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We apply the First-Order Approach and Monotone Comparative Statics
to the continuous-type, three-tier agency model with hidden information and
collusion à la Tirole (1986,1992), characterize the nature of equilibrium contract implemented under the possibility of collusion between supervisor and
agent, and obtain a general comparison result on the two-tier vs. three-tier
organization structures. We then introduce a behavioral idea, “shading” (Hart
and Moore (2008)). By combining the two ideas, collusion and shading, we
obtain a new result on the choice of Collusion-proof vs. Equilibrium Collusion
regimes, and give a micro foundation to ex-post haggling costs, addressed by
Transaction Cost Economics.
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1. INTRODUCTION
In this paper, we apply the “First-Order Approach” and the “Monotone
Comparative Statics” to the continuous-type, three-tier agency model with
hidden information and collusion à la Tirole (1986,1992), thereby providing
a framework that can address the issues treated in the existing literature
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in a much simpler fashion. Then, we characterize the nature of equilibrium
contract that can be implemented under the possibility of collusion between
the supervisor and the agent, and obtain a general comparison result on
the two-tier vs. three-tier organization structures. Next, we introduce a
behavioral contract theory idea, “shading” (Hart and Moore (2008)) into
the model. By combining the two ideas, i.e., collusion and shading, we can
not only enrich the existing collusion model, including a new result on the
choice of Collusion-proof vs. Equilibrium Collusion regimes, but also give
a micro foundation to ex-post haggling costs, addressed by Transaction
Cost Economics (e.g. Coase (1937) and Williamson (1975)). This will contribute to a deep understanding of resource allocation and decision process
in hierarchical organization.1
The research, which deals with a three-tier agency model with hidden information and collusion, has so far been developed by Tirole (1986, 1992),
Laffont and Tirole (1991, 1993), and Laffont and Martimort (1997) etc. In
addition, Kofman and Lawarree (1993) applied a three-tier agency model
— consisting of the two-type (productivity) agent, the internal and external auditors (supervisors), and the principal — to the issue of auditing and
collusion.2 However, such literature has a rather complicated model whose
structure involves a Kuhn-Tucker problem with many IC (Incentive Compatibility) and IR (Individual Rationality) constraints, and is not a simple
mathematical model. This mathematical complexity is a disadvantage.
In contrast, we construct a three-tier agency model with a continuum of
types in this paper, where we exploit the “Monotone Comparative Statics”
à la Topkis (1978) and Edlin and Shannon (1998), and the “First-Order
Approach” à la Mirrlees (1971), which is a widely-used way to reduce the
number of incentive constraints by replacing them with the corresponding
First-Order Conditions. We thereby provide a framework that can address
the issues treated in the literature in a much simpler fashion.
The basic tradeoff in our model is the benefit from the reduction in
information rent by adding the auditor (supervisor) versus the resource
cost of adding him into the hierarchy, and this bottom line is basically
preserved through the model. The optimal collusion-proof contract in the
Principal-Supervisor-Agent three-tier regime has the property whereby (1)
Efficiency at the top (the highest type) and (2) Downward distortion for all
other types, and the downward distortion is aggravated at the optimum, in
1 The examples of hierarchical organizations would include, though not be restricted to,
the corporate hierarchy, consisting of Manager, Foreman, and Worker, the governmental
procurement, consisting of Department of Defense, Contracting Company, and Subcontractor, and the regulatory institutions, consisting of Congress, Government Agency,
and Regulated Firm, à la Laffont and Tirole (1991).
2 Bolton and Dewatripont (2005)’s textbook presents a simple version of the collusion
models (Tirole (1986), Kofman and Lawarree (1993)).
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comparison with the Principal-Agent two-tier regime. The optimal solution
allows simple comparative statics, which shows that downward distortions
from the first best output levels increase when the accuracy of supervision
and the efficiency of collusion increase. This would be a specific contribution to the literature.
We compare the payoffs between two regimes, that is, the ‘Three-tier’
Collusion-proof regime (TH) and the ‘No-Supervisor’ (standard ‘Two-tier’)
regime (TW). We find that under the assumption that the cost of introducing the supervisor (a transaction cost) is zero, the principal prefers the
‘Three-tier’ Collusion-proof regime (TH) in terms of his expected payoff.
Intuitively, since the principal does not commit himself not to adjust the
output (quantity) rule as well as the price rule in the ‘Three-tier’ Collusionproof regime (TH), he optimally adjusts both of them and tries to design
a “more state-contingent” contract through more efficient use of supervisor’s report, which is more efficient than the pooling output (quantity)
rule, where the principal insists on implementing an output function which
varies only with the type of the agent.3
Then, we incorporate behavioral elements à la Fahr and Schmidt (1999)
into the model, and examine their effects on the optimal solution in the
principal-supervisor-agent hidden information model with collusion. We
find that these behavioral elements can change the monetary reward for
inducing the true information, and so the virtual surplus for each type is
also altered through the change in the information rent (an incentive cost
for inducing a truthful information revelation). Thus, the optimal solution
with behavioral elements can be different from the one with no behavioral
elements. More concretely, we introduce the recent behavioral contract
theory idea, “shading” (Hart and Moore (2008)) into our collusion model.
Hart and Moore (2008) introduced a behavioral idea that a contract provides a reference point for parties’ feelings of entitlement. A party who
felt aggrieved in terms of his entitlement shades (punishes) the party who
aggrieved him to the point where his payoff falls by a constant multiplied
by the aggrievement level, that is, the former shades (punishes) the latter by a constant times the aggrievement level. In their model, contracting
parties possess behavioral preferences: they prefer to impose losses on their
contracting partner if they perceive that their partner has chosen an action within the range permitted formally that falls short of “consummate”
performance. In sum, each party interprets the contract in a way that is
most favorable to him, which generates a conflict of entitlements. When he
does not obtain the most favored outcome within the contract, he engages
3 Suzuki (2018) applied this analysis to the three-tier hierarchical structure of Global
Pollution Control, which consists of the Supra-National Regulator, the Government, and
the Polluting Firm.
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in shading. This will lead to ex post controversy and mutual punishment,
which may bring about a great deal of ex post inefficiency.
We introduce this behavioral idea, “shading” as a component of expost haggling (addressed by Coase (1937) and Williamson (1975)) into
our model, thereby constructing a new model of hierarchical organization.
By combining the two ideas, i.e., collusion and shading, we can enrich the
existing model and obtain a new result on Collusion-proof vs. Equilibrium
Collusion in that the increase in shading pressure (behavioral element)
strengthens the incentive for collusion, thereby makes it difficult to implement the collusion-proof (Supervisor’s truth telling) incentive schemes,
which leads to the Equilibrium Collusion. That is, the collusion-proof principle does not hold any more in the presence of strong shading pressures
(behavioral elements) and weak accuracy of supervision.4
Further, by considering shading as a component of ex-post haggling (addressed by Coase (1937) and Williamson (1975), more generally, Transaction Cost Economics (TCE)), we can give a micro foundation (an explicit
modeling) to ex-post adaptation costs, where we view rent-seeking associated with collusive behavior and ex-post haggling generated from aggrievement and shading as the two sources of the costs.5 By using this model,
we can analyze the optimal organizational design problem as an optimal
response to the trade-off between gross total surplus and ex-post haggling
cost. We believe that our model can help a deep understanding of resource
allocation and decision process in hierarchical organizations.
Our paper is constructed as follows. In section 2, we present our continuoustype, three-tier agency model consisting of three risk neutral parties, and
explain the timing and the full information benchmark (the First Best
solution). Then, we consider the optimal collusion-free contract, assuming that side contracts are infeasible (coalitions do not form), and at the
same time explain how to apply the Mirrlees First-Order approach and the
Monotone Comparative Statics. In section 3, we substantially analyze a
three-tier hierarchy, where the principal communicates not only with the
agent, but also with the supervisor. After introducing the possibility of
collusion between the supervisor and the agent, but still with no behav4 Suzuki (2019) shows how the “shading” mechanism (Hart and Moore, 2008) can
mitigate the ratchet effect and renegotiation problem in the dynamic adverse selection
setting.
5 Theoretically, our model deals with a situation where bilateral collusive contracts
are feasible while the grand contract is not feasible (i.e., an incomplete grand contract
situation), which corresponds to a case where the Coase Theorem will not hold since
externalities cannot be fully internalized (like in the Coase’s 1937 paper). It would be
novel and interesting to model the situation where the third party who suffers from the
negative externality brought by such bilateral, collusive contracts shades ex post the
colluding party (especially, the supervisor) by a constant times the aggrievement (the
negative externality he suffers from), in the three-tier agency framework.
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ioral element, we characterize the optimal collusion-proof contracts in our
unified framework. Then, we examine the payoff comparison between the
two (two-tier vs. three-tier) regimes, and provide some comparative statics
in the accuracy of monitoring, the possibility of collusion. In section 4, we
introduce the behavioral contract theory idea, “shading” into our collusion
model. By combining the two ideas, i.e., collusion and shading, we enrich
our collusion model and show how the analytical results are changed by the
introduction of behavioral elements, including a new result on the choice
of Collusion-proof vs. Equilibrium Collusion regimes. Section 5 concludes
the paper.
2. MODEL
2.1. The Parties
The framework of our analysis is a simple three-tier hierarchy. The
top of the hierarchy is the residual claimant of profits generated by the
whole structure: the principal (P). The bottom layer is the agent (A), the
only level that actually produces any output. The intermediate layer is
a supervisor (S), who is capable of collecting information on the agent’s
unobservable characteristics.
The agent is the productive unit of the structure; he controls a technology that generates the productive outputs. The agent is endowed with
a productive parameter θ, which has a continuous type space Θ = [θ, θ],
with the cumulative distribution function F (·) and a strictly positive density f (θ) = F 0 (θ), and is private information for the agent. C(X, θ) is the
effort cost for the agent of type θ to attain the output X, and for each θ
satisfies C(X, θ) > 0, ∂C(X, θ)/∂X > 0, ∂ 2 C(X, θ)/∂X 2 > 0, ∀X ∈ R+ . In
addition, we assume that the marginal cost of the output, ∂C(X, θ)/∂X, is
strictly decreasing in type θ, i.e., higher types always have gentler cost functions. W (X) is the wage scheme which the agent of type θ is faced with,
and then his utility function is described as U (X, θ) = W (X) − C(X, θ).
We assume that U (X, θ) has the Single Crossing Property (SCP), in the
sense that the derivative UX (X, θ) exists and is strictly increasing in θ ∈ Θ
for all X.6 Under the assumption that the wage scheme W (X) is differentiable, the SCP of U (X, θ) is satisfied, because the marginal cost of
output CX (X, θ) is strictly decreasing in type θ. We normalize the agent’s
reservation utility as 0 for all types.
The supervisor has a monitoring role in the structure. The principal
has access, at a cost Z, to the supervisor who is an internal auditor and
6 Edlin and Shannon (1998) introduced this SCP under the name of “increasing
marginal returns”. This condition, which can be also referred to as “Strict Increasing Difference” (Amir (2005)), is a key property to ensure our monotone comparative
statics.
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can, for each θ, provide proof of the fact (θ) with probability p, and with
1 − p, is unable to obtain any information. We assume that proofs of θ
cannot be falsified, and thus the agent is protected against false claims
that his type θ is higher/lower than it really is, and that this is hard
information- in the way Tirole (1986) defines this term. In other words,
the supervisor has to document every report he makes to the principal on
the agent’s productivity, and he has no way to produce enough supporting
documentation for a false report. Therefore, the principal can verify the
truth of the supervisor’s report. Payoff of the supervisor is described by
the wage payment WS and S’s reservation utility is 0.
The principal is risk neutral: he observes both the productive output X
and the report of the supervisor r which are both verifiable to third parties.
2.2. Timing
We now describe the information structure and the extensive form of
our model. The information structure is such that before contracting the
agent knows his unobservable productivity θ while the other parties share
a common prior f (θ). Negotiation takes place among the principal, the
supervisor, and the agent. The principal is assumed to have all the bargaining power: he proposes a take-it-or-leave-it offer C (contract) to both
the agent and the supervisor, which specifies a schedule of compensations
for both supervisor and agent as a function of the output X and the supervisor’s report r. That is, the contract C consists of W (X, r) for the
agent and WS (X, r) for the supervisor. The agent and the supervisor observe each other’s contracts and take the decision to accept or reject C,
simultaneously and independently.
If the contract is accepted, then the supervisor learns the signal on the
productivity of the agent, and the collusion between the agent and the
supervisor may take place. We assume, for simplicity, that in the collusion
game the agent has all the bargaining power and makes a take-it-or-leave-it
collusive offer to the supervisor. The supervisor can only accept or reject
the offer.
The supervisor then produces a report for the principal. This report
is public information. The agent chooses effort, output is realized, and
the three parties exchange transfers according to the latest contractual
agreements (main and side contracts).
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2.3. The Full Information Benchmark (First Best)
As a benchmark, we consider the case in which the principal observes
the agent’s type θ. Given θ, he offers the bundle (X, WS , W ) to solve:
max
(X,WS ,W )

s.t.

