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It has been argued that collusion among the members of an organization
may lead to inefficiencies and hence should be prevented in equilibrium.
This paper shows that whenever the parties to an organization can renegoti-
ate their incentive scheme after collusion, these inefficiencies can be greatly
reduced. Moreover, it might not be possible to prevent collusion and renegoti-
ation in equilibrium. Indeed, if collusion is observable but not verifiable, then
the organization’s optimal incentive scheme will always be renegotiated. If,
instead, collusion is not observable to the principal, both collusion and rene-
gotiation will occur in equilibrium with positive probability. The occurrence
of collusion and renegotiation should therefore not be taken as evidence of
the inefficiency of an organization.

1. INTRODUCTION
1.1 OVERVIEW

The mechanism design literature has provided us with two basic prin-
ciples that govern the specification of an optimal mechanism to reg-
ulate the structure of an organization or a firm: the renegotiation-proof
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principle (Dewatripont, 1989; Maskin and Tirole, 1992; Dewatripont
and Maskin, 1995) and the collusion-proof principle (Tirole, 1986, 1992;
Laffont and Martimort, 2000). These two principles guarantee that
whenever the members of an organization have the opportunity to
collude against or renegotiate the optimal incentive scheme that gov-
erns the working of the organization, in equilibrium, both collusion
and renegotiation can be prevented by the optimal incentive scheme.
Indeed, this can be done by taking explicitly into account the par-
ties” opportunities to get involved in collusion or renegotiation and
offering the parties the net payoff they would derive from the rene-
gotiation and collusion transactions.

In this paper, we show that in a dynamic setting, if the mem-
bers of an organization have the opportunity to both collude against
the optimal incentive scheme and then renegotiate it, it is not possi-
ble in equilibrium to prevent both collusion and renegotiation. This is
true provided that the principal of this organization cannot offer opti-
mal incentive schemes that are contingent on the employees’ collusive
agreements.

In particular we show that if collusion is observable, but not ver-
ifiable, to everybody in the organization, the optimal incentive scheme
might be collusion-proof but cannot be renegotiation-proof. On the
other hand, if collusion is not observable to any party but the col-
luding ones, the optimal incentive scheme cannot be either collusion-
proof or renegotiation-proof.

Finally, we show that while the presence of collusion is harmful
to the surplus of the organization, if following collusion the parties to
the organization have the opportunity to renegotiate their incentive
scheme, then these inefficiencies can be greatly reduced. In particular,
if collusion is observable, this inefficiency can be completely elimi-
nated, whereas some inefficiencies remain if collusion is only observ-
able to the colluding parties.

Consider an organization in which at least two employees (an
agent and a supervisor) operate under the same center (principal). If
the principal wants to induce these employees to complete separate
tasks using an incentive scheme, he will accomplish this by introduc-
ing some risk in their remuneration schedule. However, since the two
employees do not necessarily have to perform perfectly correlated
tasks, the risks introduced in the two remuneration schedules may
differ. Hence, the employees’ shares of surplus will, in general, dif-
fer in different states of nature. If both employees operate in the same
working environment, and at least one of them is risk-averse, they will
then have an incentive to get involved in a collusion contract, which
takes the form of a risk-sharing agreement. In this way, in fact, they
can share the risk the principal is imposing on them. This agreement



Renegotiation and Collusion in Organizations 455

alters their incentives, introducing some potential efficiency losses in
the organization.

If, in addition, the productive activity of the organization takes
time and (say) the supervisor completes her task before the agent com-
pletes his own, it is now the principal’s turn to have an incentive to
renegotiate the wage schedule of the supervisor so as to share with her
the risk that the original contract and the collusive agreement with the
agent together impose on the supervisor’s remuneration. Foreseeing
this renegotiation, agent and supervisor might readjust their collusive
risk-sharing agreement, introducing additional efficiency losses in the
organization.

If, however, the principal is aware of both the collusion and the
renegotiation opportunities of the agent and the supervisor, these effi-
ciency losses may be reduced. Indeed, we show that if collusion is
observable and renegotiation occurs after collusion, the principal can
take into account the redistribution of surplus that these collusion and
renegotiation agreements yield when designing the optimal incentive
scheme. The result is that, when all transfers are realized, the share
of surplus each individual is left with is exactly the one that induces
optimal incentives. Hence, in this way, all efficiency losses are elimi-
nated and the only role of collusion and renegotiation is to decentral-
ize the allocation of the optimal shares of surplus to the members of
the organization.

