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 Econometrica, Vol. 61, No. 3 (May, 1993), 629-656

 COLLUSION IN HIERARCHICAL AGENCY

 BY FRED KOFMAN AND JACQUES LAWARREE1

 In this model, shareholders can use auditors' reports to contract with a privately-
 informed manager. Our imperfect audit technology allows the auditor and the manager to
 collude. Auditors are useful only if they have good information and if the manager's
 liability is high. Expected maximum deterrence is not desirable and production is
 suboptimal, even with unbounded punishments, risk-neutral agents, and costless auditing.
 Raising the manager's punishment raises the bribe he may offer the auditor, which raises
 the cost of preventing collusion. We also distinguish internal auditors (who are costless
 but may collude) from external ones (who are costly but never collude) and show that the
 optimal contract may specify random external audits.

 KEYWORDS: Auditing, monitoring, collusion, hierarchies, non-maximum deterrence.

 1. INTRODUCTION

 IN RECENT YEARS, agency theory has begun to study the design of multi-person

 organizations. In these organizations a principal tries to elicit a high level of
 performance from self-interested, strategic agents who possess private informa-
 tion. For instance, the board of directors of a firm must design incentive

 schemes for managers and other employees. These employees are informed
 about themselves, each other, and their environment to an extent which is
 unattainable to a third party. Principal-agent theory has paid considerable

 attention to the incentive problems which arise in two-layer hierarchies, i.e.,
 where there exist one principal and one agent (Baron-Myerson (1982), Maskin-
 Riley (1984), Laffont-Tirole (1986)).

 To study how supervision could reduce the incentive problem, the standard
 model has been extended to incorporate a third layer, usually a supervisor, as a
 "third arm" for the principal (Baron-Besanko (1984)). This description over-
 looks possible conflicts of interest between the supervisor and the principal. If

 their objectives differ, the principal will have to motivate the self-interested
 supervisor to act on his behalf. Demski and Sappington (1987) studied the case
 of a supervisor subject to moral hazard in a consumer-regulator-firm hierarchy.
 Baiman, Evans and Noel (1987)- studied the gain made by transferring the
 adverse selection problem from the agent to an auditor.

 The research in this area has by and large ignored the possibility of collusion.
 In general, economic models rarely consider coalitions with side-contracting

 power in the design of incentive schemes. Problems of side-payments, however,
 have been extensively recorded by sociologists and other behavioral scientists;

 1 We thank Patrick Bolton, Drew Fudenberg, Richard Gilbert, and Jean Tirole for many helpful
 discussions and comments. We have also benefited from comments and suggestions by Bernard
 Caillaud, Mathias Dewatripont, Tanja Harm, Ben Hermalin, Ana Hernando, Michael Katz, Mathew
 Rabin, Pierre Regibeau, and Toshi Shibano. Martin Hellwig and two anonymous referees provided
 exceptionally thorough comments. The first author's work has been supported in part by a grant
 from the Sloan Foundation.
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 630 F. KOFMAN AND J. LAWARREE

 moreover, even if no evidence of collusion were to exist, the mere possibility of
 its occurrence would still constrain the set of feasible contracts.

 A major exception to this tradition is Tirole (1986), who identified and
 studied the efficiency losses that can result from collusion with side-payments in
 a principal-supervisor-agent hierarchy. He noted that coalitions with implicit
 side-contracts are more likely to form out of long term relationships through a

 reputation-like mechanism. These relationships are a mixed blessing: repetition

 enhances not only productivity, but also opportunities for collusion. Although

 job-rotation and other impediments to prolonged interaction may succeed in

 disrupting coalitions, they may also be costly in terms of efficiency losses.
 In this paper, we illustrate how collusion can be constrained by creating an

 alternative source of information. Unlike Tirole, we introduce a second supervi-
 sor (in a horizontal relationship with the first), whose sole purpose is to
 discourage deviant coalitions. This additional supervisor is involved in a short-
 term contract with the hierarchy; thus he is less prone to pressures from the
 organization. He is also less efficient because he lacks specific experience and
 knowledge of the job.

 An illustration of such a mechanism occurs in the coexistence of internal and
 external auditing. Internal auditors provide management and shareholders with
 valuable information concerning not only the financial status of the firm, but

 also other aspects outside the accounting area. Indeed, internal auditors are
 usually involved in evaluating the efficiency of the firm's operating divisions.
 Labels such as "operational audit," "management audit," or "performance
 audit" are used to describe this kind of audit.2

 Because they "live in the firm," internal auditors possess high quality infor-
 mation, and, since they also provide nonauditing services (e.g., budget prepara-
 tion), the opportunity cost of their auditing function is low. External auditors, in
 contrast, have poorer information about the firm and are more costly. Although
 their use can still be justified on "informational grounds," our intuition is that
 the additional information they provide does not account for the extent of their
 employment in the real world. In addition, most external operational audits are
 conducted on a random basis.3 If one wishes to argue that external auditors are
 hired only for the information they provide, this randomness seems hard to
 rationalize.

 Williamson (1985) emphasizes this distinction between internal and external
 auditors when he claims that extra firm auditing cannot be presumed to be as
 effective as intra firm auditing. "Internal auditors can expect to receive greater
 cooperation [ ... ] than can be presumed when auditing across an autonomous

 2 While financial audits are limited to evaluating the fairness of financial statements, operational
 audits involve any activities for which operational effectiveness can be evaluated -(see, for instance,
 Arens and Loebbecke (1988)). Although the accounting literature links financial audits to adverse
 selection and operational audits to moral hazard, we study a model with both hidden information
 and hidden action, which is more easily exposited in terms of an operational audit. However, it is
 possible as well to interpret our model in terms of a financial audit.

 3 Regarding external financial audits, most firms are legally required by the SEC to perform them
 annually. One implication of this paper is that this annual requirement might not be optimal.
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 COLLUSION IN HIERARCHICAL AGENCY 631

 ownership boundary is attempted." Williamson recognizes, moreover, that inter-
 nal auditing is subject to collusive pressures, and he points out the relevance of

 the question we address in this paper: "Are the flaws of internal auditing
 remediable?"

 We present a model which suggests that external auditing can be better

 explained by its role in enhancing the independence of internal auditors (see

 Antle (1984)). Internal auditors are usually hired (and fired) by the manage-
 ment; hence they are more likely than external auditors to suffer pressures to
 report performance favorably, or, in the case of a financial audit, to "window-

 dress" financial statements in favor of the managers. This problem causes

 significant concern among regulatory agencies and in the accounting profession.4
 External auditors, on the other hand, are usually hired by the shareholders (or

 the audit committee of the board of directors), and are, therefore, more
 independent from the manager.5 In our model, the internal auditor and the

 manager will falsify evidence about the manager's performance if it is in their
 interest to do so; the external auditor will always report his signal truthfully.

 In a broader interpretation, whether one should treat the firm's independent

 C.P.A. as an "internal" or an "external" auditor would depend on the context.
 If the auditing firm is selected by management and has extensive consulting
 interests in the corporation, it may fall under the category of "internal." If the

 auditing firm is selected by the audit committee of the board of directors and
 has no ties to management, then one would think of it as an "external" auditor.

 Auditing in the public sector provides an equally important motivation for

 this paper. Inexpensive, collusive internal auditors and expensive, noncollusive,
 external auditors are both enmeshed in the layered structure of audits within
 the Department of Defense. Similarly, the role of the General Accounting
 Office in monitoring public enterprises resembles that of the external auditor in

 our model. The Department of Internal Affairs audits the police force as an
 insider; external citizen review boards, however, double-check to ensure that

 mixed loyalties do not interfere with its watchdog role.
 Within companies, top management faces a critical choice of design: whether

 to centralize or decentralize the controllership office (see Simon (1954)). Divi-
 sion controllers who report to the division manager collaborate in the prepara-
 tion of financial reports. This gives them excellent access to information on
 managerial performance. Their basic allegiance, however, is to the division. The
 corporate staff cannot rely on them to audit rigorously. Division controllers who
 report to the corporate controller are outside the division's operational and

 planning loops This closes off important sources of information on managerial

 4An extensive discussion of this problem can be found in Mangold (1988).
 5A reputation of independence being an essential asset for an external audit firm, some of these

 firms have also created organizations (with voluntary membership) to improve the quality of auditing
 practice. For instance, the "SEC Practice Section" of the AICPA imposes stringent auditing
 standards on its members (e.g., partner rotation, concurrent partner review, proscription of certain
 services, and mandatory peer review).
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 632 F. KOFMAN AND J. LAWARREE

 performance. Their basic allegiance, however, is to the corporation. They will
 have no qualms about reporting any managerial inefficiency they perceive.