X − W (X) − WS (X)
W (X) − C(X, θ) ≥ 0 (IR of the agent)
WS (X) ≥ 0 (IR of the supervisor).

The supervisor’s and the agent’s Individual Rationality constraints bind
at an optimal solution. Then, the principal eventually solves maxX X −
C(X, θ), which is exactly the total surplus maximization. Let X F B (θ)
denote a solution to this maximization problem, called the First Best (FB)
solution.
Now, we assume that the First Best output levels X F B (θ) exist and
unique for each type θ. Uniqueness of X F B (θ) is ensured by assuming
that total surplus T S = X − C(X, θ) is strictly concave in X, which is
2
2
< 0. Then, according to Edlin and
satisfied because ∂∂XT 2S = − ∂ C(X,θ)
∂X 2
Shannon (1998), we check whether our assumptions ensure that the First
Best output X F B (θ) is strictly increasing in type θ. If −C(X, θ) satisfies
SCP, then total surplus X − C(X, θ) satisfies SCP, and if X F B (θ) is in the
interior for each θ, we see that X F B (θ) is strictly increasing in θ.
2.4. Optimal Contract when Side Contracts are infeasible (Collusionfree Solution: CF)
We first consider the optimal contract, assuming that side contracts are
infeasible (coalitions do not form). As the proposition 1 of Tirole (1986)
says, in the absence of coalitions, the optimal contract is equivalent to the
optimal contract between the principal and the agent when the principal
has the supervisor’s information structure. The supervisor’s wage is constant in all states of nature, and he obtains his reservation utility 0. Since
the supervisor has no incentive to lie (conceal the evidence), the principal
can obtain the supervisor’s information at “minimal cost.” In this case, the
three-tier structure substantially boils down to the two-tier principal/agent
one, and the supervisor plays a completely passive role, just like a machine.
The principal has full information when the supervisor observes the true
state s = θ and can implement the first best contracts, which occurs with
probability p, and when the agent observes θ but the supervisor observes
nothing s = φ with probability 1 − p, the incentive problem is restricted to
the agent’s truth-telling problem, the issue wherein is to induce the agent
to reveal the true information θ.
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2.4.1.

The Revelation Principle

Now we consider a different contract from the contract W : X → R
which we have considered so far, where the agent is asked to announce his
type θ̂, and receives payment W (θ̂) in exchange for an output X(θ̂) on the
basis of his announcement θ̂. This contract (W (θ̂), X(θ̂)) is called a Direct
Revelation Contract. According to the Revelation Principle, any contract
W : X → R can be replaced with a Direct Revelation Contract that has an
equilibrium in which all types receive the same bundles as in the original
contract.7
2.4.2. Incentive Constraints for the Agents with a Continuum of Types
under Asymmetric Information
The principal’s problem for designing the optimal collusion-free contract
can be written as:
Z
max

hX(·),W (·)i

p

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

θ

Z
+(1 − p)

θ

[X(θ) − WS (θ, φ) − W (θ)]f (θ)dθ
θ

s.t.

W (θ) − C(X(θ), θ) ≥ W (θ̂) − C(X(θ̂), θ)(ICθθ̂ ) ∀θ, θ̂ ∈ Θ
W (θ) − C(X(θ), θ) ≥ 0
WS (θ, s) = 0

(IRθ of the agent) ∀θ ∈ Θ

(IR of the supervisor is binding) ∀θ ∈ Θ, s ∈ {θ, φ}

The first term of the principal’s objective function comes from the fact
that the principal has full information when the supervisor observes the
true state s = θ, with probability p, and then can implement the first best
solutions X F B (θ) for each θ. Just as in the two-type case, only the lowest
type agent’s IR binds out of all the participation constraints.
Lemma 1. At a solution (X(·), W (·)), all IRθ with θ > θ are not bind-

ing, and only IRθ is binding.
As for the analysis of ICs with a continuum of types, Mirrlees (1971)
introduced a widely used way to reduce the number of incentive constraints
by replacing them with the corresponding First-Order Conditions.8 The
“trick” is as follows.
7 As for the Revelation Principle, see, Fudenberg and Tirole (1991) and Bolton and
Dewatripont (2005).
8 Fudenberg and Tirole (1991) pp257-268 reviews the First Order Approach.
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(IC) can be written as θ ∈ arg maxθ̂∈Θ U (θ̂, θ), where U (θ̂, θ) = W (θ̂) −
C(X(θ̂), θ) is the utility that the agent of type θ receives by announcing
that his type is θ̂. If θ ∈ (θ, θ) and U (θ̂, θ) is differentiable in θ̂, then the
first order condition ∂U∂(θ̂,θ)
|θ̂=θ = 0 is necessary for the above optimality.
θ̂
We define the Agent’s equilibrium utility (the value):
U (θ) ≡ U (θ, θ) = W (θ) − C(X(θ), θ).

(1)

Note that this utility depends on θ in two ways — through the agent’s
true type and through his announcement. Differentiating with respect to
θ, we have U 0 (θ) = Uθ̂ (θ, θ) + Uθ (θ, θ), where the first derivative of U is
with respect to the agent’s announcement (the first argument) and the
second derivative is with respect to the agent’s true type (the second argument). Since the first derivative equals zero by
the Envelope condition
U 0 (θ) = Uθ (θ, θ) = −

∂U (θ̂,θ)
|θ̂=θ
∂ θ̂

∂C(X(θ), θ)
.
∂θ

= 0, we have

(2)

By integrating it, we have the important formula:
Z
U (θ) = U (θ) −
θ

θ

∂C(X(τ ), τ )
dτ
∂τ

(ICFOC)

(ICFOC) demonstrates that with a continuum of types, incentive compatibility constraints pin down up to a constant plus all types’ utilities for
a given output rule X(·).9 This is a remarkable result that holds only for
the continuous-type case.
(ICFOC) is consistent with the truthful announcement θ̂ = θ being a
local maximum, but may not be a global maximum. It is even consistent
with truthful announcement being a local minimum. To rule out these
situations Topkis (1978) and Edlin and Shannon (1998) establish that the
agent’s output choices in any incentive compatible contract are nondecreasing in type. Thus, any piecewise differentiable IC contract must satisfy that
X(·) is nondecreasing (M). Under SCP, ICFOC in conjunction with (M)
do ensure that truth telling is a global maximum, i.e., all ICs are satisfied:
Lemma 2. (X(·), W (·)) is Incentive Compatible if and only if both (IC-

FOC) and (M) hold, where U (·) is given by (1).
9 Our methodology is related to the “Envelope Approach” in auction theory, e.g., the
analysis of first price auction by the envelope approach. As for it, e.g., see Milgrom
(2004).
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Proof. See, Appendix A.1.
Given (ICFOC), we can express transfers:

W (θ)
| {z }

Wage Payment

= C(X(θ), θ) +
| {z }
Effort Cost

U (θ)
| {z }

Information Rent
given for type θ

The collusion-free optimal solution will be derived as a special case of
the unified analysis in section 3.
3. OPTIMAL CONTRACT WHEN SIDE CONTRACTS ARE
FEASIBLE (COALITIONS CAN FORM)
3.1. The Collusion-proof Problem
In this section, we consider the three-tier hierarchy, where the principal
can have access to the supervisor at a cost Z.10 In that case, the supervisor
can, for each θ, provide a proof of this fact with probability p, and with 1−p,
is unable to obtain any information. We assume that proofs of θ cannot be
falsified. That is, θ is hard information.11 On the other hand, the agent can
potentially benefit from a failure by the supervisor to truthfully report that
his type is θ when the supervisor observed the signal θ. The supervisor will
collude with the agent if he benefits from such behavior. We assume the
following collusion technology: if the agent offers the supervisor a transfer
(side payment) t, he benefits up to kt, where k ∈ [0, 1]. That is, only a
fraction, k ∈ [0, 1], of the agent’s side payment ends up in the supervisor’s
hands. The idea is that transfers of this sort may be subject to transaction
costs.12 We assume that side-contracts of this sort are enforceable (See,
Tirole 1992).13
Now, suppose that the type of the agent is θ. When the supervisor
cannot obtain any information for θ (which occurs with probability 1 −
p), the only thing the supervisor can do is reporting r = φ. Then, the
principal implements the screening contract (Direct Revelation Contract)
{X(θ̂), W (θ̂)} under asymmetric information in the Principal-Agent, two10 Z is the cost for the principal to communicate with the supervisor, which includes
a cost for verification of the supervisor’s report with proof (evidence).
11 We assume that the agent correctly knows whether the supervisor is informed of
his type information θ or not. This is the same assumption as the early literature, e.g.,
Tirole (1986).
12 The case k = 0 corresponds to a full dead weight loss in the side transaction and
yields the collusion-free (no-collusion) case.
13 Of course, enforceability of side contracts should have some more (theoretical or
behavioral) foundation. In section 4, we introduce a new idea where the behavioral
element (“Shading”) becomes a strong driver that implements Equilibrium Collusion
(side contract) between the supervisor and the agent.
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tiered hierarchy. Then, the type θ agent can obtain the information rent
U (θ).
When the supervisor has obtained the hard evidence for θ (which occurs
with probability p), the supervisor can choose a report r ∈ {φ, θ}, where φ
means that he did not obtain any information. If the principal receives the
report (with hard evidence) from the supervisor that the type information
is θ, the principal can eliminate the downward distortion and implement
the first best contract {X F B (θ), W F B (θ)} and then exploit the information
rent U (θ) from the type θ agent. (This arrangement is committed in the
initial contracts.) If the type θ agent anticipates this outcome, since the
agent can benefit from a failure by the supervisor to report his type θ
truthfully, he will offer the supervisor the transfer (side payment) t = U (θ),
the amount equivalent to his information rent, of which the supervisor
benefits up to kt, where k ∈ [0, 1]. Hence, the principal must pay WS (θ) =
kU (θ) to the supervisor in opposition to the collusive offer by the agent, in
order to elicit true information.
In other words, in order to deter collusion between the supervisor and
the agent, the principal will have to offer the supervisor a reward WS (θ) for
reporting r = θ, such that the coalition incentive compatibility constraint
WS (θ) ≥ kU (θ) is satisfied, from which the optimal transfer WS (θ) =
kU (θ) is derived. (This reward scheme is also committed in the initial
contract to the supervisor.)
To summarize, when the supervisor obtains the proof of θ with probability p, the principal can implement the first best payoff X F B (θ) −
C(X F B (θ), θ), but must pay the incentive reward kU (θ) for the supervisor to tell the truth r = θ. This is the essential difference from the
collusion-free regime with no supervisory reward.
On the other hand, when the supervisor cannot obtain any information
for θ with probability 1−p, the principal implements the screening contract
(Direct Revelation Contract) {X(θ̂), W (θ̂)} under asymmetric information,
and in equilibrium gives the information rent U (θ) to the type θ agent, in
exchange for attaining total surplus X(θ) − C(X(θ), θ).
Substituting X(θ) = X F B (θ), WS (θ) = kU (θ) and W (θ) = C(X F B (θ), θ)
with probability p, and X(θ) = X(θ), WS (θ) = 0 and W (θ) = C(X(θ), θ)+
U (θ) with probability 1 − p, into the Principal’s objective function X(θ) −
WS (θ) − W (θ), the expected total surplus minus the expected information
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rent for type θ is written as


p ×
|{z}

θis
observed



X F B (θ) − C(X F B (θ), θ)
|
{z
}


−kU (θ)

(Ex post) First Best Allocative Efficiency

+ (1 − p)[X(θ) − C(X(θ), θ) − U (θ)]
= (1 − p)[X(θ) − C(X(θ), θ)] + p[X F B (θ) − C(X F B (θ), θ)]
− [(1 − p) + pk]U (θ).
Hence, the principal’s optimization problem is as follows.
θ

Z
max
X(·),U (·)

h
i
(1 − p)[X(θ) − C(X(θ), θ)] + p[X F B (θ) − C(X F B (θ), θ)] − [(1 − p) + pk]U (θ) f (θ)dθ − Z

θ

dX(θ)/dθ ≥ 0 : X(θ)is nondecreasing
Z θ
∂C(X(τ ), τ )
U (θ) = U (θ) −
dτ
∂τ
θ

s.t.

U (θ) = W (θ) − C(X(θ), θ) ≥ 0

3.2.

(M)
(ICFOC)
(IRθ ).

Solving the Relaxed Program

Thus, the principal’s optimization problem can be rewritten as
Z

θ

[(1 − p)[X(θ) − C(X(θ), θ)] − [(1 − p) + pk]U (θ)]f (θ)dθ

max
X(·)

θ

Z
+p

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ − Z

θ

dX(θ)/dθ ≥ 0 (M) ∀θ

s.t.
where

Rθ
θ

U (θ)f (θ)dθ can be called the expected information rent.

Lemma 3. Expected Information Rent is transformed as follows.

