL) constraints dictate a higher C ,, implying a nonbinding (PC).

Finaly, the result that the limited-liability constraints cause an increase in the contract’s

cost istrivial. Q.E.D.
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Proof of Lemma 3:
Suppose not. The contract then is based on the public signal and the agent’s
communication (the audit report is redundant, because it confirms that the agent communicates

the truth). In this case, the agent is paid S; when the public signal is high and S ;, when

demand islow. The Lagrangian of the S-program, N, given that (IC.G) is not binding, is

N = [(Lr)(-1+ Np )+ j PIW(S )1+ [r -1+ No)+j ¥ TW(S ;)] + Ne,

where N1 =lp(1-g2) —np + h+] B h isthe Lagrange multiplier of (IC.B); and N2
is all the arguments in the Lagrangian that arise from the principal and the agent sharing

the good outcome.

The thrust of the proof is to show that S, = S, .

Case (1): If neither | B nor | B s binding, the first-order-conditions after
rearranging are the same, so S, = S, .

Case (2): If both j ® and j ® are binding, then S, = S, =L.

Case (3): If only |j B s binding, then the first-order-conditions are

1 = - (l—r)rrp + J B - m . J Bh
WESy,)  (11)p(-g,) Px=Bw=h) 19, P(x=Bw=4h)
1 = - rnp = - m
W&Ss,) rp(l-q,) 1q,’

N

Clearly, if é- 1I‘ is so low to invoke the limited-liability constraint when public

2

signd is high, then | 5 must be positive too, and we are back to case (2).
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Case (4): If only j B! is binding, we obtain the same contradiction asin (3). Q.E.D.

Proof of Proposition 5:
Case (a) occurs when L is sufficiently low to make feasible the MOC’ s payoff in the
limited-liability RPC; i.e., (R.B) is not binding.

Case (b) occurs when (R.B) is binding. In this case,

Q[r W(S ¢, ) +(2- 1)W(S¢,)] + (I g2)W(S ;) — V(az) = Wo. (PC)

OW(S &) +(p- OIW( S,) - W(S) = v. (MH)

Upon multiplication of (MH) by g2, we find that
q2[pW(S, ) +(1- p)W(S )] = v + 2W(S ).
Substituting in (PC) and rearranging yield the desired expression for S . . Substituting
(R.B) inthe (PC) and (MH) reveals that they become the same equations asin NCC case (b) with
two unknowns, S and S, .

The proof of L ™= L isbased on the characterization of the contract, the binding (PC)

in both programs, and the binding (R.B).}’

TInNcc, the binding (PC) is

Pr(r:G,s=h)W(CGh|LC*) + Pr(r=G,s= ()W (Cg , ‘LC*)+p(1—q2)Pr(x=B)W(LC* )-V(az)= Wo.
In RPC, (PC) isqz[r W(S g, ) +(1- 1)W(S 5, )] + (1-d2)W(S 5) —V(az) = Wo.

Substituting the binding (R.B) in the (PC) of the RPC contract’s program, (PC) becomes

[A2r +(1-p)(1- 92)(1-1)] W(Sg, ) +[q2(1-1) +(1-p)(1- a2) r]W (S, )+ p(1- A2)W(L) =V(az) = Wo.
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Case (c) occurs when (R.B) is binding and S ., =L. It isimmediate to verify that this
parallels case () in limitedliability NCC.
The proof of L™**= L%* s based on the characterization of the RPC and the NCC

contracts, the binding (MH) in both programs, and the binding (R.B), in a fashion similar to the

proof that L™= L®* in case (b). Q.E.D.

Since (a) report management implies that Pr(r=G,s=h)= qor +1-p)(1- g2)(1- ); Pr(:=G,s= /¢ )=p(1-r ) +(1-
p)(1- g2) r , and (b) the agent’ s payment isthe same under both contracts when the firm reports agood outcome, itis
straightforward to see that (PC) holdsin both programs only if L R* = | G+



EXHIBIT 1: NUMERICAL EXAMPLES

Unobservable QOutcome

MOC NCC RPC
Unlimited 112.80  117.636 112.80
Liability L=0 (9.25) (9.25) (9.25)
Low Limited 112.80  119.703 117.77
Liability L=16 (9.25) (9.25) (9.25)
High Limited 131.06  154.25 152.5875
Liability L=36 (10.13)  (10.625) (10.625)

"~ In al examples the parameters are: Wo = 9.25, V(a) = 0.75 and V(a;) = 0; &,=0.65, &, =055,
p=0.75 and r =0.8.