 The optimal auditing policy must resolve the following trade-off, which is
 common to all our examples: how should the principal combine the low-cost,
 accurate reports of internal auditors, who are subject to pressures from the
 auditee, with those of high-cost, external auditors, whose information is poor
 but who are free from auditee pressures?

 We will demonstrate that if a self-interested internal auditor has good
 information, he can help the principal-even without external checks. The
 principal uses him as a "bounty-hunter," rewarding him with the fine he
 imposes on the auditee. Since the auditee's potential bribe does not exceed the
 punishment, the auditor reports his signal truthfully. However, the first best
 level of output cannot be achieved even with unbounded punishments and

 risk-neutrality. The principal is reluctant to apply higher punishments because,
 along with their deterrent effect, they induce higher bribes, which are more
 costly to prevent.

 We will in addition analyze the case where the principal can use a more
 expensive external auditor who reports his signal truthfully.6 When the internal
 auditor possesses good information, it will be less costly for the principal to
 follow the "bounty-hunter" scheme, and not use the external auditor. In the
 case that the principal does use the external auditor, it will be as a collusion-de-
 terring threat. The external auditor allows the principal to learn with certainty
 whether the internal auditor colluded and should be punished. Therefore, the
 principal can deter collusion without double-checking the internal auditor's
 report with probability one.

 Baiman, Evans, and Nagarajan (1991) also study a model of auditing with
 collusion. Their approach is quite different from ours. The manager does not
 take any effort; instead, he transfers the realization of a random output to the
 principal. The principal can use a costly auditor who observes output perfectly.
 The manager and the auditor can collude, but the authors do not model the
 incentives for collusion; a move by "nature" determines whether self-enforcing
 collusive arrangements are feasible. Finally, they do not distinguish between
 internal and external auditors.

 2. THE MODEL

 We present a three-layer hierarchy with four risk-neutral players: a principal,
 an internal auditor, an external auditor, and a manager. The principal owns the
 firm, the manager runs it with private information about its efficiency, and the

 6 We assume that the external auditor has the same information as does the internal auditor.
 Assuming that the external auditor has worse information than the internal would be more realistic,
 but it would complicate the presentation of the results without adding to their understanding. It
 follows that without the possibility of collusion between the manager and the internal auditor, the
 external auditor's services would have no value.
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 COLLUSION IN HIERARCHICAL AGENCY 633

 auditors collect information for the principal. We assume that the principal
 lacks the time or the knowledge required to supervise the manager, that the

 manager lacks the resources to buy the firm, and that the auditors lack the
 resources required to acquire or to run the vertical structure.

 The manager exerts effort e which, together with a productivity parameter 0,
 determines output x = 0 + e. 0 can take only two values, 01 < 02. 01 obtains
 with probability q and 02 with probability (1 - q). 0 and e are private informa-
 tion of the manager, while x is publicly observable and verifiable. We assume
 that the manager's disutility of effort is g(e) = e2/2.7 The output belongs to the
 principal, who compensates the manager with a transfer t. When specified by
 the contract, a punishment pm can be applied to the manager. The manager

 maximizes his expected payoff, equal to t - g(e) - E(Pm). Since the manager
 signs the contract after learning the realization of 0, he must receive his
 expected reservation utility in any state of the world. We assume that it is
 optimal for the principal to employ either type of manager even when no
 auditors are available.8

 The internal auditor observes a signal s imperfectly correlated with 0 and

 reports S e {SI, S2. He receives a wage w from the principal, and his objective
 is to maximize his expected monetary income. The external auditor receives the
 same signal s about 0, and, if paid z, reports it truthfully. The probability

 distribution of the signal is: Prob(s1101) = Prob(s2102) = r; Prob(s1102) =
 Prob(s21 o) = (1 - r). In short, the signal is right with probability r and wrong
 with probability (1 - r), regardless of the true 0 (without loss of generality we
 assume r > 1/2). Equating the probabilities across states of the world does not
 have major consequences and simplifies the presentation of our results.

 It is realistic to assume that the two auditors receive a signal imperfectly
 correlated with the true state of productivity. Auditors do not have the material
 possibilities to examine all the firm's records; they select and examine only a
 sample of them, then make inferences regarding the situation of the firm, which
 they report to the principal. We assume in addition that this signal is observable
 for the manager: the auditee usually knows what records were examined by the
 auditor and can deduce the inferences they support.

 As mentioned above, the contract can provide for the application of a
 punishment pm to the manager. We assume that this is bounded above by an
 exogenously given number Pm*, which may be interpreted, for instance, as a
 legally specified limit on liability. Therefore, if an auditor's announced signal
 differs from the manager's (implicit) report, the principal can impose a penalty
 on the manager of up to pm*. This payment is independent of the output-based
 transfer from the principal to the manager. For simplicity, we initially assume
 that the wealth of the agent exceeds the penalty. We will relax this assumption

 7We obtain the same qualitative conclusions if we consider a more general increasing and convex
 g(e).

 This restricts q to fulfill q/(l - q) > 02 -1-
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 634 F. KOFMAN AND J. LAWARREE

 later. Analogously, if the external reports a signal different from that reported
 by the internal, the principal can impose a penalty on the internal of up to pi .9

 The principal is the residual claimant of the vertical structure. He designs the
 contract and offers it to the manager and the auditors. His objective is to
 maximize expected profits E(w7) = E(x - t - w - z + Pm + pi).

 Collusion and Audit Technology

 The internal auditor and the manager can collude and forge evidence in
 order to manipulate the information of the principal. For instance, suppose the
 internal auditor tries to determine whether most of the firm's customers have
 bad credit. The auditor generally examines a random sample of accounts

 receivable. However, if the manager and the internal auditor collude, the
 manager can indicate the bad debtors to the internal auditor and, though most
 of the customers may be diligent payers, the coalition can present verifiable
 evidence of low productivity due to high financial charges.

 We don't analyze the bargaining problem between manager and internal
 auditor, on the assumption that the coalition chooses a point that is Pareto-
 efficient and individually rational. We rule out the possibility of blackmail by the
 internal auditor. If he gets a signal favorable to the manager (low productivity),
 he cannot threaten the manager with revealing a less favorable signal (high
 productivity) since he needs the manager's help to falsify evidence. We also
 assume that there exists some mechanism which makes all contracts and
 side-contracts enforceable'0 and nonrenegotiable."

 When there is an external auditor available to the principal, the coalition
 faces some risk. If the principal asks for the external auditor's report, he will
 obtain verifiable evidence of high productivity. Since the two auditors observe
 the same signal, the principal will know with certainty whether the internal
 auditor and the manager have colluded, and will punish them accordingly.

 Timing

 (1) Nature chooses the state of productivity (0) and the signal for the auditors
 (s).

 (2) The manager learns 0 but has not yet observed s.
 (3) The principal offers a contract specifying the transfer for the manager

 (t(X, Ai , Ae)) as a function of output and the auditors' reports; the transfer for
 the internal (w(x, si, se)) as a function of output, his report, and the external's
 report; the (fixed) transfer for the external (z), the probabilities of conducting

 9Limited liability provides many features of a model with risk-averse players and unbounded
 punishments in a model with risk-neutral players (see Sappington (1983), Baron-Besanko (1984)).

 10 This assumption is discussed in detail in Tirole (1990). We will return to it later.
 11 We made these strong assumptions so that the contracts we characterize will be renegotiation-

 proof. We will discuss them further below.
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 COLLUSION IN HIERARCHICAL AGENCY 635

 internal and external audits (y(x) and (x, ?S')); and the punishments for the
 manager and the internal (Pm(v) and p'( .)).12

 (4) The principal, the manager and the auditors sign the contract. The
 manager chooses his effort (e) and produces output (x).

 (5) The principal sends the internal auditor with probability y(x). The
 manager and the auditors observe the signal (s).