Z

θ

Z
U (θ)f (θ)dθ = U (θ) −

θ

θ

θ

∂C(X(θ), θ) 1 − F (θ)
f (θ)dθ.
∂θ
f (θ)

(3)

Proof. See, Appendix A.2.
Substituting these expected information rents into the principal’s program, and ignoring the constant terms, the program for designing the
collusion-proof contract becomes
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Z


(1 − p)[X(θ) − C(X(θ), θ)] + [(1 − p) + pk]

max
X(·)

s.t.

θ

329


∂C(X(θ), θ) 1 − F (θ)
f (θ)dθ
∂θ
f (θ)

dX(θ)/dθ ≥ 0 (M) ∀θ.

(4)

We ignore the Monotonicity Constraint (M) and solve the resulting relaxed program.14 Thus, the principal maximizes the expected value of the
expression within the square brackets, the virtual surplus, and denoted by
J(X, θ). This expected value is maximized by simultaneously maximizing
virtual surplus for (almost) every type θ, i.e.,
X S (θ)



∈
⇐⇒
+

1 − F (θ)
X(·)
f (θ)




1 − F (θ) ∂C(X(θ), θ)
(1 − p) X(θ) − C(X(θ), θ) +
f (θ)
∂θ


1 − F (θ) ∂C(X(θ), θ)
pk
.
f (θ)
∂θ

arg max(1 − p)[X(θ) − C(X(θ), θ)] + [(1 − p) + pk]



∂C(X(θ), θ)
∂θ

This defines the optimal output rule X S (·) for the relaxed program. The
principal’s choice of X S (θ) can be understood as a trade-off between maximizing the expected total surplus for type θ when the supervisor cannot
obtain any information for θ with probability 1 −p and reducing the sum of
information rents both when the supervisor cannot obtain any information
for θ with probability 1 − p and when the supervisor can obtain the proof
of true information, with probability p.
In particular, for the highest type θ, there are no higher types, i.e.,
F (θ) = 1 and the principal just maximizes total surplus, choosing X S (θ) =
X F B (θ). In words, we have efficiency at the top. For all other types,
the principal will distort output to reduce information rents. To see the
direction of distortion, consider the parameterized maximization program


1 − F (θ) ∂C(X(θ), θ)
max Ψ(X, ξ) = X(θ) − C(X(θ), θ) +ξ
.
X∈X
|
{z
}
f (θ)
∂θ
Total Surplus

Here ξ = 0 corresponds to total surplus-maximization (first-best), ξ = 1
(p = 0 or k = 0) corresponds to the principal’s second best problem,15
14 Since the Monotonicity Constraint (M) is the necessary condition for implementability, we present a sufficiency condition for the condition (M) to be satisfied, in the proposition2.
15 p = 0 corresponds to the standard two-tier asymmetric information regime (TW),
and k = 0 (p > 0) corresponds to the collusion-free (no-collusion) regime (CF) in section
2.4. When p = 1, the principal can implement the first-best solution X F B (θ), ∀θ, where
the optimal solution is X S (θ) = 0, ∀θ, thereby the information rent is also U (θ) = 0, ∀θ.

(5)
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pk
corresponds to the collusion-proof three-tier problem (the
and ξ = 1 + 1−p
above relaxed problem).h16
i
1−F (θ) ∂ 2 C(X(θ),θ)
Note that ∂Ψ(X,ξ)
< 0 for θ < θ since the agent’s
∂X∂ξ =
f (θ)
∂X∂θ

payoff has the single crossing property (SCP), that is ∂ 2 U (X, θ)/∂X∂θ =
−∂ 2 C(X, θ)/∂X∂θ > 0. Thus, Ψ(X, ξ) has SCP in (X, −ξ). Based on
Edlin and Shannon (1998), we have X ∗ (ξ ≥ 1) ≤ X ∗ (ξ = 1) ≤ X ∗ (ξ = 0),
that is, X S (θ) ≤ X SB (θ) ≤ X F B (θ) for all θ < θ.
Thus, in the collusion-proof three-tier regime, the principal induces less
marginal incentives than the second best regime, in order to reduce the
information rents paid to the supervisor and the agent θ (and the information rents of all types above θ), in other words, in order to reduce the
implementation costs for any X < X S (θ) = X F B (θ). Thus, we obtain the
following proposition.
Proposition 1. In the Principal-Supervisor-Agent three-tier regime with
a continuum of types, the optimal collusion-proof contract has the property
that
(1) Efficiency at the top (the highest type θ) X S (θ) = X F B (θ). (2)
Downward distortion for all other types θ ∈ [θ, θ) is aggravated, that is,

X S (θ)

≤
|{z}

Equality holds
at p = 0 or k = 0

X SB (θ)

≤
|{z}

X F B (θ).

Equality holds
at θ = θ

Now, remember that we ignored the monotonicity constraint (M) and
solved the relaxed program. So, we need to check that the solution X S (θ)
indeed satisfies the monotonicity constraint (M), that is, the output rule
X S (θ) is nondecreasing. We define h(θ) ≡ f (θ)/[1 − F (θ)] > 0, which is
called the hazard rate of type θ17 . Then, the principal’s program can be
rewritten as


1 ∂C(X, θ)
pk
.
(5’)
max J(X, θ) = X − C(X, θ) + 1 +
X∈X
1 − p h(θ)
∂θ
Based on Topkis (1978) and Edlin and Shannon (1998), assuming that
C(X, θ) is sufficiently smooth, a sufficient condition for X S (θ) to be nonpk
= 1 + 1−p
is
17 Fudenberg and
16 ξ

(1−p)+pk

the relative weight of the last term (virtual cost), i.e. (1−p) .
Tirole (1991) examines when it is legitimate to focus on the relaxed
program, by using the differentiability approach (i.e., analyzing total differentiation of
the first order condition to the relaxed program), not using the monotone comparative
statics method. They derive the monotone hazard rate condition, that is, the condition2
of Proposition 2 as the assumption sufficient to satisfy the monotonicity constraint (M).
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decreasing in θ is for the following derivative to be strictly increasing in:


∂J(X, θ)
∂C(X, θ)
pk
1 ∂ 2 C(X, θ)
=1−
+ 1+
.
(6)
∂X
∂X
1 − p h(θ) ∂X∂θ
Since −C(X, θ) satisfies SCP, the second term is strictly increasing in θ,
and the first term does not depend on θ. The only problematic term,
therefore, is the third term. Our result is ensured when the third term
is nondecreasing in θ. Since 1/h(θ) is positive and ∂ 2 C(X, θ)/∂X∂θ is
negative, this is ensured when ∂ 2 C(X, θ)/∂X∂θ is nondecreasing. That is,
we have
Proposition 2. A sufficiency condition for the optimal collusion-proof
solution X S (θ) to satisfy the monotonicity constraint (M) is that the following conditions hold.
1. ∂ 2 C(X, θ)/∂X∂θ is nondecreasing in θ.
2. The hazard rate h(θ) is nondecreasing.

Example: The first assumption is satisfied e.g., in the following cost
function forms:
C(X, θ) = (X − θ)α and C(X, θ) = (X/θ)α , α ≥ 2.
The second condition is called the “Monotone Hazard Rate Condition” and
satisfied by many familiar probability distributions.18 Now, we can present
the following proposition on the comparative statics.
Graphical Explanation
Proposition 1 can be understood by using the Figure 1, which shows
that the optimal solution X S (θ) is determined such that the marginal
plus
benefit 1 equals the marginal virtual
cost ∂C(X,θ)
∂X
h cost (marginal
i

marginal virtual information rent − 1 +
S

SB

pk
1−p

2
1 ∂ C(X,θ)
h(θ) ∂X∂θ ).

The result

FB

of X (θ) ≤ X (θ) ≤ X (θ) basically comes from the increase in the
virtual marginal cost due to 1 + pk/(1 − p) ≥ 1, compared with the secondbest case.
The condition 1 of Proposition 2 means that the marginal information
2
C(X,θ)
is decreasing in θ, that is, shifts downwards as θ increases.
rent − ∂ ∂X∂θ
Since the marginal cost ∂C(X,θ)
is also decreasing in θ, the proposition 2
∂X
as a whole refers to a sufficient condition for the virtual marginal cost to
decrease in θ, that is, for X S (θ) to increase in θ.
18 For example, uniform, normal, logistic, and exponential distributions. See Fudenberg and Tirole (1991).
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FIG. 1. Equilibrium Output in the Three-tier, Collusion-proof Regime X S w.p 1−p
and X F B w.p p for each θ
Figure 1
2
∂ C ( X ,θ )
1
pk
1+
−
1 − p h (θ )
∂X ∂θ

(
( ((

Marginal Information Rent

Increase in Marginal Virtual Cost

MB
Virtual MC

∂C ( X , θ )

1

∂X
Marginal Cost

0

XS

X SB

X FB

X

Equilibrium Output in the Three-tier, Collusion-proof Regime

X S w.p 1 − p and X FB w.p p for each θ

Proposition 3. Suppose that the sufficiency condition in proposition 2
holds. Then, the optimal collusion-proof solution X S (θ)
∂ 2Cis( Xnonincreasing
,θ )
is decreasing in θ , that
The condition 1 of Proposition2 means that the marginal information rent −
in the parameter p and the parameter k.
∂X ∂θ

∂C ( X , θ )
is also decreasing in θ , the
θ increases. Since the marginal cost
∂X θ) is nonincreasing
Proof. From the equation (6), the derivative JX (X,
proposition
as a whole refers
to a sufficient
for theofvirtual
marginal
in θ , that is, for
in the 2parameter
p, because
thecondition
derivative
JX (X,
θ) incost
theto decrease
parameter
2
∂
C(X,θ)
1
2
− p)in
≥
to increase
X Sp(θis) k/(1
θ . 0 for k ∈ [0, 1], multiplied by h(θ) ∂X∂θ < 0. Hence,
due to the monotone comparative statics, the optimal solution X S (θ) is
nonincreasing in the parameter p. The latter part can also be proved in
Proposition
3: Suppose
that derivative
the sufficiencyJcondition
in proposition 2 holds. Then, the optimal collusion-proof
the same
way: The
X (X, θ) is nonincreasing in the parameter
S
k forX pS (∈
and so the
(θ) isk .nonincreasing in the
nonincreasing
in theoptimal
parametersolution
parameter
solution
θ )[0,is 1],
p and the X
is, shifts downwards as

parameter k. That is, the distortion is nondecreasing in both p and k.
Proof: From the equation (6), the derivative J X ( X , θ ) is nonincreasing in the parameter p , because the
3.3. Payoff Comparison between Two Regimes: Three-tier vs.
2
Two-tier
derivative
of Structures
J X ( X , θ ) in the parameter p is k (1 − p ) ≥ 0 for k ∈ [ 0,1] , multiplied by
We compare the payoffs between two regimes, that is, ‘Three-tier’ regime
2
(TH)
regime (TW).
( X ,θ‘No-Supervisor’
) < 0 . Hence, due(two-tier)
1 ∂ Cand
S
to the monotone comparative statics, the optimal solution X (θ ) is
h (θ ) ∂X ∂θ
15
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The expected payoff for the principal in the ‘Three-tier’ regime (TH) is
θ

Z

[X S (θ) − C(X S (θ), θ)]f (θ)dθ + p ×

(1 − p)

θ

Z

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

θ

Z

θ

+[(1 − p) + pk]
θ

1 ∂C(X S (θ), θ)
f (θ)dθ − Z.
h(θ)
∂θ

The expected payoff for the principal in the No-Supervisor (Two-tier)
regime (TW), which is the standard second best regime and also corresponds to p = 0 in the Three-tier regime, is
Z

θ


X T W (θ) − C(X T W (θ), θ) +

θ


1 ∂C(X T W (θ), θ)
f (θ)dθ.
h(θ)
∂θ

We first consider the comparison when Z = 0 (The cost for the principal
to communicate with the supervisor is zero). Then, we have the following
proposition.
Proposition 4. Suppose Z = 0. The principal prefers the ‘Three-tier’
regime with supervision (TH) to the ‘Two-tier’ regime with no supervision
(TW) in terms of his expected payoff. That is,

Z
(1 − p)