Clearly, if one of the individuals operating in the organization is
risk-neutral, the way to induce optimal incentives is simple. It will be
enough for the principal to make this member of the organization the
residual claimant of the other member, in effect selling the organiza-
tion to him/her. Neither collusion nor renegotiation will be observed
in equilibrium.

This paper generalizes the result to the case in which both mem-
bers of the organization are strictly risk-averse, so that making one of
them residual claimant may become very expensive for the princi-
pal. As mentioned above, we show in this case that if the principal
cannot offer to the supervisor and the agent contracts that are con-
tingent on the allocation induced by their collusive agreement, the
optimal incentive scheme yields an allocation of surplus between the
employees that might not be colluded upon but will be renegotiated
in equilibrium. In other words, it is not possible to have an optimal
incentive scheme that is both collusion- and renegotiation-proof.

The main intuition for this result can be described as follows.

Consider the following timing. The principal first offers an incen-
tive scheme to both the agent and the supervisor. Then the super-
visor and agent collude by signing a risk-sharing agreement. After
this the supervisor completes her task. Then renegotiation takes place
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between the principal and the supervisor before the agent completes
his own task.

In such a situation, whatever the supervisor’s remuneration,
given that the supervisor is risk-averse and the principal is risk-neutral
and at the renegotiation stage the supervisor has completed her task,
the principal will provide the supervisor with full insurance. One
might conclude from this observation that the supervisor, foreseeing
the outcome of the renegotiation with the principal, will provide the
agent with full insurance at the collusion stage, eliminating any incen-
tive from the agent’s remuneration and maximizing the efficiency
losses to the organization. This intuition however is not correct in
our setting. Indeed, since renegotiation follows collusion, by subgame
perfection the supervisor and the agent will internalize the renego-
tiation agreement between the principal and the supervisor and its
effect on the agent’s effort choice when choosing their optimal, col-
lusive agreement. In other words, by leaving some risk to the agent
at the collusion stage, the supervisor and the agent will maximize the
stakes of collusion and in this way internalize the efficiency losses that
renegotiation and collusion might generate.

The principal, then, by fine-tuning the risk present in the joint
remuneration of the supervisor and the agent, may actually restore
second-best efficiency, reducing to zero any efficiency losses induced
by collusion and renegotiation. Of course, since it is not possible to
offer the supervisor and the agent a risky joint remuneration and
at the same time prevent the supervisor from taking at least some
risk at the collusion stage, any initial contract offered to the supervi-
sor will necessarily be renegotiated. This is not true for the collusion
agreement.

If collusion is observable to every party in the organization, in
solving for the optimal incentive scheme, only the joint remuneration
offered to the supervisor and the agent by the initial contract matters.
In other words, there exists a degree of freedom in the way in which
the initial contract allocates the joint remuneration between the agent
and the supervisor. This implies that by offering, at the initial stage,
both the agent and the supervisor the same net remuneration they will
be left with after collusion, any collusion will be prevented in equilib-
rium, although the contract will still be renegotiated. This degree of
freedom disappears if collusion is not observable to the principal.

It is important to notice that it is not possible to restore second-
best efficiency if the outcome of the renegotiation between the prin-
cipal and the supervisor is independent of the collusion agreement
between the supervisor and the agent. This is true if, for example, the
renegotiation contract is agreed upon before collusion takes place. In
this case the supervisor will be left after the collusion stage with a
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risky payoff which translates into a loss of efficiency, which means
that the renegotiation contract is not ex post optimal.