 (6) The manager and the internal auditor can sign a side-contract.
 (7) The internal auditor reports si. Side-transfers are realized.
 (8) The principal asks for the external auditor's report with probability

 8(x, si). The external auditor reports Se = S.
 (9) Transfers are realized.

 3. RESULTS

 After presenting the first best contract, we will derive the contracts where no
 auditor is available and where the principal can use a costly truthful auditor. We
 will then study the optimal contract with only an internal-collusive, but
 free-auditor. Finally, we will look at the interaction of the internal and
 external auditors and model the tradeoffs in achieving coalition incentive
 compatibility.

 First Best Allocation

 Suppose that output and manager's effort are publicly observable. Auditors
 have no role in this scenario. The principal's problem is to choose efforts and
 transfers for each type of agent to maximize his expected profit, E7T = q(01 +

 el - t1) + (1 - q)(02 + e2 - t2), subject to the individual rationality (participa-
 tion) constraints of the two types, t1 > (e2/2) and t2> (e2/2). The manager's
 individual rationality constraints (MIR) state that he must be compensated at
 least for the cost of his efforts in each state of the world. We normalize his
 reservation utility to zero.

 In the optimal contract under symmetric information, the principal equates
 the marginal cost of the manager's effort with the marginal value of his product
 (e1 = e2 = 1) and pays the manager just enough to make him sign the contract,

 which is independent of the state of productivity t(xd) = t(x2) = e2/2 = 1/2.

 No Auditor

 From now on, we assume that the principal can observe neither the state of
 nature nor the manager's effort. Thus, the contract can specify transfers only as

 12At the optimum, all of these functions will depend on the parameters of the problem: the
 probability of a low type (q), the informativeness of the signal (r), the maximum punishment for the
 manager (Pm*), the maximum punishment for the internal (pit), and the cost of the external (z).
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 636 F. KOFMAN AND J. LAWARREE

 a function of the output (x). According to the revelation principle, the principal
 must now fulfill two incentive compatibility constraints:

 e2 -AO)2 e2 +AO)2
 t2- 2 (el- 2 and t1- -2et2- 2

 where AO = 02 - 0l.13 These constraints ensure that the manager will exert the
 effort that the principal desires.

 As usual, only the individual rationality constraint of the low type, 01, and the
 incentive compatibility constraint of high type, 02, are binding at the optimum.
 The high productivity type obtains an informational rent and exerts the optimal
 level of effort, while the low type obtains his reservation wage and exerts a
 suboptimal level of effort. This is a familiar result in a second best contract. A
 small reduction in the low type's effort involves a second-order loss in profits,
 while the relaxation of the incentive compatibility constraint of the high type
 generates a first-order gain.14 Henceforth, we shall call this contract the no
 auditor scheme.

 One Costly TruthfulAuditor

 Suppose now that by paying a fee (z > 0), the principal can obtain a truthful
 report from an auditor who observes a signal which is imperfectly correlated
 with the state of productivity. If the auditor indicates that the manager has
 shirked, the principal can then impose a penalty on the manager bounded above
 by pm *Baron and Besanko (1984) have shown that the principle of maximum
 deterrence holds in this case;15 hence, we will consider without loss of generality
 that pm= pm*.

 First, the principal observes the output and pays the corresponding transfer.

 If output is high, there is no further action. If output is low, he may request the
 auditor's report. If the auditor reports a high productivity signal, the manager
 suffers punishment Pm. The formal analysis in the Appendix shows that,
 depending on the parameters of the problem, the optimal contract has one of
 several qualitatively different types. Figure la shows how contract types depend
 on the quality of the auditor's information r and the maximum punishment
 pm*. the curves K, a, and w indicate the boundaries between the regions
 corresponding to different contract types. For a formal statement see Proposi-
 tion 0 in the Appendix. Figure lb is the analog of Figure la when the auditor is
 free.

 13 To simplify the analysis, we assume e1 - AO > 0 (or equivalently, q > AO). If this is violated,
 incentive compatibility should compare with 0 rather than e1 - AO; the nature of the results would
 not be changed but the details of the optimal contract would be.

 14 See Baron-Myerson (1982) and Maskin-Riley (1984).
 15 For the general result of maximum deterrence in the presence of mistakes see Bolton (1987).
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 FIGURE la.-Different types of contracts with a costly truthful auditor in the space (r, pm*)
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 FIGURE lb.-Different types of contracts with a free truthful auditor in the space (r, pm*).

 FIGURE 1

 In the first region, no auditor (NA), the principal chooses not to use the
 auditor because he is too expensive relative to the information he provides and
 to the maximum punishment that can be applied to the manager. The no-audi-
 tor scheme is offered. If the cost of the auditor increases, K shifts up and the
 no-auditor region increases; if the cost of the auditor decreases, K shifts down.
 When the auditor is free (z = 0), the no-auditor region disappears (see Figure
 ib).

 In the second region, rent extraction (RE), the principal extracts informa-
 tional rents from the high type while the effort levels for each type of manager
 remain unchanged. In other words, the effort of each type of manager in the
 optimal contract with auditing is the same as the effort in the optimal contract
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 638 F. KOFMAN AND J. LAWARREE

 without auditing. This is analogous to Baron-Besanko's separation result: the
 output decision is independent from the auditing decision (although the audit-
 ing decision is not independent from the output decision).16 As the accuracy of

 the auditor's signal or the maximum punishment increases, the rent of the high
 type manager decreases while the effort of the low type remains unadjusted.

 In the third region, effort adjustment (EA), the information of the auditor is
 sufficiently accurate relative to the available punishment to eliminate the rent of
 the high type. The individual rationality constraints of both types bind. The
 principal uses his deterrent power to increase the low type's effort while still
 achieving incentive compatibility. So far, when used, the auditor is always sent
 with probability one.

 In the fourth region, random audit (RA), it is optimal for the principal to
 decrease the probability of audit (-y) while the effort of the low type is still
 suboptimal. The first best is reached only at the limit when the punishment
 grows without bound. The principal must weigh the possible increase in profits
 from adjusting the effort of the low type against the possible increase in profits
 from decreasing the probability of a costly audit. When the auditor is free

 (z = 0), there is no reason to decrease the probability of audit. The random
 audit region vanishes and the principal adjusts the effort of the low type toward
 the first best at a faster rate. (See Figure lb.)

 The principal fully exercises his punishment capacity: it is strongly optimal to
 use maximum deterrence whenever the auditor is used. The principal must
 make a decision as to when to use this punishment to extract rents, when to use
 it to adjust effort, and when to use it to reduce the probability of auditing.

 One Free Self-Interested Auditor

 Suppose that the manager and a free internal auditor can collude. They can
 sign an enforceable side-contract after the manager has chosen his level of
 effort and after both he and the auditor have jointly observed the signal. The

 only case for collusion occurs when the productivity of the manager is low and
 the signal of the auditor is high. If the manager has high productivity (and, since
 the optimal contract is incentive compatible, produces high output) the princi-
 pal does not request the auditor's report. If the manager has low productivity
 and the auditor receives a low signal, there is no reason for a side-transfer since
 the auditor cannot forge evidence by himself.

 According to the audit technology we have specified and the timing of the
 game, whether the signal is correct is irrelevant to studying the coalition. At the
 moment of negotiation, even if the manager has exerted his right level of effort,

 16 This separation result depends on the punishment technology we have assumed. Laffont-Tirole
 (1990) use an alternative definition of limited liability. They assume that the principal cannot impose
 a penalty larger than the transfer to the manager. This breaks the separation result since it enables
 the principal to increase the worst possible outcome for the manager by setting the level of effort of
 the low productivity type.
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 COLLUSION IN HIERARCHICAL AGENCY 639

 he will be punished if the auditor reports high productivity. He will have been

 punished by mistake even though the auditor and the principal know it.17
 To avoid the punishment pm, the manager is willing to pay the auditor up to Pm.

 Thus, in the presence of a side-contract, the auditor will not report payoff-rele-

 vant information, and the allocation described in the previous section is no

 longer sustainable. The auditor will be indifferent towards releasing information
 which will lead to the punishment of the manager, while the manager will be

 ready to "buy the auditor's silence."