θ

[X S (θ) − C(X S (θ), θ)]f (θ)dθ + p

θ

+ [(1 − p) + pk]
θ

≥

θ

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

θ

Z

Z

Z

θ

S

1 ∂C(X (θ), θ)
f (θ)dθ
h(θ)
∂θ


X T W (θ) − C(X T W (θ), θ) +

θ


1 ∂C(X T W (θ), θ)
f (θ)dθ.
h(θ)
∂θ

Proof. See, Appendix A.3
Rationale
First, the principal compares the “Three-tier” regime (TH) with the
“pooling” regime (PL) where the principal commits himself to the pooling
output rule X P (θ). In the “Three-tier” regime (TH), the principal designs
a “more state-contingent” contract for more efficient use of supervisor’s
report r ∈ {θ, φ}, that is, he sets X F B (θ) for the states {θ, s = θ} where
the agent type is θ and the supervisor’s signal is s = θ, and sets X S (θ) for
the states {θ, s = θ} where the agent type is θ and the supervisor’s signal
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is s = φ. On the other hand, in the Pooling regime, the principal does
not use the supervisor’s report r ∈ {θ, φ} in a state-dependent way, but
unanimously imposes the pooling output X P (θ) for both states {θ, s = θ}
and {θ, s = φ}, which would not be efficient. If we use the terminology
in Weitzman’s paper (1974) “Prices vs. Quantities”, the “Pooling” regime
(PL) is the regime where the principal adjusts only the price rule W (θ)
under the commitment to the pooling output (quantity) rule X P (θ), in
the form that he does not pay the information rent U (θ) to the agent
of type θ when the supervisor’s report is r = θ.19 On the other hand,
in the “Three-tier” regime (TH), the principal optimally adjusts both of
the output (quantity) rule X(θ) and the price rule W (θ), contingent on the
supervisor’s report r ∈ {θ, φ}. When the true type information θ is revealed
from the supervisor with probability p, the principal implements the firstbest outcome {X F B (θ), W F B (θ)} based on its hard evidence. Otherwise,
the downward distorted outcome {X S (θ), W S (θ)} is implemented. These
arrangements are optimally created and committed as the collusion-proof
contract by the principal.
Next, when the principal compares the pooling regime X P (θ) with the
‘No Supervisor’ two-tier regimes X T W (θ), the virtual surplus for type θ
is more increased in the former regime through the effective reduction of
information rent due to (1 − p) + pk ≤ 1 that is,

∂C(X(θ), θ) 1
X(θ) − C(X(θ), θ) + [(1 − p) + pk]
{z
}|
|
∂θ
{z
} h(θ)
≤1

−

∂C(X(θ), θ) 1
≥ X(θ) − C(X(θ), θ) +
.
∂θ
|
{z
} h(θ)
−

Combining these two comparison results, we find that the principal always prefers the “Three-tier” regime (TH) to the “No Supervisor” two-tier
regime (TW) when Z = 0.
The Choice of Organization Structure
19 For the analysis of this “Pooling” regime, see Suzuki (2008). In contrast, in this
paper, it is just a hypothetical regime used for payoff comparison between two regimes
(Three-tier vs. Two-tier regimes).

COLLUSION, SHADING, AND OPTIMAL ORGANIZATION DESIGN

335

Now define Z ∗ (p, k) be the payoff difference between the ‘Three-tier’
regime (TH) and the ‘Two-tier’ regime (TW) when Z = 0. That is,
(
Z
θ

Z ∗ (p, k) :=

[X S (θ) − C(X S (θ), θ)]f (θ)dθ

(1 − p)
θ
θ

Z

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

+p
θ

θ

Z
+ [(1 − p) + pk]
θ
θ

Z
−
θ

1 ∂C(X S (θ), θ)
f (θ)dθ
h(θ)
∂θ

)
(7)



∂C(X T W (θ), θ) 1
f (θ)dθ.
X T W (θ − C(X T W (θ), θ)) +
∂θ
h(θ)

Z ∗ (p, k) is the relative importance of the three-tier structure with supervision, and could be rephrased as the “comparative (relative) advantage”
à la Weitzman (1974).
Then, we have the following corollary for Z > 0.
Corollary 1. The optimal regulation structure R∗ is determined based

on the following rule:


∗

R (p, k, Z) =

T H : Three-tier structure if Z ≤ Z ∗ (p, k)
T W : Two-tier structure if Z > Z ∗ (p, k)

That is to say, the principal’s optimal strategy is to choose the three-tier
structure with supervision (TH) if Z ≤ Z ∗ (p, k), and to choose the two-tier
structure with no supervision (TW) if Z > Z ∗ (p, k), for 0 ≤ p, k ≤ 1.
From the simple comparative statics, we have
∂Z ∗ (p, k)
=
∂p

θ

Z

{[X F B (θ) − C(X F B (θ), θ)] − [X S (θ) − C(X S (θ), θ)]} f (θ)dθ
{z
}
|

θ

≥0

Z
+ (k − 1)
| {z }
≤0

∗

∂Z (p, k)
= p
∂k

Z
θ

θ

θ

θ

1 ∂C(X S (θ), θ)
f (θ)dθ ≥ 0
h(θ) |
∂θ
{z
}
<0

S

1 ∂C(X (θ), θ)
f (θ)dθ ≤ 0 ∀(p, k) ∈ [0, 1]2 .
h(θ)
∂θ

As p (the accuracy of supervision/monitoring) increases, the relative importance Z ∗ (p, k) of the three-tier structure increases. On the other hand,
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as k (the efficiency of collusion, the easiness of collusion) increases, it decreases, since the increase in k increases the expected information rent the
principal needs to pay to the supervisor20 .

4.1.

4. OPTIMAL ORGANIZATION DESIGN UNDER
COLLUSION AND SHADING
Introduction of Behavioral Element: Shading

We incorporate a behavioral element into the model, based on the “shading” model21 by Hart and Moore (2008), which introduced a new idea that
a contract provides a reference point for parties’ feelings of entitlement. A
party who felt aggrieved in terms of his entitlement shades (punishes) the
party who aggrieved him to the point where his payoff falls by a constant
multiplied by the aggrievement level, that is, the former shades (punishes)
the latter by a constant times the aggrievement level.22 Contracting parties possess behavioral preferences: they prefer to impose losses on their
contracting partner if they perceive that their partner has chosen an action
within the range permitted formally that falls short of “consummate” performance. In summary, each party interprets the contract in a way that is
most favorable to him, which generates a conflict of entitlements. When he
does not obtain the most favored outcome within contract, he engages in
shading. This will lead to ex post controversy and mutual punishment. In
our three-tier hierarchical structure, at the final stage, the agent and the
principal may well shade (punish) the supervisor, who made a crucial report
for payoff distribution, depending on their entitlements and aggrievements.
By introducing such a shading behavior as ex-post haggling into our collusion model and integrating two ideas, “collusion” and “shading”, we try
to give a micro foundation to ex-post adaptation costs, and understand the
ex-post optimal adaptation as an optimal balance resulting from the trade-

20 Conversely, as k decreases, the “comparative (relative) advantage” of the threetier structure increases. The size of k will be related to the integrity/honesty of the
supervisor. The lower k implies the possibility of less collusion between the supervisor
and the agent, due to the higher integrity/honesty of the supervisor. It decreases the
expected information rent the principal must pay to the supervisor.
21 It is related to negative reciprocity in the behavioral economics literature, that is,
“I am better off when someone who has tried to hurt me is hurt”. Also see e.g. Falk
and Fischbacher (2006) for the behavioral game theory literature on the formalization
of reciprocity.
22 Indeed, Fehr et al (2011) examine the realism of the shading concept in their experiment paper, and obtain a supportive result, which can be consistent with contractual
opportunism and its punishment.

COLLUSION, SHADING, AND OPTIMAL ORGANIZATION DESIGN

337

off between gross total surplus and ex-post adaptation costs associated with
the output decisions.
4.2.

Shading Model with Observable Collusion

In our model, the agent of type θ feels entitled to the information rent
(indirect utility) U (θ) indicated by the initial contract. Nevertheless, the
supervisor reported r = θ and aggrieved (disappointed) the agent by exploiting the information rent U (θ). Then, the agent shades (punishes) the
supervisor by βU (θ). So, the net payoff of the supervisor when he reports
the truth r = θ is
WS (θ) − βU (θ) .
| {z }
| {z }
Wage Payment

shading loss

As for the principal’s shading, there exists a subtle informational point.
Our model is basically a hidden information model and the supervisor’s
signal θ is not observed by the principal. Otherwise (if the principal directly
observed θ), he would not need the supervisor. We have already assumed
that the supervisor, with probability p, obtains a proof (evidence) that the
agent type is θ. Now suppose that the principal can know that the above
state (of probability p) has happened, i.e., the supervisor has observed
some signal θ. But suppose that he cannot know the exact value of θ, and
also cannot verify that the supervisor has observed some signal θ. Then, if
the supervisor provides no proof (evidence), the principal knows that the
collusion has occurred (a side contract has been signed) between the agent
of some type and the supervisor, though it is not verifiable. Only when the
principal implements the initial scheme {X(θ), W (θ)} and enforces X(θ) for
the agent’s report θ̂ = θ, he can know the exact value of θ, and understand
how much he has been aggrieved by the supervisor. Then, he can shade the
supervisor. In summary, this information structure means that collusion
(side contracting) between the supervisor and the type θ agent is observable
but unverifiable.
Then, formally, the principal would feel that she had been entitled to
FB
X (θ) − C(X F B (θ), θ), since the type information was θ. Nonetheless, he
could only attain the payoff under asymmetric information regime between
the principal and the agent θ, X(θ)−C(X(θ), θ)−U (θ), since the supervisor
colluded with the agent and hid the information θ. In summary, he was
aggrieved by

{[X F B (θ) − C(X F B (θ), θ)] − [X(θ) − C(X(θ), θ) − U (θ)]}

(8)
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and so he shades (punishes) the supervisor by a constanttimes the aggrievement level
γ{[X F B (θ) − C(X F B (θ), θ)] − [X(θ) − C(X(θ), θ) − U (θ)]}.

(9)

Thus, we obtain the supervisor’s incentive constraint with behavioral assumptions
WS (θ)
| {z }

wage payment

− γ{[X
|
⇐⇒

FB

≥

shadingloss

(θ) − C(X

FB

kU (θ)
| {z }

sidepayment

(θ), θ)] − [X(θ) − C(X(θ), θ) − U (θ)]}
{z
}

(10)

shading loss

WS (θ)
| {z }

wage payment

− γ{[X
|

− βU (θ)
| {z }

FB

≥

kU (θ)
| {z }

side payment

(θ) − C(X

FB

+

(β − γ)U (θ)
|
{z
}

shading loss by agent

(θ), θ)] − [X(θ) − C(X(θ), θ)]}
{z
}

(10’)

shading loss by principal

Substituting W (θ) = C(X(θ), θ) + U (θ) and
WS (θ) = kU (θ)+(β−γ)U (θ)−γ{[X F B (θ)−C(X F B (θ), θ)]−[X(θ)−C(X(θ), θ)]}
into the principal’s objective function, we have the formulation of virtual
surplus for type θ
p(X F B (θ) − C(X F B (θ), θ) − WS (θ)) + (1 − p)(X(θ) − C(X(θ), θ) − U (θ))
= p(X F B (θ) − C(X F B (θ), θ) − kU (θ)) + (1 − p)(X(θ) − C(X(θ), θ))
− p{βU (θ) − γ[(X F B (θ) − C(X F B (θ), θ)) − (X(θ) − C(X(θ), θ) − U (θ))]}.
Hence, the program of designing the optimal collusion-proof contract with
behavioral elements can be rewritten as

Z
max
X(·)

s.t.

θ

θ



p(X F B (θ) − C(X F B (θ), θ) − kU (θ)) + (1 − p)(X(θ) − C(X(θ), θ) − U (θ))
−p{βU (θ) − γ[(X F B (θ) − C(X F B (θ), θ)) − (X(θ) − C(X(θ), θ) − U (θ))]}

dX(θ)/dθ ≥ 0 (M ) ∀θ.


f (θ)dθ − Z
(11)
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From the lemma 3, which shows the transformation of the expected information rent, the program becomes
1−F (θ)
(1 − p)(X(θ) − C(X(θ), θ)) + [(1 − p) + pk] ∂C(X(θ),θ)
∂θ
fi
(θ)
h
max
1−F (θ)
X(·) θ
−p γ(X(θ) − C(X(θ), θ)) − (β − γ) ∂C(X(θ),θ)
∂θ
f (θ)
Z θ
[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ − Z
+ (1 + γ)p

Z

θ

"

#
f (θ)dθ

θ

s.t.dX(θ)/dθ ≥ 0 (M ) ∀θ.
We ignore the Monotonicity Constraint (M) and solve the relaxed program.
The principal maximizes the expected value of the modified virtual surplus,
denoted by J B (X, θ). This expected value is maximized by simultaneously
maximizing the modified virtual surplus for (almost) every type θ, i.e.
X B (θ) ∈ arg max J B (X, θ)
X(·)

= (1 − p)(X(θ) − C(X(θ), θ)) +
|
{z

[(1 − p) + pk] ∂C(X(θ), θ)
h(θ)
∂θ
}

Standard Virtual SurplussJ(X,θ)



(β − γ) ∂C(X(θ), θ)
−p γ(X(θ) − C(X(θ), θ)) −
h(θ)
∂θ
|
{z
}

(12)

Virtual Loss through Behavioral Elements

where h(θ) = f (θ)/(1 − F (θ)) is the hazard rate. This defines the optimal
output rule X B (·) for the program.23 We take the derivative:


∂J B (X, θ)
∂C(X, θ)
[(1 − p) + pk] ∂ 2 C(X, θ)
= [1 − p] 1 −
+
∂X
∂X
h(θ)
∂X∂θ
|
{z
}
Standard Marginal Virtual SurplussJ(X,θ)

 


∂C(X, θ)
(β − γ) ∂ 2 C(X, θ)
−p γ 1 −
.
−
∂X
h(θ)
∂X∂θ
|
{z
}

(13)

Marginal Virtual Loss through Behavioral Elements

23 The principal can design the optimal output rule X B (·) to modify shading behaviors
by controlling the potential for aggrievement, e.g. information rent U (θ). In that sense,
our framework of shading model is similar to the idea of efficient organization design
which counters “influence activities” by Milgrom (1988). The difference is that influence
activities are made before an important decision making, while shading behaviors are
made after an important and aggrieving decision making.
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Proposition 5. The optimal solution X B (θ) with behavioral elements

is smaller than the solution X S (θ) with no behavioral elements, that is,
X B (θ) ≤ X S (θ).