This observation is key to the intuition of why, in our framework,
when collusion is not observable to the principal, collusion occurs in
equilibrium and the principal suffers from the presence of both collu-
sion and renegotiation. Indeed, since in our framework the principal
has all the bargaining power at the renegotiation stage and collusion is
not observable, the renegotiation stage looks like an adverse-selection
model in which the type of the supervisor is characterized by the
collusive agreement she accepted from the agent. However, since the
way in which the principal can separate different types of supervisor
is through their willingness to accept the renegotiation offer, every-
thing is as if the renegotiation contract and the collusion contract
were chosen simultaneously. This implies that the renegotiation con-
tract is given when collusion is chosen. The intuition discussed above
then applies, and there does not exist a pure-strategy equilibrium of
the collusion-and-renegotiation subgame in which the agent exerts a
strictly positive effort. We further show that the only equilibrium com-
patible with the agent’s incentives to exert a positive effort is a mixed-
strategy equilibrium in which both collusion and renegotiation occur
in equilibrium with positive probability.

For some parameter values this is the only equilibrium compati-
ble with the optimal incentive scheme for the organization. It is worth
noticing that in the case in which collusion is not observable, the fact
that both collusion and renegotiation occur in equilibrium with strictly
positive probability is independent of our assumption that the princi-
pal cannot offer contracts contingent on the outcome of the collusive
agreement.

The rest of the paper is organized in the following way. We start
by presenting the structure of the model (Sec. 2), the timing (Sec. 3),
and the benchmark incentive scheme, that is, the optimal incentive
scheme when collusion is not feasible for exogenous reasons (Sec. 4).
Sections 5 and 6 describe, respectively, collusion and renegotiation in
our framework. The optimal incentive scheme in the case in which col-
lusion is observable to all the members of the organization is derived
in Section 7. An example of this incentive scheme in the case in which
contracts are restricted to be linear and the state of nature is normally
distributed is presented in Section 8. In Section 9 we characterize the
features of the optimal incentive scheme in the case in which collusion
is not observable to the principal. Section 10 concludes the paper.
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1.2 RELATED LITERATURE

Two strands of literature are related to the analysis of this paper: the
literature on collusion and the literature on renegotiation, in particular
the papers that analyze renegotiation in agency contracts.

The literature on collusion is essentially divided in two groups
of papers. The first group are papers—pioneered by Tirole (1986)—
that analyze adverse-selection models. In these papers the stake of
collusion consists of the surplus that employees can capture by not
revealing to the principal the private information they have and are
supposed to report. In this setting the collusion-proof principle holds.
The optimal incentive scheme can be implemented by preventing any
collusive agreement in equilibrium.’ Our analysis differs from these
papers in that, as discussed below, we focus on a different stake of
collusion and renegotiation. Moreover, in our setting, when collusion
is not observable to the members of the organization, it is not pos-
sible to implement the optimal incentive scheme in a collusion-proof
manner.

The second group are papers that analyze collusion in agency
models (Holmstrom and Milgrom, 1989; Varian, 1989; Itoh, 1993). In
these papers the stake of collusion comes from the risk that the incen-
tive scheme imposes on individual employees’ remuneration and that
can be profitably shared among risk-averse employees. This is the type
of collusion we analyze in this paper. In this literature the collusion-
proof principle holds as well.? We differ from these papers in intro-
ducing the possibility of renegotiation between the principal and one
of the employees (the supervisor). This renegotiation could be inter-
preted as an additional collusion (risk-sharing) opportunity, this time
between the principal and the supervisor.

The other literature of relevance for our analysis is the one on
renegotiation. Renegotiation was first identified as a constraint for
an optimal incentive scheme by Dewatripont (1989) in an adverse-
selection setting. In this setting renegotiation opportunities arise
because of dynamic changes in the parties” information structure. This
is not the type of renegotiation we focus on.

1. A notable exception to the collusion-proof principle is Kofman and Lawarrée
(1996). In their setting preventing collusion is too costly with respect to the efficiency
losses that collusion introduces in the organization. As a result, for certain parameter
values it is optimal for the designer of the incentive scheme to let the parties collude.