 This gives rise to a new constraint, the Coalition Incentive Compatibility
 (CIC) constraint. To induce truth-telling when the auditor has evidence which
 will lead to the manager's punishment, the principal must pay him at least as

 much as the manager would pay him to change his report. That is to say, the

 auditor must receive a reward at least as large as the amount the manager

 would have to pay to the principal as punishment, were the auditor to reveal his
 incriminating information.

 The problem for the principal now is to choose el, e2, tl, t2, Pm, y, and w to:

 Max qfol + e- t1 + y(1 - r)(Pm -w)) + (1-q){02 + e2 - t2},

 subject to:
 2

 (MIR1) t, > + -r)Pm,

 2
 e 2

 (MIR2) t2)

 e2 (e, - o)
 (MIC) t2- (e-y rPm,

 (CIC) y(w - Pm) > o,
 where y is the probability of using the auditor and w is the auditor's reward for
 exposing the manager.

 Define a as the value of Pm at which (MIR2) becomes binding,
 Define f3 as the value of Pm at which the benefit of adjusting effort is equal

 to the cost of increasing the expected punishment (yPm).
 Figure 2 gives a graphical representation of the different types of contracts

 depending on the values of r and pm*. In the first region, no auditor, the
 principal does not use the auditor because the signal is too noisy. In contrast to
 the case of the truthful auditor, it is optimal here not to use the free auditor
 since it is costly to induce truthful revelation. The auditor must now receive a
 reward w whose value is tied to the bribe, which in turn is tied to the
 punishment. To understand why the critical value of r depends on q, remember
 that our optimal mechanism is collusion-free and incentive-compatible. There-
 fore, the principal must pay the auditor's reward only when the auditor makes a

 17 This is a standard result from game theory. For a similar result see Green and Porter (1984).
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 FIGURE 2.-Different types of contracts with a free self-interested auditor in the space (r, pm*).

 mistake (which happens with probability 1 - r) after the low productivity type
 has been obtained (which happens with probability q). The higher the propor-
 tion of low types, the better must be the auditor's information if he is to justify

 his cost.

 Outside the first region, the auditor's signal is good enough with respect to
 the probability q for the principal to ask for his report even though he is
 collusive. For any q < 1, there are values of r that will induce the principal to
 employ a collusive auditor.

 In the second region, rent extraction, the maximum punishment is not

 sufficient to extract all the informational rents from the high productivity type.

 When the punishment available to the principal surpasses this critical level, the
 contract moves into the third region, effort adjustment. The high productivity
 type obtains only his reservation wage, and the effort of the low productivity
 type increases towards the first best level. The contract in these two regions is

 similar to the one with the truthful auditor. The only difference is that here the
 profits of the principal are lower, because he must now reward the auditor in
 order to discourage him from colluding with the manager.

 The major novelty of the contract with the self-interested auditor is that the
 first best is never reached for an imperfect signal even if the maximum liability
 grows without bound. Increasing the manager's expected punishment has two

 effects: it allows the principal to achieve incentive compatibility from the
 manager at a lower cost in terms of effort distortion of the low type; but it also
 increases the cost of inducing the auditor to be truthful. Indeed, the potential
 bribe to the auditor will be as high as the punishment to the manager Pm (for
 empirical evidence see Theroux and Umbeck (1987)); this can make the Coali-
 tion Incentive Compatibility constraint very costly to fulfill. At some point,
 determined by line /3, the second effect outweighs the first, and the principal
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 COLLUSION IN HIERARCHICAL AGENCY 641

 will no longer increase the expected punishment while production is bounded

 away from the first best. This is the fourth region of the contract, constant
 punishment. Because the principal does not use his maximum deterrence, he can

 no longer adjust the effort of the low type. This prevents him from ever

 achieving the first best. Proposition 1 summarizes our findings:

 PROPOSITION 1: (a) In spite of collusion, the internal auditor is sometimes used;
 i.e., if r>1/(2-q), y>O.

 (b) There exists a region of the parameter space where expected maximum

 punishment is undesirable; i.e., if r > 1/(2 - q) and pm* > f, the optimal contract
 has yPm constant and strictly less than pm*.

 (c) Even with unbounded punishments and risk-neutral agents, the contract does

 not achieve the first-best level of efficiency in production unless the auditor is
 perfectly informed.

 PROOF: See Appendix.

 The intuition behind result (a) is as follows. The principal can prevent the
 self-interested auditor from colluding with the manager by paying him Pm. If

 the principal finds that the value of the extra incentive to comply provided by
 the auditor is higher than the rent the auditor demands to report his signal
 truthfully, then he will request the auditor's report. To prevent the manager and
 the auditor from colluding, the principal will essentially turn the auditor into a
 bounty-hunter. He will promise that any punishment levied upon the manager
 will go directly into the auditor's pocket.

 Result (b) deserves more attention. We find that in the constant punishment
 region, when pm* increases, the principal is indifferent towards increasing pm
 and decreasing -y or keeping both -y and Pm constant. The key is that in this
 region the expected punishment for the manager ()ypm), the effort of the low
 productivity type, and the profit of the principal remain constant even if the
 maximum punishment available increases. Note that non-maximum deterrence
 is only a knife-edge result. We call it "weak non-maximum deterrence." If the

 auditor is costly (z > 0), the principal will exercise his maximum punishment
 capacity on the manager, thereby reducing the probability of using the auditor
 in order to save on the expected audit costs (,yz).

 On the other hand, if the auditor is costless and if there is any extra
 advantage to the principal of calling him in, then the principal will not increase
 pm above f8. The extra advantage for the principal may come from productivity
 gains or from a fee that the auditor pays to the principal if he is called in. In
 order to keep )/Pm constant, rising Pm would entail lowering 'y, thereby losing
 the expected fee or productivity gains to be obtained from the auditor. There-

 fore y will always remain at 1 and pm will remain at 3 making maximum
 deterrence strongly suboptimal.

 Result (c) is a direct consequence of result (b). As )/Pm must be kept
 constant, the principal cannot adjust the low type's effort toward its first best
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 642 F. KOFMAN AND J. LAWARREE

 level. Notice also that, because our contract is incentive compatible and collu-

 sion-proof, the reward must be paid only when mistakes occur. This explains
 why under perfect auditing (r = 1), deterring collusion is costless18 and the first
 best can be achieved.

 This model has two puzzling features: the auditor earns a rent; and the first

 best is unattainable with unbounded punishments even though all players are

 risk-neutral. These results depend on the fact that we do not allow the principal

 to "sell" the right to audit or, equivalently, to impose negative transfers on the
 auditor when he reports that the manager has complied. We have implicitly

 ruled out that the auditor buy the right to audit or post a contingent bond. This
 assumption can be justified either if the auditor is infinitely risk-averse, or if he

 has no wealth and no capacity to borrow.

 Were the auditor to have unrestricted access to funds, and if the principal
 could sell him the right to audit for the expected reward, then the principal
 would extract all the auditor's rent. The incentive scheme would then be
 analogous to the one derived in the case of a free truthful auditor. Preventing
 collusion would be costless because the principal could capture the full bribe
 ex ante. Maximum deterrence would be strongly optimal.

 Nonpecuniary Punishment

 Suppose that the punishment for the manager can have both pecuniary and
 nonpecuniary components-a prison term, for instance. (See Diamond (1984)
 and Gale-Hellwig (1985) for examples in the context of bankruptcy.) The benefit
 of nonpecuniary punishments is that they are not constrained by the manager's
 ability to pay. The principal cannot, however, recover any money from them. As
 a consequence, in the event of a nonpecuniary punishment, the principal will
 have to pay the auditor from his own resources. Nonpecuniary punishments are
 also bounded from above by social constraints.