Proof. See, Appendix A.4
Theoretical Intuition
The supervisor’s (collusion-proof) reward is, from (10’),
WS (θ) = kU (θ) + (β − γ)U (θ)
− γ{[X F B (θ) − C(X F B (θ), θ)] − [X(θ) − C(X(θ), θ)]}. (14)
First, when the output X(θ) decreases marginally, the information rent
U (θ) goes down.
Next, since X(θ) − C(X(θ), θ) goes down for X(θ) ≤ X F B (θ), the potential aggrievement [X F B (θ)−C(X F B (θ), θ)]−[X(θ)−C(X(θ), θ)] increases,
and the shading threat goes up γ{[X F B (θ) − C(X F B (θ), θ)] − [X(θ) −
C(X(θ), θ)]} ⇑. These two effects will decrease the supervisor’s wage WS (θ)
discretely, which generates a first-order gain. Though the decrease in
X(θ) generates a second-order loss through the change of optimal solution, the principal’s profit will go up totally (due to the
first-order gain vs. second-order loss). Thus, the optimal solution
with behavioral elements (shading) X B (θ) will fall below the optimal solution with no behavioral elements X S (θ).
Now, we can perform a comparative statics on the optimal solution
X B (θ).
Corollary 2. The optimal solution with behavioral elements X B (θ) is

nonincreasing in both parameter β (the degree of shading strength by the
agent) and γ (the degree of shading strength by the principal).

Proof. See Appendix A.5.
Theoretical Intuition
The intuition is very close to the former argument. The supervisor’s
(collusion-proof) reward is, again from (10’),
WS (θ) = kU (θ) + (β − γ)U (θ)
− γ{[X F B (θ) − C(X F B (θ), θ)] − [X(θ) − C(X(θ), θ)]}. (15)
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Now, suppose that γ increases. If the optimal solution X(θ) decreases
marginally, the information rent U (θ) goes down, and X(θ) − C(X(θ), θ)
also goes down for X(θ) ≤ X F B (θ). Therefore, the shading threat γ{[X F B (θ)−
C(X F B (θ), θ)] − [X(θ) − C(X(θ), θ)]} goes up. These two effects will decrease the supervisor’s wage WS (θ) discretely, which generates
a first-order gain. Though the decrease in X(θ) generates a second-order loss
through the change of optimal solution, the principal’s profit will go up totally (due to the first-order gain vs. second-order loss). Thus, the
optimal solution with behavioral element (shading) X B (θ) will decrease as
the shading parameters β, γ increase.
Proposition 6.

1. The principal’s equilibrium payoff can increase more likely in the
three-tier regime (B) with behavioral elements, in comparison with the
three-tier regime (TH) with no behavioral elements, when the shading strength
γ by the principal is greater than the shading strength β by the agent, i.e.
γ ≥ β.
2. The principal’s equilibrium payoff tends to decrease in the threetier regime (B) with behavioral elements, in comparison with the three-tier
regime (TH) without behavioral elements, when the shading strength β by
the agent is greater than the shading strength γ by the principal, i.e., β ≥ γ.
This is particularly so when p, γ are smaller.
Proof. See Appendix A.6 for Proposition 6.1. and See Appendix A.7 for
Proposition 6.2.
Rationale
Proposition 7.1 implies that under the information structure where collusion (side contracting) between supervisor and agent is observable ex post
for the principal but unverifiable, the fear of being “shaded” by the principal can relax the supervisor’s incentive constraint (coalition incentive constraint) discretely, thereby can increase the principal’s equilibrium profit.24
That is, the principal can reduce the reward to the supervisor discretely
through his shading threat (γ times aggrievement), thereby increasing his
profit.
24 As an analogy for the moral hazard model with risk averse agent, we can say that
the principal can decrease the risk cost (risk compensation) discretely, where the risk
cost (risk compensation) corresponds to the shading cost in our paper. The point is that
the principal ultimately bears the shading cost for the supervisor in order to satisfy his
IR constraint.
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The main point for Proposition 6.2 is that when β ≥ γ, the net positive
shading cost by the agent must be compensated for the supervisor by the
principal.
4.3.

Shading Model with Unobservable Collusion

Now, suppose that the supervisor’s signalis s ∈ {θ, φ} not observed at all
by the principal ex post, that is, the principal cannot know at all ex post
whether the supervisor obtained the informative signal (evidence, proof on
θ) or not (φ), as well as which state θ has occurred. Then, the principal cannot distinguish whether she was aggrieved or whether the supervisor just
obtained no informative signal (φ). Hence, the principal cannot shade the
supervisor. This information structure means that collusion (side contracting) between supervisor and agent is unobservable, and thus the shading
loss by the principal would be zero due to γ = 0.
Then, the supervisor’s incentive constraint (coalition incentive constraint)
is reduced to
WS (θ)
| {z }

wage payment

− βU (θ)
| {z }

shading loss

≥

kU (θ)
| {z }

side payment

⇐⇒

WS (θ)
| {z }

wage payment

≥

kU (θ)
| {z }

side payment

+ βU (θ) .
| {z }
shading loss

(16)
Hence, shading only by the agent β > 0 tightens the supervisor’s incentive
constraint (coalition incentive constraint), and makes it more likely that
the supervisor will collude with the agent.
Proposition 7. Suppose that collusion (side contracting) between supervisor and agent is unobservable ex post for the principal. Then, only
agent can shade the supervisor, which corresponds to β > 0, γ = 0. Then,
the principal’s equilibrium payoff is reduced in the regime with behavioral
elements, in comparison with that without behavioral elements β = γ = 0.
That is, “shading” becomes detrimental to organization design.

Proof. The principal’s virtual surplus is written as follows.
J B (X, θ) = (1 − p)(X(θ) − C(X(θ), θ)) +
|
{z

[(1 − p) + pk] ∂C(X(θ), θ)
h(θ)
∂θ
}

(Standard) Virtual Surplus

pβ ∂C(X(θ), θ)
+
.
h(θ) |
∂θ
{z
}
| {z }
≥0

−

(17)
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pβ ∂C(X(θ), θ)
is the increase in dead weight loss (information
h(θ) |
∂θ
{z
}
| {z }
≥0

−

rent) through shading by the type θ agent, which decreases the principal’s
virtual surplus. This completes the proof.
4.3.1.

Collusion-proof Regime vs. Equilibrium Collusion Regime

Now, the principal has two options, one of which is the Collusion-proof
Regime, where the principal deters the collusion between the agent θ and
the supervisor through the collusion-proof constraint and induces the supervisor’s truth telling r = θ, and the other of which is the Equilibrium Collusion
Regime, where the principal allows the collusion between them in equilibrium and induces the truthful information from the agent by himself, while
the supervisor reports r = φ. Which regime the principal chooses between
the Collusion-proof regime and the Equilibrium Collusion regime depends
on the condition, which will be analyzed below.
Collusion-proof Regime (CP)
In order to satisfy the collusion-proof constraint, the principal must set
the reward for the supervisor
WS (θ)
| {z }

wage payment

=

kU (θ)
| {z }

side payment

+

βU (θ)
| {z }

= (k + β)U (θ).

(18)

shading loss by agent

Then, the virtual surplus for type θ is
(1−p)[X(θ)−C(X(θ), θ)−U (θ)]+p[X F B (θ)−C(X F B (θ), θ)−(k+β)U (θ)].
Hence, the expected virtual surplus for the principal is, due to Lemma 3
and U (θ) = 0,

Z

θ

{(1 − p)[X(θ) − C(X(θ), θ) − U (θ)] + p[X F B (θ) − C(X F B (θ), θ) − (k + β)U (θ)]}f (θ)dθ

θ

Z

θ

=
θ

Z
+
θ

θ



∂C(X(θ), θ) 1 − F (θ)
(1 − p)[X(θ) − C(X(θ), θ)] + [(1 − p) + p(k + β)]
f (θ)d(θ)
∂θ
f (θ)
p[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ.

(19)
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The principal simultaneously maximizes the modified virtual surplus for
(almost) every type θ, i.e.
(1 − p)(X(θ) − C(X(θ), θ)) + [(1 − p) + p(k + β)]
|
{z
B (X,θ)
JCP

∂C(X(θ), θ) 1 − F (θ)
∂θ
f (θ)
}
(20)

Or


pk
∂C(X(θ), θ) 1
(X(θ) − C(X(θ), θ)) + 1 +
|
{z
}
1−p
∂θ
h(θ)
|
{z
}
Total Surplus
Information Rent

pβ ∂C(X(θ), θ) 1
1−p
∂θ
h(θ)
|
{z
}

+

.

(20’)

Increase in Information Rent through Shading

First order condition for the optimality is


B
∂JCP
(X, θ)
∂C(X, θ)
[(1 − p) + pk] ∂ 2 C(X, θ)
= [1 − p] 1 −
+
∂X
∂X
h(θ)
∂X∂θ
|
{z
}
Marginal Virtual Surplus

pβ ∂ 2 C(X, θ)
=0
+
h(θ) | ∂X∂θ
{z }

(21)

−

|

{z

}

Marginal Shading Cost

i
h
pk


1 + 1−p
∂C(X, θ)
∂ 2 C(X, θ)
pβ
1 ∂ 2 C(X, θ)
⇐⇒ 1 −
= 0.
+
+
∂X
h(θ)
∂X∂θ
1 − p h(θ) | ∂X∂θ
{z }
|
{z
}
−
Marginal Virtual Surplus
{z
}
|
Marginal Shading Cost

(21’)
B
(θ) with behavioral elements
Proposition 8. The optimal solution XCP

under the collusion-proof regime is smaller than the optimal solution X S (θ)
B
with no behavioral elements, that is, XCP
(θ) ≤ X S (θ).
Proof. See the proof of Proposition 6. This is the case where β > 0, γ =
0
Equilibrium Collusion Regime (EC)
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In this regime, when the supervisor obtains the proof on θ with probability p, the principal allows the collusion between the agent θ and the
supervisor in equilibrium, which means that the supervisor reports r = φ
and the agent θ self-selects {X(θ), W (θ)} and obtains the information rent
U (θ). Then, the principal pays the information rent U (θ) to the agent θ at
the unit transfer price 1.
Now, the virtual surplus for type θ is
(1 − p)[X(θ) − C(X(θ), θ) − U (θ)] + p[X(θ) − C(X(θ), θ) − U (θ)]
=X(θ) − C(X(θ), θ) − U (θ).
Hence, the expected virtual surplus for the principal is, due to Lemma 3
and U (θ) = 0,
Z

θ

{X(θ) − C(X(θ), θ) − U (θ)}f (θ)dθ
θ

Z

θ


X(θ) − C(X(θ), θ) +

=
θ

∂C(X(θ), θ) 1 − F (θ)
∂θ
f (θ)


f (θ)dθ.

Then, the principal simultaneously maximizes the modified virtual surplus
∂C(X(θ), θ) 1
. First
for (almost) every type θ, X(θ) − C(X(θ), θ) +
∂θ
h(θ)
{z
}
|
B (X,θ)
JEC

order condition for the optimality is
1−

∂C(X(θ), θ) ∂ 2 C(X(θ), θ) 1
+
= 0.
∂X(θ)
∂X∂θ
h(θ)

(22)

Comparing First Order Conditions on marginal incentives in the two regimes
(CP and EC), (21’) and (22), we find that the coefficient of the marginal
virtual cost 1 + p(k+β)
in the collusion-proof regime (CP) is greater than
1−p
that 1 in the equilibrium collusion regime (EC), that is, 1 + p(kβ
1−p ≥ 1 for
B
∀p, k, β ≥ 0. Hence, we have XCP
(θ) ≤ XEC (θ) = X SB (θ). The below
figure shows the determination of equilibrium incentives for type θ.
4.3.2. Payoff Comparison between Collusion-proof and Equilibrium Collusion Regimes
We analyze which regime the principal chooses between the Collusionproof regime (CP) and the Equilibrium Collusion Regime (EC). We compare the payoffs between Collusion-proof vs. Equilibrium Collusion Regimes.

1 in the equilibrium collusion regime (EC), that is, 1 +
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p (k + b )
³ 1 for "p, k , b ³ 0 . Hence, we have
1- p

B
X CP
(q ) £ X EC (q ) = X SB (q ) . The below figure shows the determination of equilibrium incentives for type q .