2. In this literature a failure of the collusion-proof principle is presented in Itoh
(1993). In that paper it is optimal for the principal to allow the parties to collude. The
reason is that the parties have superior information to the principal and by colluding
they use this superior information efficiently. In other words, collusion is beneficial to
the organization, since it induces the parties to better exploit their private information.
In our setting this is not the case. The colluding parties have the same information
structure as the principal, and hence collusion is potentially harmful to the organization.
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We model renegotiation as a risk-sharing agreement between the
principal and the supervisor. The stake of renegotiation is created by
the risk that the possibility of collusion introduces in the supervi-
sor’s remuneration that the principal has an ex post interest to insure.
Subgame perfection however implies that by insuring the supervisor
the principal indirectly provides the agent with (partial) insurance as
well. Indeed, at the collusion stage both the agent and the supervi-
sor can foresee the outcome of the future renegotiation and share their
risk accordingly. In this respect the renegotiation we model is closer in
nature to the one analyzed in the literature on renegotiation in agency
contracts (Fudenberg and Tirole, 1990; Hermalin and Katz, 1990; Ma,
1994; Matthews, 1995). The difference with the latter group of papers
is that these papers allow the principal to renegotiate directly with
the agent, while this is only indirectly possible in our setting, where a
renegotiation opportunity is introduced by the possibility of collusion
between the employees (agent and supervisor) of the organization.

A recent paper on renegotiation that is related to our analysis
is Reiche (1999). That paper analyzes an optimal contract between
two asymmetrically informed parties in the presence of renegotiation.
One of its main results is that the renegotiation-proof principle does
not hold. In other words, for certain parameter values the unique
continuation equilibrium of the renegotiation subgame is such that
renegotiation occurs in equilibrium with strictly positive probability.
Although it focuses on a different model, the logic behind the fact that
in Reiche (1999) parties renegotiate the optimal contract with strictly
positive probability is similar to the logic behind the mixed-strategy
equilibrium of the collusion-and-renegotiation subgame that we ana-
lyze in Section 9 below when collusion is not observable.

The last aspect of the literature on collusion that needs to be
mentioned here is the enforcement mechanism of collusive contracts.
At first the literature on collusion has simply assumed that side con-
tracts are regular contracts and can be enforced using a court, not
being modeled, in the background (Tirole, 1986). A small literature
has recently developed that models explicitly the enforcement mecha-
nism of side contracts (Felli, 1996, Acemoglu, 1996; Martimort, 1997).
Given the convert nature of a collusive agreement, a side deal needs to
be self-enforcing. This enforcement mechanism can be, for example,
an exogenous penalty that each party can impose on his/her coun-
terpart if he/she does not perform according to the side deal (Felli,
1996) or a punishment strategy that each party can use to enforce a
given equilibrium behavior of the other colluding party (Acemoglu,
1996, Martimort, 1997). Being explicit on this mechanism allows the
principal to use more effective and possibly cheaper ways to prevent
collusion.
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In our analysis we follow the original approach of the litera-
ture: we assume that side contracts are fully enforceable like regular
contracts, and we do not model the enforcement mechanism. How-
ever, to respect at least the covert nature of collusive agreement, we
assume that no other contract can be made contingent on the alloca-
tion induced by a collusive agreement. In other words, no contract
might require the verifiability in court of a collusive agreement.

2. THE PARTIES

The framework of our analysis is a very simple three-level 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
random technology that can generate two possible outcomes, which
we normalize to zero for the low outcome, and one for the high out-
come. When born, the agent is endowed with a productivity parame-
ter 0, 0 {0, 0;,0< 06< 0 < 1, which is his private information. He
decides how much productive effort to exert: e e [0, 1 — 6]. This effort
is unobservable to third parties. For a given productivity level of the
agent, the probability that the technology will generate a high out-
come increased in the effort level exerted by the agent. In particular,
we will assume

0+e = Prix =1le, 6}, 1)
0+e = Pri{x =1le, 6}. (2)

These equations translate the intuitive idea that the marginal produc-
tivity of effort increases in the productivity 6.

Preferences of the risk-averse agent are described by the follow-
ing Von Neumann-Morgenstern utility function separable in income
and effort: U(w) — G(e). We assume that the utility of income, U(-), is
bounded from above and satisfies U'(-) > 0, U"(-) < 0. The
disutility of effort is assumed to have the following properties: G(0) =
0, G'(0) =0,G'() = 0, G"(*) > 0, and lim,, ;_5G(e) = +o0. These
properties also guarantee that the optimal effort level is always posi-
tive. The agent’s reservation utility is U" = U(w").