 As long as the pecuniary penalty is less than the manager's ability to pay, a
 nonpecuniary penalty is strictly undesirable because the principal can gain by
 substituting the pecuniary penalty for the nonpecuniary penalty. This substitu-
 tion leaves the auditor's contingent wage unchanged while bringing extra
 revenue for the principal.'9 Hence the nonpecuniary penalty is only used in
 those cases where the total penalty exceeds the manager's ability to pay.20

 The results of Proposition 1 do not change. This might seem counterintuitive.
 If the optimal punishment (computed when the agent's wealth is unconstrained)
 is higher than the wealth of the agent, it should be optimal to use the maximum

 possible punishment. This-so the intuition goes-is because no cost is in-

 18 The principal offers a reward that he never has to pay.
 19 For another justification of this assumption see Polinsky and Shavell (1984).
 20A problematic scenario would be one where the agent could choose to go to prison even if he

 had the money to pay the punishment. If he chose to bribe with money and suffer the punishment in
 kind (prison) the principal would be in the worst of all worlds: he would not get the transfer but he
 would have to pay a reward to prevent collusion.
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 curred (in terms of collusion avoidance) by increasing the nonpecuniary punish-
 ment. Indeed, the upper bound for the agent's bribe is his wealth. Once a
 punishment exceeds the wealth of the agent, the bribe-and the reward-re-
 mains constant at the level of the agent's wealth. This benefits the principal
 because the costs of collusion no longer increase with the punishment. There-
 fore, he gets a "free" increase of his deterrence capacity.

 This intuition, however, disregards a hidden cost of nonpecuniary punish-
 ments. The compensation of the low type for possible mistaken punishments (in
 his individual rationality constraint) is no longer recovered by the principal in
 the form of fines. In the case of nonpecuniary punishments, the agent does not
 pay any fine to the principal, yet the principal must still pay the low type the
 expected value of the pecuniary equivalent of the punishment. This lost revenue
 from the nonpecuniary punishment (the fraction of the punishment exceeding
 the agent's wealth) exactly compensates the benefit from the lower reward.

 One Self-Interested Internal and One Truthful ExternalAuditor

 Suppose that the principal can use an internal auditor who is free and
 self-interested, an external auditor who is costly and truthful, or both. The two
 auditors receive the same signal, which is imperfectly correlated with the true
 productivity of the manager.

 This assumption enables us to highlight the specific role of the external
 auditor as "policing the police" without worrying about the value of his
 information. When the internal auditor reports his signal truthfully, the external
 auditor does not increase the principal's payoff since he can only report the
 same signal. The only reason for the principal to hire the external auditor is to
 audit the internal auditor.

 We are interested in the trade-off involved in achieving incentive compatibil-
 ity: the external auditor is truthful, but more expensive; the internal auditor is
 free but requires a payment of pm to refuse the manager's bribe; and both
 impose an extra burden on the individual rationality constraint of the manager
 in the low state of productivity (the manager could be punished by mistake).

 The maximum punishment for the internal auditor, pi*, is the new parameter
 that affects the coalition incentive compatibility constraint. The external noncol-
 lusive auditor grants the principal a new way to deter deviant coalitions. If the
 internal auditor and the manager consider collusion, they have to worry that the
 principal may ask for the report of the external auditor. If the external auditor
 reports high productivity after the manager has produced a low productivity
 output and the internal has reported a low productivity signal, then the
 principal will punish both the manager and the internal auditor. The upper
 bound on Pi has the same limited-liability interpretation of pm*.21 The perfect

 21 Since fraud is punished more harshly by the courts than is breach of contract, one could argue
 that PI > pm . This will increase the value of the external auditor for the principal.
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 FIGURE 3.-Different types of contracts with a self-interested internal and a truthful

 external auditor in the space (r, pm* ).

 correlation of the two auditors' signals ensures that the internal auditor is never
 punished by mistake.22

 Figure 3 gives a graphical representation of the different types of contracts
 depending on the values of r and pm*.

 We find that it is optimal not to use the auditors when their signal is too
 noisy; notice, however, that "too noisy" has a different meaning now than it did
 previously, in the case of an internal with no costly external auditor. In
 Proposition 1, to find the no auditor region, we compared r with 1/(2 - q).
 This time, however, we must consider an additional condition due to the
 possible presence of an external auditor.

 If the principal chooses to audit, he must decide whether to use the internal
 auditor alone, or the internal and the external together. If he uses only internal
 auditor, the incentive scheme will be identical to that of Proposition 1, with the
 three subregions rent extraction, effort adjustment, and constant punishment. If
 the principal chooses to use both auditors, the situation will be similar to one
 where the internal auditor is truthful but costs r8z (the probability of sending
 the external auditor23 times his reservation wage). Indeed, in this case the
 internal will report truthfully even though he is not paid anything. This will
 occur because the principal will set the probability of sending the external

 22An alternative model which yields the same qualitative results assumes that the external
 auditor's signal is a "garbling" of the internal auditor's signal, which fulfills a no-false-positives,

 condition (see Grossman and Hart (1983), Aaron and Olivella (1991)). That is, Pr(se = 2 1si = 2) = 1,
 Pr(se = 21si = 2, 6 = 1) = 1, Pr(se = 21si = 2, 6 = 2) < 1: whenever the internal gets a high produc-
 tivity signal, so does the external (no false positives); when the internal gets an incorrect low
 productivity signal, so does the external; and when the internal gets a correct low productivity signal,
 the external's signal may be correct or incorrect.

 23 Since our contract is incentive-compatible, the external auditor is sent with probability 8 only
 after the internal auditor correctly reports a low type.
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 COLLUSION IN HIERARCHICAL AGENCY 645

 auditor (8) sufficiently high to discourage the internal auditor from colluding
 with the manager when threatened with punishment pi*

 Notice that 8 will always be less than one. Before colluding, the coalition will
 evaluate its benefit-evading the punishment for the manager (Pm)-against its
 risk-bearing the punishments for the manager and the internal auditor (Pm +
 pi) if audited by the external auditor. The minimum probability of an external
 audit necessary to deter collusion will be Pm/(Pm + pi).

 The optimal incentive scheme has the three familiar subregions (rent extrac-
 tion, effort adjustment, and random audit). The formal presentation of the
 maximization problem follows, along with our main results.

 Let -y be the probability of sending the internal when output is low, 8 the
 probability of sending the external when the internal has reported a low
 productivity signal, and p the probability of sending the external when output is
 low and the internal is not sent. The problem for the principal is now to choose

 el, e2, tl, t2, w, y, 8, and p to:

 Max q{0r + e8-t, + y[(l - r)(Pm-w)-raz]

 + (1 - y)[p((l - r)Pm - z)]} + (1 -q){02+ e2 - t2}

 subject to:

 2

 e2
 (MIR2) 2

 2

 e2~~~~~~~

 (MIC) t2- 2> tl (e 1-2) _rPM[y+ n(l-Y)]
 2 2

 (CIC) y[w _ Pm + 8(Pm + Pi)] > 0.

 Let a and /3 be defined as in Proposition 1. Let q7 be the maximum value of
 Pm such that if r < 1/(2 - q) it is optimal not to use any auditor. Let p be the
 maximum value of Pm such that if r > 1/(2 - q) it is optimal to use the internal
 alone.

 PROPOSITION 2: (a) There is a region where it is optimal not to use any auditor;
 i.e., if

 r<min{ 2-; 71(Pm,P ,z)}

 no auditor is used.

 (b) There is a region where it is optimal to use only the internal auditor; i.e., if

 r>max{2q ; p71(Pm, Pi Z)}

 only the internal auditor is used.
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 646 F. KOFMAN AND J. LAWARREE

 (c) If used at all, the external auditor is used as a second opinion and sent with a
 probability strictly less than one.

 (d) If the external auditor is used, the reward of the internal auditor is zero.

 PROOF: See Appendix.

 Result (a) states that the principal evaluates costs and benefits of three
 possible strategies: use the internal auditor alone, use both the internal and the
 external auditors, or use no auditor. If r < 1/(2 - q), using the internal auditor
 alone is never optimal. To determine if he wants to use both auditors, the
 principal must compare the accuracy of the auditors' signal r with a function
 -1(pm F', z).24 This function is increasing in the maximum punishment to the
 manager and the maximum punishment to the internal auditor, and decreasing
 in the wage of the external auditor. Higher punishments for the manager or the
 internal auditor enable the principal to reduce the probability of sending the
 external auditor (thereby reducing his expected wage costs) while still deterring
 collusion. Higher wages for the external auditor increase the cost of using him
 to deter collusion.

 We can provide some more intuition on '-r 1(.) by looking at two extreme
 cases: z = 0 (the external is free) and pi* = oc (the punishment for the internal
 auditor is unbounded). In these situations, auditing is always useful (recall
 r> 1/2). The case in which z = 0 is obvious. When pi* is unbounded, the
 principal may use the costly external auditor with a very small probability and
 still induce truthful revelation from the manager and the internal auditor.