FIG. 2. Comparison of Equilibrium Outputs between Collusion-proof and EquilibB w.p 1−p and X F B w.p p vs. Equilibrium
rium Collusion Regimes Collusion-proof: XCP
Collusion: XEC for each θ
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(θ)
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Z
θ
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Proposition 9. Collusion-proof vs. Equilibrium Collusion

1. The principal prefers the Collusion-proof regime (CP) to the Equilibrium Collusion regime (EC) in terms of his expected payoff when the
shading strength β ≤ 1 − k.
2. The principal prefers the Collusion-proof regime (CP) to the Equilibrium Collusion regime (EC) for all β ≥ 0 when the accuracy of supervision
p ≥ p∗ . Especially, as β → +∞, the optimal Collusion-proof contract has a
property of “Shut Down” in all states of supervisory no information (θ, φ).
3. The principal prefers the Equilibrium Collusion regime (EC) to the
Collusion-proof regime (CP) when the shading strength β > β ∗ and the
accuracy of supervision p < p∗ .

Proof. See the Appendix A.8.
Rationale
As the degree of shading β (“threat” by the agent) increases, the incentive for collusion between the agent of type θ and the supervisor increases.
Thereby, it becomes more costly for the principal to impose collusion-proof
schemes and deter collusion, and to induce the truth telling from the supervisor. Theoretically, this implies that as the set of collusion-proof, Incentive compatible schemes becomes smaller, the attainable efficiency becomes
lower.
Then, it may be better for the principal to allow collusion between the
agent of type θ and the supervisor, and then attain the higher efficiency
through discretely reducing the ex-post aggrievement and shading by the
agent of type θ.25
This is a new idea in the Collusion literature a la Tirole (1986, 1992)26
in that the increase in shading pressure (behavioral element) strengthens
the incentive for collusion, thereby makes it difficult to implement the
collusion-proof ( Supervisor’s truth telling) incentive schemes, which leads
to the Equilibrium Collusion. The principal allows collusion between the
agent and the supervisor in equilibrium, and the supervisor reports r = φ
(“I did not observe any information”) and the agent of type θ reveals his
25 A clear understanding is that as β approaches to ∞ and p approaches to 0, the two
player contract (Equilibrium Collusion) dominates, since the supervisor becomes very
expensive to maintain relative to the probability that he will bring informative evidence.
(Proposition 9.3).
26 Tirole (1992) explains the intuitive ideas of the cases where Equilibrium Collusion
can be optimal in the three-tier hierarchical structures with no behavioral elements.
For the existing literature (with no behavioral elements) on the optimality of allowing
collusion, see e.g., Itoh (1993) , Kofman and Lawarree (1996), and Suzuki (1997).
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type information θ by self-selecting {X(θ), W (θ)} and obtains the information rent U (θ).
Interpretation of the Result
We can interpret the results from the viewpoint of Transaction Cost
Economics a la Coase (1937) and Williamson (1975). Let us assume that
Interpretation of the Result
“Haggling Cost” in Transaction Cost Economics has two sources: Cost of
We can interpret the results from the viewpoint of Transaction Cost Economics a la Coase (1937) and
Rent-seeking or Influence activity which accompanies Ex-ante Collusion beWilliamson (1975). Let us assume that “Haggling Cost” in Transaction Cost Economics has two sources: Cost of
fore
the supervisor’s decision making (report), and Cost of Ex-post Shading
Rent-seeking or Influence activity which accompanies Ex-ante Collusion before the supervisor’s decision making
which
results from Ex-post aggrievement and shading behavior after the
(report), and Cost of Ex-post Shading which results from Ex-post aggrievement and shading behavior after the
supervisor’s
decision making (report), as the below figure suggests.
supervisor’s decision making (report), as the below figure suggests.

Collusion

Supervisor

Shading

Rent-seeking

Report

Ex-post Shading

Sources of Haggling Costs
TwoTwo
Sources
of Haggling Costs
(CP) Collusion—Proof but Ex-post Shading
Equilibrium Collusion but Ex-post No Shading
(EC) (EC)
Equilibrium
Collusion but Ex-post No Shading
(CP) Collusion –Proof but Ex-post Shading

In the Collusion-proof regime, the principal deters collusion through collusion-proof schemes, and thus no

deters
collusion
In the
Collusion-proof
regime,
ex-ante
collusion
occurs. But, ex-post shading
by the the
agentprincipal
of type θ occurs,
since
the agent ofthrough
type θ expected
collusion-proof schemes, and thus no ex-ante collusion occurs. But, ex-post
to obtain the best reward for him, that is, the information rent U (θ ) , but was aggrieved to have lost it due to the
shading by the agent of type θ occurs, since the agent of type θ expected to
supervisory
the agent
the supervisor
shading
β
= θ . Therefore,
θ shades
obtain
thereport
best rreward
for him,
thatofis,type
the
information
rentbyUthe
(θ),
but parameter
was
aggrieved
to
have
lost
it
due
to
the
supervisory
report
r
=
θ.
Therefore,
the
times the aggrievement level U (θ ) . In this case, we have ex-ante no collusion costs but ex-post shading costs.
agent of type θ shades the supervisor by the shading parameter β times the
On the other hand,
in the
Collusion
the principal
allows
collusion
between the
aggrievement
level
UEquilibrium
(θ). In this
case,Regime,
we have
ex-ante
noex-ante
collusion
costs
agent
of type θshading
and the supervisor,
but
ex-post
costs. which may be costly by itself but does not generate any aggrievement for the
the Hence,
prin- he does
On
the
other
hand,
theobtain
Equilibrium
indeed
the information Collusion
rent U (θ ) (as Regime,
his “entitlement”).
agent of type θ , since he canin
cipal allows ex-ante collusion between the agent of type θ and the supervinot shade the supervisor ex-post. In this case, we have ex-ante collusion costs but ex-post no shading costs.27
sor,
which may be costly by itself but does not generate any aggrievement
degree of shading β increases, the incentive for collusion between the agent of type θ and the
for As
thetheagent
of type θ, since he can indeed obtain the information rent
supervisor increases. Thereby, it becomes more costly for the principal to impose collusion-proof schemes and
U (θ) (as his “entitlement”). Hence, he does not shade the supervisor exdeter collusion, and to induce the truth telling from the supervisor. Then, it can be better for the principal to let
post.
In this case, we have ex-ante collusion costs but ex-post no shading
them collude in equilibrium, and attain the higher efficiency through reducing discretely the ex-post aggrievement
costs.27
and shading by the agent of type θ .
As the degree of shading β increases, the incentive for collusion between
We believe that this is not only a new idea in the Collusion literature a la Tirole (1986, 1992) in that the increase
the agent of type θ and the supervisor increases. Thereby, it becomes
in shading pressure (behavioral element) strengthens the incentive for collusion, thereby makes it difficult to
more costly for the principal to impose collusion-proof schemes and deter
implement the collusion-proof (Supervisor’s truth telling) incentive schemes, which leads to the Equilibrium

27 Note that
Collusion,
but also
a micro-foundation
(an explicit
for thebetween
“Ex-post Haggling
Cost”
in Transaction
thegives
trade-off
here is different
frommodeling)
the trade-off
gross total
surplus
and ex-post haggling cost at the optimal organization design problem. The latter tradeoff27 is represented by mathematical formulas, e.g. (12) and (16).

Note that the trade-off here is different from the trade-off between gross total surplus and ex-post haggling cost at the
optimal organization design problem. The latter trade-off is represented by mathematical formulas, e.g. (12) and (16).

29

COLLUSION, SHADING, AND OPTIMAL ORGANIZATION DESIGN

349

collusion, and to induce the truth telling from the supervisor. Then, it can
be better for the principal to let them collude in equilibrium, and attain
the higher efficiency through reducing discretely the ex-post aggrievement
and shading by the agent of type θ.
We believe that this is not only a new idea in the Collusion literature a
la Tirole (1986, 1992) in that the increase in shading pressure (behavioral element) strengthens the incentive for collusion, thereby makes it
difficult to implement the collusion-proof (Supervisor’s truth telling) incentive schemes, which leads to the Equilibrium Collusion, but also gives a
micro-foundation (an explicit modeling) for the “Ex-post Haggling Cost”
in Transaction Cost Economics a la Williamson (1975).28
5. CONCLUSION
We applied the First Order (Mirrlees) Approach and the Monotone Comparative Statics method to the continuous-type, three-tier agency model
with hidden information and collusion à la Tirole (1986), thereby providing
a framework that can address the issues treated in the existing literature
in a much simpler fashion. We characterized the nature of equilibrium
contract that can be implemented under the possibility of collusion, and
obtained a general comparison result on the organization structures. Then,
we introduced the recent behavioral contract theory idea, “shading” (Hart
and Moore (2008)) into the model. By integrating the two ideas, i.e., collusion and shading, we could not only enrich the existing collusion model,
including a new result on the choice of Collusion-proof vs. Equilibrium Collusion regimes, but also gave a micro foundation to ex-post haggling costs,
addressed by Transaction Cost Economics (TCE). By using this model,
we examined the optimal organizational design problem as an optimal response to the trade-off between gross total surplus and ex-post haggling
costs. This is also close to the idea of efficient organization design which
counters influence activities by Milgrom (1988). We believe that our model
can help a deep understanding of resource allocation and decision process
in hierarchical organizations.
28 Strictly speaking, our paper may only exogenously have introduced a type of haggling cost, shading, by applying the idea of Hart and Moore (2008). Indeed, no micromodel is constructed to explain how the haggling cost arises. Nonetheless, we endogenously examined the optimal organizational design problem as an optimal response to
the trade-off between gross total surplus and ex-post haggling costs. This could be evaluated to have taken a step further the idea of efficient organization design which counters
influence activities (Milgrom (1988)), by incorporating ex-post haggling (shading) costs
into the model.
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APPENDIX

A.1. PROOF OF LEMMA 2
Proof. The “⇒” part was established above. It remains to show that
(ICFOC) and monotonicity (M) imply that U (θ̂, θ) ≤ U (θ) for all θ̂, θ. For
θ̂ > θ, we can write
U (θ̂, θ) − U (θ) =W (θ̂) − C(X(θ̂), θ) − U (θ)
=U (θ̂) + C(X(θ̂), θ̂) − C(X(θ̂), θ) − U (θ)
=[C(X(θ̂), θ̂) − C(X(θ̂), θ)] + [U (θ̂) − U (θ)]

Z θ̂
Z θ̂ 
∂C(X(τ ), τ )
∂C(X(θ̂).τ )
=
dτ +
−
dτ
∂τ
∂τ
θ
θ
#
Z θ̂ "
∂C(X(θ̂), τ ) ∂C(X(τ ), τ )
=
−
dτ ≤ 0.
∂τ
∂τ
θ

(A.1)
(A.2)

In (A.1), we used the following fact by (ICFOC) and Envelope theorem
Z
U (θ̂) − U (θ) =
θ

θ̂

dU
(τ )dτ =
dτ

Z

θ̂

−
θ

∂C(X(τ ), τ )
dτ.
∂τ

In (A.2), the last inequality is obtained by SCP and the fact that X(θ̂) ≥
X(θ) by (M). As explained just below the Definition 1, SCP implies that the
is decreasing in type θ in our model. That
marginal cost of output ∂C(X,θ)
∂X
2

C(X,θ)
θ̂),θ)
is, ∂ ∂X∂θ
< 0. This condition implies that ∂C(X(
− ∂C(X(θ),θ)
≤0
∂θ
∂θ
for X(θ̂) ≥ X(θ) due to (M). So, we obtain the last inequality. The proof for
θ > θ̂ is similar.