The supervisor has a monitoring role in the structure. She does
not contribute to the productive process, but just provides informa-
tion. She has the time and the willingness to collect information on
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the agent’s productivity and, if requested, can supply such informa-
tion to the principal. We model this by assuming that the supervi-
sor observes costlessly and perfectly the agent’s productivity and that
this is hard information—in the way Tirole (1986) defines this term.
In other words, we assume that the supervisor has to document every
report she makes to the principal on the agent’s productivity, and she
has no way to produce enough supporting documentation for a false
report.

Therefore any outside party—the principal in particular—can
verify the truth of the supervisor’s report.?

Preferences of the risk-averse supervisor are described by the
following Von Neumann-Morgenstern utility function V(s), strictly
concave in income: V'(+) > 0, V"(-) < 0. The supervisor has an outside
option with a reservation salary s”.

The principal is a risk-neutral individual: he observes both the
outcome of the productive process and the report of the supervisor
which are both verifiable to third parties.

3. THE TIMING AND SOLUTION CONCEPT

In this section we 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 while the other parties
share a common prior g = Pr{0 = 0}. 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 employees as a function of the
outcome and the supervisor’s report. 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 produc-
tivity of the agent, and 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
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. Renegotiation between the principal and

3. This is just one example of a supervisor’s task that is imperfectly correlated with
the agent’s task. Any other task with the same imperfect correlation will be compatible
with our analysis. Indeed, in Section 8 below we leave the supervisor’s task unspecified;
we just require the principal to hire a supervisor and specify her reservation salary.
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Collusion Renegotiation A chooses e;
between between output;
Contract S learns  Sand A S reports & P and S transfers

FIGURE 1. TIMING OF THE MODEL

the supervisor follows. Once again, for simplicity, we assume that the
principal has all the bargaining power and makes a take-it-or-leave-it
offer to the supervisor.*

Finally, the agent chooses effort, uncertainty is resolved, and the
three parties exchange transfers according to the latest contractual
agreements. The timing is summarized in Figure 1.

We look for a perfect Bayesian equilibrium of this game.

4. THE COLLUSION-FREE CONTRACT

We start by analyzing the benchmark case in which collusion is not a
feasible option (for some exogenous reason) for the parties involved
in the main contract C. This benchmark is of particular interest in our
analysis, since in Section 7 below we prove that even in the presence of
collusion and renegotiation the parties will be able to achieve the same
allocation of resources we identify in this collusion-free environment.

Since collusion is not an issue, the risk-neutral principal pays a
constant salary s* to the risk-averse supervisor, who accurately reports
the agent’s productivity. The principal receives perfect information on
the productivity of the agent and faces only the moral-hazard problem
of inducing the agent to exert some level of unobservable effort.

Let us consider the problem in the case where the productivity
of the agent is 0:°

Engx (6+te)(l—w) —(1—-6—-e)w, 3)
st. (0+e)U(w,) +(1—0—e)U(wy) = U™ +G(e), (4)
U(w,) — U(w,) = G'(e). ®)

Problem (3) is quite standard. Equation (4) is the agent’s individual
rationality constraint. It states that the agent must obtain at least his

4. It should be said that by assumption in our setting no other renegotiation between
the members of the organization may occur. Indeed, in our model, the agent and the
supervisor may want to renegotiate their collusive agreement after the supervisor-
principal renegotiation. Moreover, once the collusive agreement is renegotiated, also
the principal and the supervisor may want to renegotiate their contract, and so on for
a possibly infinite sequence of renegotiations. For the sake of simplicity and tractability
we choose to truncate their sequence at its first step.

5. We use w; to indicate wages offered to the agent of a general type 0, where the
subscript refers to the final outcome x.
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reservation utility. Equation (5) is the agent’s incentive compatibility
constraint, making him prefer to exert effort ¢ in equilibrium. The
solutions to problem (3) are such that, for a given ¢, condition (4) is
satisfied with equality, and condition (5) is satisfied. Condition (4),
namely the agent’s binding individual rationality constraint, is the
consequence of our assumption that the whole bargaining power in
the negotiation lies with the principal. These two conditions deter-
mine w, and w, as a function of ¢ such that

U(w,) =U" + G(e) — (0 +e)G'(e) (6)
and
U(w,)) =U*+G(e) + (1 — 0—e)G'(e). (7)

The optimal e can then be computed from the condition

1 1
1—w, +w,—(0+e)(1—0—e)G (e — =0.