 Result (b) claims that there is an area of the parameter space where the
 optimal strategy for the principal is to use the internal auditor alone. Recall
 from Proposition 1 that the internal auditor receives a reward only when his
 signal is mistaken. Therefore, as the accuracy of the signal increases, the cost of
 deterring collusion using the internal auditor alone decreases. At the critical
 value of r described in point (b), using only the internal auditor is the optimal
 way to deter collusion.

 Point (c) asserts that it is never optimal to send only the external auditor (a
 proof is provided in Lemma 2.3 in the Appendix). If the principal requests his
 report at all, he will use it as a second opinion. Since the internal and the
 external auditors have the same information, the principal has two equivalent
 ways of learning about the type of the agent. He can ask for the report from the
 external auditor (and pay his wage) or he can ask for the report from the
 internal auditor (and prevent him from colluding). If he chooses the latter,
 the principal has two ways to prevent collusion: pay the internal auditor a
 reward (carrot) or threaten him with a credible punishment if his report differs

 24 In the Appendix we prove that

 . < r ~~~~qz1-

This content downloaded from 80.66.190.44 on Wed, 20 Jun 2018 15:37:57 UTC
All use subject to http://about.jstor.org/terms

www.irpublicpolicy.ir



 COLLUSION IN HIERARCHICAL AGENCY 647

 from that of the external auditor (stick). When the external auditor is used, the
 threat is strong enough to deter collusion and the internal auditor gets no
 payment (point (d)).

 The "stick" strategy dominates the use of the external auditor alone. When

 using the external auditor alone, the principal will have to pay the external

 auditor's salary every time he needs to audit. Alternatively, the principal can
 send the free internal auditor and threaten to punish him with Pl if the external
 auditor disagrees with him. By doing so, the principal can learn the auditors'

 signal, sending the external auditor with a probability 8 less than one25 and
 decreasing his expected wage cost (r5z). This result depends crucially on the
 fact that the internal auditor is free and that the two auditors receive the same
 information. Any change in these assumptions would require the principal to

 consider the option of sending the external alone (randomly or with probability
 one).

 4. CONCLUDING REMARKS

 We have analyzed the role of auditing in a simplified hierarchy (principal-
 auditor-manager) in which the auditor and the manager can collude; we have
 distinguished between internal (costless, self-interested) and external (costly,
 truthful) auditors and developed an imperfect audit technology which allows
 evidence to be forged through collusion. We have shown that the internal

 auditor alone may be useful to the principal even if he can collude with the

 manager. The possibility of collusion imposes an additional cost on the use of

 the auditor, but, under certain parameter configurations, the principal prefers

 to bear it. In addition, we have proven that the external auditor is hired on a
 random basis because his role is mainly to police the internal auditor. We have

 also proved that expected maximum deterrence may be suboptimal in the
 presence of collusion. Increasing the punishment for the manager raises his
 effort but also makes collusion more attractive: the bribe grows and deterrence
 becomes more costly.

 Our model can be extended in a variety of directions. If we consider a costly
 self-interested internal auditor, for example, the probability of sending the
 external auditor alone need no longer be zero. If all auditors behave strategi-
 cally an interesting question arises as to whether it is possible to police the
 police without falling into an infinite regress. Another interesting direction
 would be to allow the auditors' information to be imperfectly correlated. A new
 trade-off would appear: as the internal auditor could be punished by mistake,
 his individual rationality constraint would gain importance, i.e., he would refuse
 to work unless he were certain of being compensated for the possible mistakes
 of the external auditor.

 25 8 is less than 1 whenever pF > 0.
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 648 F. KOFMAN AND J. LAWARREE

 There is an important reason to study this extension. In our model, we
 assume that the external auditor never colludes. However, even if he could
 collude, the optimal contract would not be altered, since external and internal
 auditors possess exactly the same information. To prevent the external from

 colluding, the only addition would be a new coalition incentive compatibility
 constraint promising a reward to the external for truthful revelation. As in
 Demski and Sappington (1987), whatever the reward may be, the principal need
 never pay it because the external auditor can only confirm the internal auditor's
 report.26 If the information of the two auditors is imperfectly correlated, the

 study of a self-interested external becomes more interesting (and more complex).
 This case can produce various subcoalitions between the manager, the internal,
 and the external auditor.

 Throughout the paper we have used the revelation principle, solving pro-
 grams in which the principal always prevents collusion between the auditor and
 the manager. In the optimal contract, nobody colludes. This does not imply a
 blatant inconsistency with reality-where collusive schemes often make head-
 lines. The revelation principle is simply a solution technique which facilitates
 the characterization of an optimal contract without claiming that the character-
 ized optimal contract is unique. In fact, the described mechanism may be a
 "truth-telling map" of a very complex mechanism where bribes, punishments,
 and rewards occur in equilibrium.

 If one has doubts about the principal's ability to commit himself, then one

 must explicitly analyze the extensive form game that one considers appropriate
 for the situation. For this purpose, the revelation principle provides little help.27
 An alternative to the ad hoc power of commitment with which we endow the
 principal would be to invoke a reputation argument. In an infinite supergame
 where a long-lived principal contracts sequentially with a stream of short-lived
 managers, the original contract would be renegotiation-proof (see Fudenberg-
 Kreps (1987) and Fudenberg-Levine (1989)).28 Reputation may also serve as an
 enforcing mechanism for the side-contract between the auditor and the agent.
 However, introducing reputation to make endogenous our commitment assump-
 tions about the principal and the auditors is malapropos in a one-period model.
 Reputation demands multi-period games.

 Making collusion endogenous remains at the top of the research agenda in
 multi-agent contract theory. Faced with the nonexistence of satisfactory models,
 we have opted to make the necessary assumptions instead of deriving the
 behavior and commitment capacity of the manager and the auditors from

 fundamental principles. Phenomena of collusion are pervasive;21 we do not

 26 The implicit assumption here is that any side contract the external auditor could sign with the
 agent or the internal is nonenforceable. Denying him this commitment capacity is crucial, since, if
 he could bind himself to take, say, half the bribe, the coalition would be in a Pareto superior
 situation.

 27 If this is not the case, we will have to look at renegotiation-proof contracts (see Khalil (1992)).
 28 Alternatively, one could consider a single principal contracting with many agents (e.g., DOD).
 29 See Tirole (1986, 1990) for an extensive list of references.
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 COLLUSION IN HIERARCHICAL AGENCY 649

 believe that the current gap in the theory should impair our efforts to study and
 understand their consequences.

 Sloan School of Management, Massachusetts Institute of Technology, Cam-
 bridge, MA 02139, U.S.A.

 and

 Dept. of Economics, University of Washington, Seattle, WA 98195, U.S.A.

 Manuscript received December, 1989; final revision received October, 1992.

 APPENDIX

 Truthful Costly Auditor

 The principal's problem is to choose el, e2, tl, t2, and y to

 Max q{0l + el - ti + y[(l - r)Pm - z ]} + (1 - q)(02 + e2 - t2l subject to:

 (MIR1) t, >e 12 + ry(1- r)Pm, 2

 2

 (MIR2) t2> 2

 2 (el-AO
 (MIC) t2- 2 > tt- 2 -yrPm.

 Recall that Baron-Besanko have shown that the principle of maximum deterrence holds in this
 case. Hence we will consider without loss of generality that pm = pm.

 Define the following four schemes:

 NA: el-=1- -A, e2= 1, e 2 q q

 1 e2 (el- AO)2
 2 2 2 ' =o.

 e 2

 RE: Identical to NA except t1 = + y(l - r)Pm, t2 = tNA_ (2r - 1)Pm,

 i.e., the rent of the high type is reduced, and y = 1.