A.2. PROOF OF LEMMA 3
Proof. We transform the expected information rents by exploiting “Integration by Parts”. Because
dU (θ)
[U (θ)F (θ)]0 = U (θ)f (θ)+
F (θ) = U (θ)f (θ)−
| dθ
{z }

∂C(X(θ), θ)
∂θ
|
{z
}

(Due to Envelope Theorem)

F (θ),
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and so U (θ)f (θ) = [U (θ)F (θ)]0 +
Z

∂C(X(θ),θ)
F (θ),
∂θ

θ

=[U (θ)F (θ)]θθ

U (θ)f (θ)dθ

θ

Z
+

θ

θ

Z

351

we have

∂C(X(θ), θ)
F (θ)dθ
∂θ

θ

∂C(X(θ), θ)
F (θ)dθ
∂θ
θ
Z θ
Z θ
∂C(X(θ), θ)
∂C(X(θ), θ)
=U (θ) −
dθ +
F (θ)dθ
∂θ
∂θ
θ
θ
!
Z θ
∂C(X(θ), θ)
∵ U (θ) = U (θ) −
dθ
∂θ
θ
Z θ
∂C(X(θ), θ)
=U (θ) −
(1 − F (θ))dθ
∂θ
θ
Z θ
∂C(X(θ), θ) 1 − F (θ)
=U (θ) −
f (θ)dθ.
∂θ
f (θ)
θ
=U (θ) +

A.3. PROOF OF PROPOSITION 4
Proof. First, by definition, X S (θ) is the optimal decision over the problem
θ

Z

[X(θ) − C(X(θ), θ)]f (θ)dθ

max(1 − p)
X(·)

θ

Z
+[(1 − p) + pk]
θ

θ

1 ∂C(X(θ), θ)
f (θ)dθ.
h(θ)
∂θ

Similarly, by definition,X T W (θ) is the optimal decision over the problem
Z
max
X(·)

θ

θ



∂C(X(θ), θ)
d(θ)dθ.
X(θ) − C(X(θ), θ) +
∂θ

We also set the following payoff function


Z θ
1 ∂C(X(θ), θ) 

X(θ) − C(X(θ), θ) + [(1 − p) + pk]
 f (θ)dθ
{z
} h(θ)
|
∂θ
θ
≤1
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where the principal hypothetically implements an output function which
varies only with the type θ of the agent. Coefficient (1 − p) + pk reflects the
fact that the principal pays the full information rent U (θ) to the agent when
there is no hard evidence and pays a fraction of it kU (θ) to the supervisor
when there is hard evidence on θ. Let X P (θ) be the optimal decision over
this “Pooling” regime. Then, the equilibrium payoff of the problem is,


Z θ
1 ∂C(X P (θ), θ) 
 P
P
X (θ) − C(X (θ), θ) + [(1 − p) + pk]
 f (θ)dθ.
{z
} h(θ)
|
∂θ
θ
≤1

(A.3)
From the revealed preference argument, the following two inequalities
hold.
Z θ
(1 − p)
[X S (θ) − C(X S (θ), θ)]f (θ)dθ
θ

Z

θ

+[(1 − p) + pk]
θ

Z
≥(1 − p)

1 ∂C(X S (θ), θ)
f (θ)dθ
h(θ)
∂θ

θ

[X P (θ) − C(X P (θ), θ)]f (θ)dθ

(A.4)

θ

Z
+[(1 − p) + pk]
θ

Z

θ

1 ∂C(X P (θ), θ)
f (θ)dθ
h(θ)
∂θ

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

p
θ

|

{z

First Best Expected Total Surplus

Z
≥p

}

θ

[X P (θ) − C(X P (θ), θ)]f (θ)dθ.

θ

Adding them up, we obtain the first comparison result:
Z
(1 − p)

θ

[X S (θ) − C(X S (θ), θ)]f (θ)dθ

θ

Z
+p

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

θ

|

{z

First Best Expected Total Surplus

Z
+[(1 − p) + pk]
θ

θ

}

1 ∂C(X S (θ), θ)
f (θ)dθ
h(θ)
∂θ

(A.5)
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Z
≥(1 − p)
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θ

[X P (θ) − C(X P (θ), θ)]f (θ)dθ

θ
θ

Z

[X P (θ) − C(X P (θ), θ)]f (θ)dθ

+p

(A.6)

θ

Z
+[(1 − p) + pk]
θ
θ

Z
=
θ

θ

1 ∂C(X P (θ), θ)
f (θ)dθ
h(θ)
∂θ



1 ∂C(X P (θ), θ)
P
P
X (θ) − C(X (θ), θ) + [(1 − p) + pk]
f (θ)dθ.
h(θ)
∂θ
(A.7)

This result shows that the principal can do better by conditioning the
output on whether there is hard evidence r = θ or not r = φ. When there
is no hard evidence with probability 1 − p, the principal can set the output
at X S (θ) and pay the full information rent U (θ) to the agent. On the other
hand, if the supervisor reports hard evidence r = θ with probability p, the
principal sets the output level at the First best X F B (θ) and pays wage
kU (θ) to the supervisor. That is, the “Three-tier” regime with supervision
(TH) is preferable to the “Pooling” regime (PL).
Next, from the revealed preference argument, the second comparison
holds.
Z

θ

Z

θ



∂C(X P (θ), θ) 1
P
P
X (θ) − C(X (θ), θ) + [(1 − p) + pk]
f (θ)dθ
∂θ
h(θ)
θ

Z θ
∂C(X T W (θ), θ) 1
TW
TW
≥
X
(θ) − C(X
(θ), θ) + [(1 − p) + pk]
f (θ)dθ
∂θ
h(θ)
θ
Z θ
1 ∂C(X T W (θ), θ)
+ p(1 − k)
f (θ)dθ
(A.8)
| {z } θ h(θ)
∂θ
|
{z
}
≥0
−

=
θ


X T W (θ) − C(X T W (θ), θ) +


1 ∂C(X T W (θ), θ)
f (θ)dθ.
h(θ)
∂θ

In comparison to the Two-tier hierarchy, the principal is better off in the
“Pooling” regime, since the distortion on the output is lower X T W (θ) ≤
X P (θ) ≤ X F B (θ), ∀θ due to (1 − p) + pk ≤ 1. That is, the “Pooling”
regime is preferable to ‘Two-tier’ regime with no supervision (TW).
Combining these two comparison results, we obtain the proposition.
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A.4. PROOF OF PROPOSITION 5
Proof. Since


∂J S (X, θ)
∂C(X, θ)
[(1 − p) + pk] ∂ 2 C(X, θ)
=(1 − p) 1 −
+
= 0 at X = X S (θ)
∂X
∂X
h(θ)
∂X∂θ


1 ∂ 2 C(X S (θ), θ)
(1 − p)
∂C(X S (θ), θ)
⇐⇒
=−
1−
.
h(θ)
∂X∂θ
[(1 − p) + pk]
∂X
we find from (13) that


∂J B (X, θ)
∂C(X S (θ), θ)
p(β − γ) ∂ 2 C(X S (θ), θ)
= − pγ 1 −
+
at X = X S (θ)
∂X
∂X
h(θ)
∂X∂θ




∂C(X S (θ), θ)
p(β − γ)(1 − p)
∂C(X S (θ), θ)
= − pγ 1 −
−
1−
∂X
[(1 − p) + pk]
∂X



S
(β − γ)(1 − p)
∂C(X (θ), θ)
=−p γ+
1−
.
[(1 − p) + pk]
∂X
B

∂C(X S (θ),θ)
∂X


S

(θ),θ)
≥ 0 for XS (θ) ≤ X F B (θ), the sign of ∂X (X
∂X
(γ−β)(1−p)
depends on −p γ + (β−γ)(1−p)
[(1−p)+pk] . We easily see that γ ≥ [(1−p)+pk] ⇐⇒

Since 1 −
(1−p)+pk
(1−p)

≥

γ−β
γ

⇐⇒ 1 +

pk
1−p

≥ 1−

β
γ

holds for any 0 ≤ p, k ≤ 1, and
β, γ ≥ 0.
B
(X S ,θ)
Then, since ∂J ∂X
evaluated at X = X S (θ), X S (θ) cannot be optimal
for the behavioral regimes. A marginal decrease in X(θ) from X S (θ) would
increase the virtual surplus J B (X, θ) of the behavioral regime. Hence, we
have X B (θ) ≤ X S (θ).29

A.5. PROOF OF COROLLARY 2
B
Proof. From (13), the derivative JX
(X, θ) is nonincreasing in β (bep ∂ 2 C(X,θ)
B
≤ 0. Hence,
havioral elements). That is, JXβ (X, θ) = h(θ)
∂X∂θ
B
the optimal solution X B (θ) is nonincreasing in β. Further, JXγ
(X, θ) =
nh
i
o
i
h
2
∂C(X,θ)
∂
C(X,θ)
∂J(X,θ)
1
−p 1 − ∂X
+ h(θ)
. We already know that ∂X = 1 − ∂C(X,θ)
+
∂X∂θ
∂X
2
1 ∂ C(X,θ)
h(θ) ∂X∂θ

= 0 at X = X(θ).

29 This result can be obtained also from the comparison in virtual marginal cost between two regimes: No Behavioral (TH) and Behavioral (B) regimes.
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Then, since X B (θ) ≤ X(θ) from proposition 5, we have ∂J(X,θ)
≥ 0 at
∂X
B
B
X = X (θ). Hence, we have JXγ (X, θ) ≤ 0, which means that the optimal
solution X B (θ) is nonincreasing in γ. In sum, the output downward distortion is increasing in β and γ.

A.6. PROOF OF PROPOSITION 6.1
Proof. First, the virtual surplus for type θ in the three-tier, no behavioral regime (TH) is
p[X F B (θ) − C(X F B (θ), θ) − kU (θ)] + (1 − p)(X(θ) − C(X(θ), θ) − U (θ))
=(1 − p)(X(θ) − C(X(θ), θ)) + p[X F B (θ) − C(X F B (θ), θ)] − [(1 − p) + pk]U (θ).
Hence the maximized expected virtual surplus in the three-tier regime (TH)
is, by using the lemma 3,
Z
(1 − p)

θ

[X S (θ) − C(X S (θ), θ)]f (θ)dθ

θ

Z
+p

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

θ

|

{z

First Best Expected Total Surplus

Z
+[(1 − p) + pk]
θ

θ

}

1 ∂C(X S (θ), θ)
f (θ)dθ.
h(θ)
∂θ

Next, the principal’s virtual surplus for type θ in the Behavioral regime
(B) is
p[X F B (θ) − C(X F B (θ), θ) − WS (θ)] + (1 − p)(X(θ) − C(X(θ), θ) − U (θ)).
By remembering the following coalition-proof constraint with behavioral
elements

WS (θ)− βU (θ) ≥ kU (θ)−γ [X F B (θ) − C(X F B (θ), θ)] − (X(θ) − C(X(θ), θ) − U (θ))
| {z }
|
{z
}
Shading Loss
by the Agent

Shading Loss by the Principal

the virtual surplus for type θ in the Behavioral regime (B) is transformed
as follows.
p[X F B (θ) − C(X F B (θ), θ)] + (1 − p)(X(θ) − C(X(θ), θ)) − [(1 − p) + pk]U (θ)
+pγ{[X F B (θ) − C(X F B (θ), θ)] − [X(θ) − C(X(θ), θ)]} − p(β − γ)U (θ).
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Now, the expected virtual surplus is written as follows by the lemma 3.
θ

Z
(1 − p)

[X(θ) − C(X(θ), θ)]f (θ)dθ
θ

θ

Z

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

+p
θ

|

{z

}

First Best Expected Total Surplus
θ

Z
+[(1 − p) + pk]
θ

(Z

1 ∂C(X(θ), θ)
f (θ)dθ
h9θ
∂θ
)

θ

[(X F B (θ) − C(X F B (θ), θ)) − (X(θ) − C(X(θ), θ))]f (θ)dθ

+pγ
θ

Z

θ

+p(β − γ)
θ

1 ∂C(X(θ), θ)
f (θ)dθ.
h(θ)
∂θ

B
Let XCP
(θ) be the optimal output over the maximization problem for type
θ
B
XCP
(θ) ∈ arg max J B (X, θ) = (1 − p)(X(θ) − C(X(θ), θ)) +
X(·)
|
{z

[(1 − p) + pk] ∂C(X(θ), θ)
h(θ)
∂θ
}

Standard Virtual SurplusJ(X,θ)



(β − γ) ∂C(X(θ), θ)
− p γ(X(θ) − C(X(θ), θ)) −
.
h(θ)
∂θ
|
{z
}
Virtual Loss through Behavioral Elements

(A.9)
Then, the maximized expected virtual surplus in the behavioral regime
(B) is transformed as follows.
Z
(1 − p)

θ
B
B
[XCP
(θ) − C(XCP
(θ), θ)]f (θ)dθ

θ

Z
+p

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

θ

|

{z

First Best Expected Total Surplus

}

θ

B
(θ), θ)
1 ∂C(XCP
f (θ)dθ
(A.10)
h(θ)
∂θ
θ
(Z
)
Z θ
θ
FB
FB
B
B
+pγ
[X (θ) − C(X (θ), θ)]f (θ)dθ −
[XCP (θ) − C(XCP (θ), θ)]f (θ)dθ

Z

+[(1 − p) + pk]

θ

θ
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]θ

Z
+p(β − γ)
θ
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B
1 ∂C(XCP
(θ), θ)
f (θ)dθ.
h(θ)
∂θ

Hence, the condition for the principal’s equilibrium profit to increase in the
behavioral regime (B) relative to the standard three-tier regime (TH) is as
follows.








Z θ

Z θ
FB
FB
B
B
[X (θ) − C(X (θ), θ)]f (θ)dθ −
[XCP (θ) − C(XCP (θ), θ)]f (θ)dθ
pγ


θ
θ




{z
}

|
First Best Expected Total Surplus
θ

Z
+p(β − γ)
θ

B
1 ∂C(XCP
(θ), θ)
f (θ)dθ
h(θ) |
∂θ
{z
}

(A.11)

−

Z

θ
B
B
{[X S (θ) − C(X S (θ), θ)] − [XCP
(θ) − C(XCP
(θ), θ)]}f (θ)dθ

≥(1 − p)
θ

Z
+[(1 − p) + pk]
θ

θ

1
h(θ)



B
∂C(X S (θ), θ) ∂C(XCP
(θ), θ)
−
∂θ
∂θ


f (θ)dθ.