1 0o~ ( )( )G ( )<U'(w1) U’(w0)> 0. (8
The three conditions (6), (7), and (8) show that a higher 6 corresponds
to a higher e and a lower w,. The fact that the optimal w; changes
with 6 makes the information regarding 6 valuable to the principal.
Hence for a low enough s* the principal wants to hire the supervisor
in the organization.

5. COLLUSION

Collusion in our model takes the form of an agreement between two
parties who exchange bribes with the sole purpose of redistributing
the risk between themselves.® We assume for the sake of simplicity
that this collusion takes a monetary form, and that bribes transfer
wealth between individuals.

We start by assuming that the collusion between the agent and
the supervisor is observable by the principal but not verifiable. This
means that the renegotiation transfers between the supervisor and
the principal cannot be made contingent on the collusion transfers
between the supervisor and the agent.” The case where collusion is
not observable to the principal is presented in Section 9 below.

6. This is the type of collusion considered in Holmstrém and Milgrom (1989), Varian
(1989), and Itoh (1993) and discussed in Section 1.2 above.

7. For this purpose we also need to rule out, by assumption, the possibility for the
renegotiating parties to write a contract contingent not on the collusion transfers but
rather on the agent’s and the supervisor’s reports of the size of such transfers. In other
words we rule out by assumption message-contingent contracts a la Maskin and Tirole
(1999).
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The type of collusion we consider requires the parties to exchange
bribes contingent on the final outcome of the random production tech-
nology. Furthermore, we assume that the agent has all the bargain-
ing power in the collusion game with the supervisor,® and that the
contract signed by the agent and the supervisor with the principal
specifies the wage and salary schedules w,,s;, i € {0, 1}, contingent
on the report of the supervisor.” Then at the collusion stage a type-9
agent computes the maximal expected utility he could reach when
he exchanges bribes with the supervisor, adjusts his effort level, and
leaves the supervisor with at least the same expected utility she would
enjoy in the absence of collusion.

The collusion contract that the agent offers the supervisor, there-
fore, solves the following program:

I{I;gx (G—i-e)ll(w1 —bl) +(1—9—6)U(w0—b0)—G(e) 9)
st. (0+e)V(3,(by, by) +by) + (1 —0—e)V(3,(by, by) +by,) 0
> (0+8)V(5,(0,0)) +(1—0—28)V(5,(0,0)),
U(w, — by) — U(w, —by) = G'(e), (11)
U(w,) — U(w,) = G'(é), (12)

where b;, i € {0, 1}, denote the bribes that the supervisor and agent
exchange, and §,(b,, b,) the equilibrium salary offers received and
accepted by the supervisor at the renegotiation stage.!” These offers
are contingent on b; because collusion is observable and renegotiation
occurs after collusion." Finally, ¢ denotes the effort level of the agent
if the collusion agreement is rejected by the supervisor.

8. Our results should generalize to different distributions of the bargaining power in
the negotiation of the collusion contract. The difference is that in the more general case
the original contract (which remains a take-it-or-leave-it offer) has to allow for the facts
that the supervisor will gain some surplus at the collusion stage and that the collusion
bribes being exchanged are now different.

9. The definition of the symbols used to indicate salaries for the supervisor is sym-
metric to the one of the symbols that indicates wages for the agent (see footnote 5).

10. Notice that there are w; and s; such that the first-order conditions of problem (9)
determine the optimum. In order to see this, note that the constraint (10) is binding at
the optimum, and that the constraints (10) and (11) determine b, and b, uniquely as
smooth functions of e, for all e € [0, 1—8]. Then problem (9) can be set up as a problem
of maximizing a smooth function of e for e € [0, 1 — 0]. The case of e =1 — 0 cannot be
the optimum, because G(1 — 0) = o and U(-) is bounded from above. The objective
function is increasing at e = 0 if w, — w, and s, — s, are sufficiently large. Then, there
must be an e € (0, 1 — 0) that satisfies the first-order conditions and is an optimum.