 2r -1 AO e 12
 EA: el = t0Pm+ -, e2=1, t = 2 +y(l-r)Pm, t2=-, y=1. EA: e1= ~AO 2 t 2 ~+(~rP, 2

 zAO e2 1
 RA. el = 1 r-e1)' e2 t1 = 2 + y(-r)Pm, t2

 AO[(2 - AO)Pm(2r - 1) - 2z AO]

 2pm 2(2r-1)2

 PROPOSITION 0: (i) Define

 zq

 K(r, z) (=-q)(2r-1)
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 (ii) Define

 AO [ AO
 af(r) = ~ 1-2 (2-q). 2r- 1 2q~2 q]

 (iii) Define

 AO[(2 - AO) + /(AO _2)2 _ 16z]
 cw(r, z) 4(2r-1)

 The optimal contract in the case of a truthful costly auditor satisfies:
 (i) If pm < K(r, z), the auditor is not used and the NA scheme is applied.
 (ii) If Pm > K(r, z), the auditor is used (y > 0). Then, if Pm < a(r), (MIR2) is slack and the RE

 scheme is applied. If a(r) < Pm < wt(r, z), (MIR2) binds and the EA scheme is applied. If Pm >
 cto(r, z), the RA scheme is applied.

 PROOF OF PROPOSITION 0: The optimal contract problem has the Lagrangian:

 L = q{Ol + el -ti + y[(1-r)Pm- z]} + (1-q){02 + e2-t2}

 +Al(ti- 2 Y(l - r)Pm} + A2(t2- 2)

 +A3 (t2- 2 -tl+ (el 2 + yrPm} + A4{1-ry}

 with the additional nonnegativity constraints.
 The Kuhn-Tucker conditions for maximization are:

 dL dL
 (0.1) -=q-Alel+A3(el-AO)<0; e1 =0;

 de, de,

 dL dL
 (0.2) - = (1-q)-(A2 + A3)e2 < 0; e2 e = 0; de2 de2

 dL dL
 (0.3) at -q+A1-A3?0; t1-=0;

 at, at1

 dL dL
 (0.4) -=-(1-q)+A2+A3<O; t2 - =0; at2 at2

 dL dL
 (0.5) - = q(1-r)Pm-Al(1-r)Pm + A3rPm-A4-qz < 0; y - = 0;

 ay ~~~~~~~~~~~~~ay

 plus the constraints and their complementary slackness conditions.
 From (0.2), one has e2 > 0, so (MIR2) implies t2 > 0, and (0.2) and (0.4) can be rewritten as

 (0.2*) e2= 1,

 (0.4* ) A2+A3=1-q.

 By a similar argument and the assumption that q/(1 - q) > AO (see footnote 8), one also has e1 > 0,
 t> 0, and

 A3
 (0.1*) e =1--AO,

 q

 (0.3*) A=q +A 3,
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 so (MIR1) is binding. After substitution for Al, one rewrites (0.5) as

 dL
 (0.5*) A3PM(2r-1)-A4-qz<0; y- =0.

 ay

 Note that (0.4*) implies A3 < 1 - q. Therefore, from (0.5*), one can have y > 0 only if

 (1 - q)Pm(2r - 1) - A4 - qz > 0

 or Pm > K(r, z). Conversely Pm <K(r, z) implies y = 0 and, from (MIC), (MIR1), and (MIR2),
 A2 = 0, so (0.4*) and (0.1*) yield A3 = (1 - q) and el = 1 - [(AO(1 - q)/q], as specified by NA. Claim
 (i) follows immediately.

 Now suppose that Pm > K(r, z). From (0.5*), y = 0 would imply A3 < 1 - q and, by (0.4*),
 A2 > 0. However, from (MIR2), (MIRl), and (MIC), A2 > 0 is only possible if y > 0. The assumption
 that Pm > K(r, z) and y = 0 thus leads to a contradiction. Hence Pm > K(r, z) implies y > 0.

 Under the assumption that Pm > K(r, z), there are now three possibilities to be distinguished:
 (a): A2 = 0 and y 1; (b): A2 > 0 and y = 1; (c): A2 > 0 and y < 1. (The fourth possibility, A2 = 0 and
 y < 1 cannot arise because for PMm> K(r, z) it contradicts either (0.4*) or (0.5*).)

 From (0.1*), (MIR1), and (MIC), one finds that possibility (a) corresponds to the scheme RE.
 From (MIRl), (MIR2), and (MIC), possibility (b) corresponds to scheme EA, and from (0.5*),
 (0.1*), (MIRl), and (MIR2), possibility (c) corresponds to scheme RA. One also finds that RE
 satisfies (MIR2) if and only if Pm <oa(r), and RA satisfies y < 1 if and only if Pm> (r, z). In the
 remaining case Ptm e [a(r), w(r, z)] therefore, only the scheme EA (possibility (b)) is possible; it is
 easy to verify that indeed EA satisfies the Kuhn-Tucker conditions in this case.

 Given that the objective function is (weakly) concave and the constraint set is convex, the
 Kuhn-Tucker conditions are sufficient as well as necessary for an optimal contract, and the
 proposition is proved. Q.E.D.

 One Free Self-Interested Auditor

 PROOF OF PROPOSITION 1: Define

 2q AO + qAO2 - 2A02 AO(4r -,A - 2)

 at(r)= 2q(2r - 1) (r) 2(2r - 1)
 In proving Proposition 1 we will show that the optimal contract satisfies:
 (i) If r < (1/(2 - q)), the NA scheme is applied.
 (ii) If r > (1/(2 - q)) and ptm* <a(r), w = Pm = pm* and the scheme RE is applied.
 (iii) If r > (1/(2 - q)) and a(r) < pm* <f13(r), w = Pm = pm and the scheme EA is applied.
 (iv) If r > (1/(2 - q)) and 83(r) < pyPm the following scheme-labeled CP-is applied:

 ,AO(l - r) e2 1
 e, = 1 z (-r-1 , e2=1, t1= - +y(1-r)Pm, t

 7=--T~~~~L' t2==pm
 2r- 1 2 2

 ( 3 w _ M=P*

 (v) If r = 1 and 83(r) < pm* the first best-labeled FB-is attained: el = e2 = 1, tl = t2 = 1/2,
 y=1, w=pm=Ptm=P

 The principal's maximization problem can be simplified by the following two lemmas.

 LEMMA 1.1: Without loss of generality, one can set w= pm.

 PROOF: This is the lowest value compatible with CIC. (Note that when y = 0 the value of w is
 irrelevant.) Q.E.D.

 LEMMA 1.2: Without loss of generality, one can set pm = pm*.

 PROOF: Given a contract with parameters y and pm consider a new contract with pm replaced
 by ptm* and 9 = ((yPm)/Pm*) everything else being the same.
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 652 F. KOFMAN AND J. LAWARREE

 Clearly this new contract satisfies the constraints as well as the old one. Moreover the principal's
 payoff is unchanged given Lemma 1.1. Q.E.D.

 These results enable the restatement of the principal's problem as a problem with a concave
 objective function.

 The Lagrangian for this problem is:

 L = q{01 + e1-t1} + (1-q){02 + e2-t2} + Ai(t - - - y(l - r)Pm*

 2 2 _,(e1AO)2 *
 ( A t2 ) + A3 t2 2 - -tl + 2 +yrPm*} +A{1 -y}

 with the additional nonnegativity constraints.
 The Kuhn-Tucker conditions for maximization are:

 AL AL
 (1.1) - = q- Ale, + A(el - A) 6 O, el -e = ?;

 AL AL
 (1.2) - = (1-q)- (A2 + A3)e2 < O, e2 e = 0;

 AL AL

 (1.3) -=-q + A1-A3 S 0, tlat1-?

 AL AL

 (1.4) -=-(1-q)l+A2+A33 0, t2 =0 ;
 at, at,

 AL AL

 (1.5) - = -Al(l-r)Pm + A3rPm -A4 < o y a = 0; ay ay

 plus the constraints and their complementary slackness conditions.
 As in Proposition 0, one can readily derive that e1 > 0, e2 > O, t1 > 0, t2 > 0, and that

 A3
 (1.1*) el = 1--AO,

 q

 (1.2*) e2= 1

 (1.3*) A1=q+A3,

 (1.4*) A2+A3= 1-q,

 aL

 (1.5*) [-q(l -r) + A3(2r- ')]Pm* -A4 < ? y d = 0.

 Note that (1.4*) implies that A3 < (1 - q). Therefore, from (1.5*), one can have y > 0 only if

 [-q(l-r) + (1-q)(2r-')]PM -A4 > 0
 or r > (1/(2 - q)). Conversely, r < (1/(2 - q)) implies y = 0 and, the NA scheme is derived
 analogously to Proposition 0.