The RHS of the inequality is the payoff difference between X S (θ) and
B
XCP
(θ) coming from the following revealed preference relation:
θ

θ

1 ∂C(X S (θ), θ)
f (θ)dθ
∂θ
θ
θ h(θ)
Z θ
Z θ
B
(θ), θ)
1 ∂C(XCP
B
B
≥(1 − p)
[XCP (θ) − C(XCP (θ), θ)]f (θ)dθ + [(1 − p) + pk]
f (θ)dθ.
h(θ)
∂θ
θ
θ
(A.12)
Z

(1 − p)

S

S

Z

[X (θ) − C(X (θ), θ)]f (θ)dθ + [(1 − p) + pk]

The LHS of the inequality is totally the principal’s payoff increase through
discretely relaxing the coalition incentive constraint by the principal’s shading threat γ ≥ β. That is, the principal can reduce the reward to the supervisor discretely through his shading threat (γ times aggrievement) to the supervisor, thereby increasing his profit.
Remark on Proposition 6.1:
The supervisor’s equilibrium payoff under shading is, from (14),
WS (θ)−βU (θ) = kU (θ)−γ{[X F B (θ)−C(X F B (θ), θ)]−[X(θ)−C(X(θ), θ)−U (θ)]}.
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Thus, the condition for the supervisor’s IR constraint to be satisfied is
kU (θ)−γ{[X F B (θ) − C(X F B (θ), θ)] = [X(θ) − C(X(θ), θ) − U (θ)]} ≥ 0, ∀θ ∈ [θ, θ].
|
{z
}
Shading Loss

(A.13)
This requires that the shading by the principal is not too strong. Hence, a
necessary condition under which (1) the principal’s equilibrium profit more
likely increases by the introduction of the behavioral elements and (2) his
U (θ)
IR constraint also holds is β ≤ γ ≤ (FBprofit)−(SBprofit)
k, more concretely,
β ≤ γ ≤ min
θ

{[X
|

FB

(θ) − C(X

FB

U (θ)
k, ∀θ ∈ [θ, θ].
(θ), θ)] − [X(θ) − C(X(θ), θ) − U (θ)]}
{z
}
Aggrievement

(A.14)
A.7. PROOF OF PROPOSITION 6.2
When β ≥ γ, the second term of the LHS of the corresponding
B
R θ 1 ∂C(XCP
(θ), θ)
f (θ)dθ ≤ 0.
inequality in Proposition 7.1 p (β − γ) θ h(θ)
| {z }
∂θ
{z
}
|
Proof.

≥0

−

That is, when β ≥ γ, the net positive shading cost by the agent must be
compensated for the supervisor by the principal. Only the first term of the
LHS is positive, which becomes smaller when p, γ are smaller. This makes
the inequality more difficult to hold.

A.8. PROOF OF PROPOSITION 9
Proof.
Step 1 First, we compare the equilibrium payoffs between the ‘CollusionB
(θ)w.p1 − p, X F B (θ)w.pp] and the ‘Pooling’ (PL)
proof’ (CP) regime [XCP
P
regime [X (θ)w.p1].
B
By definition, XCP
(θ) is the optimal output rule over the problem (CP)
Z
max(1 − p)
X(·)

θ

[X(θ) − C(X(θ), θ)]f (θ)dθ
θ

Z
+[(1 − p) + p(k + β)]
θ

θ

1 ∂C(X(θ), θ)
f (θ)dθ.
h(θ)
∂θ
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By definition, X P (θ) is the optimal output rule over the problem (PL)
Z

θ

max
X(·)

θ



∂C(X(θ), θ) 1
f (θ)dθ.
X(θ) − C(X(θ), θ) + [(1 − p) + p(k + β)]
∂θ
h(θ)

Hence, from the revealed preference argument, the following holds.
θ

Z

B
B
[XCP
(θ) − C(XCP
(θ), θ)]f (θ)dθ

(1 − p)
θ

θ

Z

B
1 ∂C(XCP
(θ), θ)
f (θ)dθ
h(θ)
∂θ

+[(1 − p) + p(k + β)]
θ

(A.15)

θ

Z

[X P (θ) − C(X P (θ), θ)]f (θ)dθ

≥(1 − p)
θ

θ

Z

1 ∂C(X P (θ), θ)
f (θ)dθ.
h(θ)
∂θ

+[(1 − p) + p(k + β)]
θ

The following inequality holds by the same revealed preference argument.
Z

θ

[X

p

FB

(θ) − C(X

FB

Z
(θ), θ)]f (θ)dθ ≥ p

θ

|

θ

[X P (θ)−C(X P (θ), θ)]f (θ)dθ.

θ

{z

}

First Best Expected Total Surplus

(A.16)
Hence, we have the following inequality.
Z

θ
B
B
[XCP
(θ) − C(XCP
(θ), θ)]f (θ)dθ

(1 − p)
θ

Z

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

+p
θ

|

{z

First Best Expected Total Surplus

Z
+[(1 − p) + p(k + β)]
θ

Z
≥(1 − p)

θ

}

B
1 ∂C(XCP
(θ), θ)
f (θ)dθ
h(θ)
∂θ

θ

[X P (θ) − C(X P (θ), θ)]f (θ)dθ

θ

Z
+p
θ

θ

[X P (θ) − C(X P (θ), θ)]f (θ)dθ

(A.17)
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Z

θ

+[(1 − p) + p(k + β)]
θ

Z

1 ∂C(X P (θ), θ)
f (θ)dθ
h(θ)
∂θ

θ

[X P (θ) − C(X P (θ), θ)]f (θ)dθ

=
θ

Z
+[(1 − p) + p(k + β)]
θ

θ

1 ∂C(X P (θ), θ)
f (θ)dθ.
h(θ)
∂θ

B
Thus, the ‘Collusion-proof’ regime (CP) [XCP
(θ)w.p1 − p, X F B (θ)w.pp]
is payoff dominant over the ‘Pooling’ (PL) regime [X P (θ)w.p1] for the
principal.
Step 2 Next, we compare the equilibrium payoffs between the ‘Pooling’
regime (PL) X P (θ) and Equilibrium Collusion Regime (EC) XEC (θ).
By definition, XEC (θ) is the optimal output rule over the problem

Z
max
X(·)

θ

θ



∂C(X(θ), θ) 1
f (θ)dθ.
X(θ) − C(X(θ), θ) +
∂θ
h(θ)

Then, from the revealed preference argument, the following holds.

θ



∂C(X P (θ), θ) 1
X P (θ) − C(X P (θ), θ) + [(1 − p) + p(k + β)]
f (θ)dθ
∂θ
h(θ)
θ

Z θ
∂C(XEC (θ), θ) 1
≥
f (θ)dθ:Eq. Collusion Payoff
XEC (θ) − C(XEC (θ), θ) +
≤ θ
∂θ
h(θ)
Z

We have the following result on the marginal incentives (outputs), by comparing the coefficients of the information rents between Two Regimes.

XEC (θ) ≤ X P (θ) if (1 − p) + p(k + β) ≤ 1 ⇐⇒ β ≤ 1 − k
P

XEC (θ) ≥ X (θ) if (1 − p) + p(k + β) ≥ 1 ⇐⇒ β ≥ 1 − k

(A.18)
(A.19)
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1. When XEC (θ) = X(θ) ≤ X P (θ) if (1−p)+p(k+β) ≤ 1 ⇐⇒ β ≤ 1−k
Combining the results of the above two steps, we obtain
Z
(1 − p)

θ
B
B
[XCP
(θ) − C(XCP
(θ), θ)]f (θ)dθ

θ

Z
+p

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

θ

{z

|

First Best Expected Total Surplus

Z
+[(1 − p) + p(k + β)]
θ

θ

}

B
1 ∂C(XCP
(θ), θ)
f (θ)dθ
h(θ)
∂θ

θ



∂C(X P (θ), θ) 1
P
P
f (θ)dθ
≥
X (θ) − C(X (θ), θ) + [(1 − p) + p(k + β)]
∂θ
h(θ)
θ

Z θ
1 ∂C(XEC (θ), θ)
≥
XEC (θ) − C(XEC (θ), θ) +
f (θ)dθ.Eq. Collusion Payoff
h(θ)
∂θ
θ
Z

The principal prefers the Collusion-proof regime (CP) to the Equilibrium
Collusion regimes (EC) in terms of his expected payoff when the shading
parameter β ≤ 1 − k, which is a sufficient condition for the Collusion-proof
regime (CP) to be optimal. In this case, the “collusion-proof principle” still holds.
2. When XEC (θ) ≥ X P (θ) if (1 − p) + p(k + β) ≥ 1 ⇐⇒ β ≥ 1 − k
B
(θ) is determined by
The optimal solution XCP


B
(X, θ)
∂JCP
∂C(X, θ)
[(1 − p) + pk] ∂ 2 C(X, θ)
pβ ∂ 2 C(X, θ)
= [1 − p] 1 −
+
+
= 0.
∂X
∂X
h(θ)
∂X∂θ
h(θ) | ∂X∂θ
{z }
|
{z
}
−
Marginal Vortual Surplus
|
{z
}
Marginal Shading Cost

That is,
h
i
pk


1 + 1−p
∂C(X, θ)
∂ 2 C(X, θ)
pβ
1 ∂ 2 C(X, θ)
1−
+
+
= 0.
∂X
h(θ)
∂X∂θ
1 − p h(θ) | ∂X∂θ
{z }
|
{z
}
−
Marginal Virtual Surplus
{z
}
|
Marginal Shading Cost

(A.20)
Then, as the shading parameter β becomes larger (as β → +∞), the
B
optimal output rule goes to zero, XCP
(θ) → 0 for all θ ∈ [θ, θ]. Then,
the potential aggrievement (information rent) for the agent also goes to
zero, U (θ) → 0 for all θ ∈ [θ, θ]. Hence, the equilibrium payoff of the
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Collusion-proof regime with Behavioral elements goes to
θ

Z

B
B
[XCP
(θ) − C(XCP
(θ), θ)]f (θ)dθ

(1 − p)
θ

{z

|

}

→0

Z

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

+p
θ

{z

|

}

First Best Expected Total Surplus

Z
+[(1 − p) + p(k + β)]
θ

|
Z
→p

θ

B
1 ∂C(XCP
(θ), θ)
f (θ)dθ
h(θ)
∂θ
{z
}
→0

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ .

(A.21)

θ

|

{z

First Best Expected Total Surplus

}

On the other hand, the payoff of the Equilibrium Collusion regime is independent of β, p
Z

θ

[XEC (θ) − C(XEC (θ), θ) − U (θ)]dθ
θ

Z
=
θ

θ



∂C(XEC (θ), θ) 1
XEC (θ) − C(XEC (θ), θ) +
f (θ)dθ
∂θ
h(θ)

(A.22)

Hence, which payoff is greater between (CP) and (EC) at β → +∞ depends
on the relative size of
Z
p

θ

[X F B (θ) − C(X F B (θ), θ)]f (θ)dθ

θ

|
≥
<

Z

}

θ

[XEC (θ) − C(XEC (θ), θ) − U (θ)]f (θ)dθ
θ

|
Case 1

{z

First Best Expected Total Surplus

{z

Eq. Collusion Payoff

}
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If
Z

θ

[XEC (θ) − C(XEC (θ), θ) − U (θ)]f (θ)dθ
θ

|

{z

Eq. Collusion Payoff=Second Best Surplus

p<

Z

}
= p∗

θ

[X

FB

(θ) − C(X

FB

(A.23)

(θ), θ)]f (θ)dθ

θ

|

{z

First Best Expected Total Surplus

}

There exists a cutoff value of shading strength β ∗ such that for β ≥ β ∗ (≥
1 − k) “Equilibrium Collusion” Payoff dominates “Collusion-proof” payoff,
that is, Equilibrium Collusion is optimally chosen by the principal.
Case 2
If
Z θ
[XEC (θ) − C(XEC (θ), θ) − U (θ)]f (θ)dθ
θ

|
p≥

{z

Eq. Collusion Payoff=Second Best Surplus

Z

θ

[X

FB

(θ) − C(X

FB

}
= p∗

(A.24)

(θ), θ)]f (θ)dθ

θ

|

{z

First Best Expected Total Surplus

}

Equilibrium Collusion is not optimal even for β → +∞, but Collusion-proof
regime is optimally chosen. (A clear example is p → 1). The point is that
Shut-down is endogenously chosen in the states of (θ, φ), that is, the opB
(θ) → 0 for all θ ∈ [θ, θ], and the
timal output rule goes to zero, XCP
potential aggrievement (information rent) also goes to zero, U (θ) → 0 for
all θ ∈ [θ, θ].
As p becomes smaller, the states of (θ, φ) with probability 1 − p increase.
B
(θ) any more in the suThen the principal cannot neglect his decision XCP
B
pervisory no information state φ, in the form of XCP
(θ) → 0. However, the
cost of collusion-proof constraint, or the shading cost which the principal
will eventually bear becomes very large. Since it is too costly, the principal optimally switches to the Equilibrium Collusion Regime which induces
XEC (θ) in both states.
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