 Now, suppose that r> (1/(2 - q)). From (1.5*), y = 0 would imply A3 < 1 - q. Similarly to
 Proposition 0, this yields a contradiction.

 From now on, consider the case r > 1/(2 - q) and y > 0. Consider 6 possible cases: (a) A2 = 0,
 A3 = 0; (b) A2 = 0, A3 > 0, and y < 1; (c) A2 = O, A3 > 0, and y = 1; (d) A2 > O, A3 > 0, and y = 1;
 (e) A2 > O, A3 > 0, and y < 1; (f) A2 > O, A3 = 0.

 (a) contradicts (1.4*).
 (b) contradicts (1.4*) or (1.5*).
 From (1.1*), (MIR1), (MIC), one finds that possibility (c) corresponds to scheme RE.
 From (MIR1), (MIR2), (MIC), one finds that possibility (d) corresponds to scheme EA.
 From (1.5*) (MIR1), (MIR2), (MIC), one finds that possibility (e) corresponds to scheme CP.
 From (1.5*), (MIR1), (MIR2), (MIC), one finds that possibility (f) corresponds to scheme FB.
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 COLLUSION IN HIERARCHICAL AGENCY 653

 One also finds that RE satisfies (MIR2) if and only if pm* <S (r). CP satisfies y = f3(r)/Pm* if
 and only if pm* > /3(r) and r < 1. FB satisfies (1.5*) if and only if Pm* > /3(r) and r = 1. In the
 remaining case, pm* E [a(r), /3(r)]. Therefore, only the scheme EA (possibility (d)) is possible. It is
 easy to verify that indeed EA satisfies the Kuhn-Tucker condition in this case.

 Given that the objective function is (weakly) concave and the constraint set is convex, the
 Kuhn-Tucker conditions are sufficient as well as necessary for an optimal contract, and the
 proposition is proved. Q.E.D.

 One Self-Interested Internal and One Truthful ExternalAuditor

 PROOF OF PROPOSITION 2: Define

 r q r

 q(r, z, pi) = _2 1 z _ Pi; p(r, z, P') = z - pi;

 and

 AO[(2_A)+ - (OA2)2 16r3zj
 &A(r, z) = - 4(2r-1)

 In proving Proposition 2 we will show that the optimal contract satisfies:
 (i) If r < min {1/(2 - q); -11-(Pm, Pi, z)}, the NA scheme is applied.
 (ii) If 77 - l(pm, pi, z) < r < p - l(Pm, Pi, z), the two auditors are used (y > 0, a > 0). We label this

 region TA. If Pm < a(r), the RE scheme is applied. If a(r) <Pm <w'(r, z), the EA scheme is
 applied. If Pm > w'(r, z), the RA scheme is applied. (The incentive schemes applied in this region
 are analogous to the ones of Proposition 0 when the cost of the auditor is r5z instead of z.)

 (iii) If r> max{1/(2 - q); p-1(Pm,P p, z)}, only the internal auditor is used according to
 Proposition 1.

 (FB) If r = 1 and /(r) < Pm the first best is achieved.
 The following lemmas simplify the principal's maximization problem.

 LEMMA 2.1: Without loss of generality, one may set w = max {0, pm - S5(pm + Pi)}.

 PROOF: This is the lowest value compatible with the nonnegativity of w as well as CIC. Q.E.D.

 Given Lemma 2.1, the principal's objective function becomes

 q{01 +e1-t1 +y[(1-r)min[Ppm, b(Pm +Pi)]-rsz] + (1-y)qp[(1-r)Pm-z]}

 + (1 - q){02 + e2 - t2}.

 LEMMA 2.2: Without loss of generality, one may assume that

 t0 if (1-r)(Pm + Pi) < rz,

 l pm pi i(1r)(PM + pi) > rz.

 PROOF: Obvious.

 LEMMA 2.3: Without loss of generality,, one may assume that (p = 0.

 PROOF: Given a contract with parameters y and (p, consider a new contract with y replaced by
 = y + (1 - y)<p and 'p replaced by p = 0, everything else being the same. Clearly the constraints

 are satisfied by the new contract as well as the old one. However the principal's payoff differs by

 (1- y)'p{ (1- r) min [pm, S(Ppm + pi)] - r5z - (1 - r)Pm + z}.
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 654 F. KOFMAN AND J. LAWARREE

 If rz > (1 - r)(Pm + P'), this is equal to (1 - y)fp(z - (1 - r)P') > 0 because by Lemma 2.2, 8 = 0.
 If rz S (1 - rXPm + pi), this is equal to (1 - y)<p(z - r8z) > 0 because, by Lemma 2.2, 8 = Pm/
 (Pm + Pi). In either case, the principal does not lose by the change. Q.E.D.

 LEMMA 2.4: Without loss of generality, one may assume that P'= pi*, Pm= pm*.

 PROOF: Given a contract with parameters y, pi, pm, consider a new contract with Pi replaced by
 pi, pm replaced by pm*, adapted to ? according to Lemma 2.2, and r - y(pm/pm*), everything
 else being the same. Clearly the new contract satisfies the constraints as well as the old one.
 However the principal's payoff differs by: y5[(1 - r)(Pm + pi -rz - y [(1-r)(Pm + P)-rz
 which is nonnegative since 3, 8 satisfy Lemma 2.2 for pm + pi and Pm + pi. Q.E.D.

 These results permit the following simplification of the principal's problem:
 (I) If (1 - r)(pm + pi ) < rz, the principal may be taken to solve

 Max q{01 + e1-t1} + (1 - q){02 + e2 - t2}

 subject to MIR1, MIR2, MIC. The solutions to this problem have been characterized in Proposition
 1, so no further comment is necessary.

 (II) If (1 - rXPm + p* ) > rz, the principal may be taken to solve

 Maxq (O+el tl+y[(1-r)Ptm*r ptm (1- q){02 +e2-t2}

 subject to MIR1, MIR2, MIC. The Lagrangian for this problem is

 ( [ ) pm *1\ ( { L =q01 +el -t1 +4(1 -r)Pm*-rm P.* z] + (1 - q){02 +e2 -t2}

 +Al(ti - 2 -(1-r)Pm*y} +A2(t2 2

 e2 (el j,AO)2+P *}+ {1Y + A3(t2- 2 -tl+ 2 +rPm*y +A4{1 -}

 with the additional nonnegativity constraints.
 The Kuhn-Tucker conditions for maximization are

 dL dL
 (2.1) -= q-Ale, + A3(el-AO) < 0, e d- = O;

 dL dL
 (2.2) - = (1-q)-(A2 + A3)e2 S 0, e2 - = 0;

 de2 de2

 dL dL
 (2.3) -= -q+A1-A3S0, t1 - = ?;

 at, at,

 dL dL
 (2.4) -=-(1-q)+A2+A3?0, t2 - =0;

 at2 at2

 (2.5) d =q[(l-r)P-m*r ptm* + - Al(l-r)Pm + A3rPM- -A < 0;

 plus the constraints and their complementary slackness conditions.
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 As in Proposition 0, one can readily derive that e1 > 0, e2 > O, t1 > O, t2 > 0 and that

 A3
 (2.1*) el=1--AO;

 q

 (2.2*) e2= 1;

 (2.3*) A1 = q + A3;

 (2.4*) A2+A3= 1-q;

 aL r r PM* 1-( ~ \m

 (2.5*) =q 1(1-r)Pm *-r p, z -q(1-r)Pm* + A3(2r OPM A4 < O-

 Suppose that y = 0. Then, A4 = O, A2 = O, A3 = 1 - q, and A1 = 1.
 From (2.5*) one has that

 rz

 q (1-r)-pm i -(1-r) +(1-q)r< O,

 which implies that

 PM* rqz
 (2r - 1)(1 - q)

 Conversely,

 pm* rqz p
 <(2r -1)(1 -q)

 implies that (dL/dy) < 0 which implies that y = 0.
 Suppose that y > 0. The solutions to this problem have been characterized in Proposition 0

 replacing z by r3z, so no further comment is necessary.
 Given that the objective function is (weakly) concave and the constraint set is convex, the

 Kuhn-Tucker conditions are sufficient as well as necessary for an optimal contract, and the
 Proposition is proved. Q.E.D.
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