11. Given our assumption that the principal has all the bargaining power at the
renegotiation stage, we will be able to replace 5;(b;, by) in (10) by s;, the payments to
the supervisor in the original contract. Both sets of salaries yield the level of utility
V(s") to the supervisor.
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The solution to problem (9) determines whether the agent makes
a collusive offer to the supervisor, as well as how he adjusts his effort
level. Indeed, it is possible that collusion between the supervisor and
the agent induces the agent to exert a different effort level from the
one (naively) considered by the principal in the initial contractual
offer.

6. RENEGOTIATION

Renegotiation of the initial contract between the principal and the
supervisor follows the collusion game between the agent and the
supervisor. We assume, once again for simplicity, that the principal
has all the bargaining power in this renegotiation.!* Therefore the
principal’s offer to the supervisor solves the following minimization
problem:

min (0 +e¢)s; +(1—0—¢)s, (13)

isi}

st (0+e)V (5, +b) +(1—0—e)V(5, +by

14

> (0+e)V(s, +b) +(1—0—e)V(s, +by), (14)

where s;, i € {0, 1}, is the initial salary schedule offered to the supervi-

sor (contingent on her own report), while the side transfers to which

principal and supervisor agree at the renegotiation stage are given by

$; —s;, i € {0, 1}. On the other hand, b;, i € {0, 1}, are the bribes the

supervisor and the agent agreed upon at the collusion stage. The solu-

tion to this problem determines the $;(b;, b;) that we use in the state-

ment of problem (9). Notice that the first-order conditions of prob-
lem (13) imply that

$1(by, by) + by =54(by, by) + b, Vb, by. (15)

Condition (15) allows us to prove the following result.

LEMMA 1: Every renegotiation-proof optimal contract fully insures the
supervisor against the uncertainty on the final outcome of the production
process.

Proof. Given (15), every renegotiation-proof contract needs to specify
s, + b, =5, +b,. ]

12. Our results should generalize to situations with different distributions of the
bargaining power at the renegotiation stage. The difference is that in the more general
case the original contract offered by the principal takes account of the gain in surplus
by the supervisor at the renegotiation stage. The renegotiation contract will still fully
insure the supervisor at the reservation salary s".
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The message of Lemma 1 is very intuitive. A risk-neutral prin-
cipal will always fully insure a risk-averse supervisor when the prin-
cipal does not need to provide the supervisor with any incentive (the
role of the supervisor in the organization is completed: she does not
exert any effort or report any new information). Obviously, if the orig-
inal contract is collusion-proof (that is, b; = b, = 0), Lemma 1 implies
that the only renegotiation-proof contract between the principal and
the supervisor requires a constant remuneration for the supervisor
S1 = Sp.

7. EQUILIBRIUM CONTRACTS

In this section we characterize the optimal incentive scheme for our
model. In particular, we identify the optimal renegotiation, collusion,
and initial contracts. This will allow us to prove our main results.

First, we show that collusion-proof and renegotiation-proof con-
tracts for the agent and the supervisor are incompatible with any pos-
itive effort exerted by the agent (Proposition 1). We then show that,
in spite of the fact that at the renegotiation stage the principal pro-
vides the supervisor with full insurance, at the collusion stage the
agent and the supervisor optimally agree on leaving some risk in the
agent’s remuneration so as to provide the agent with the incentives
to exert a strictly positive effort (Proposition 2). We then proceed to
show that by adjusting the risk that the initial contract leaves in the
joint remuneration of both the agent and the supervisor, the principal
can align the agent’s incentives so as to restore second-best efficiency
(Proposition 3).

We proceed by solving our model backwards. In order to do
this we compute the optimal collusion contract given the continua-
tion equilibrium in the renegotiation stage, which we solved for in
Section 6 above. Given that the principal has all the bargaining power
at the renegotiation stage, we have that

(0+e)V(5,(by, by) +by) +(1—0—e)V(5,(by, by) +by)

(16)
=(0+e)V(s; +b) +(1—0—e)V(sy +by) Wby, b,
Equation (16) implies that we can rewrite problem (9), which
characterizes the optimal collusion contract between the agent and
the supervisor, by replacing the individual rationality constraint (10)
with the one that follows."?

13. Alternatively—and leading obviously to the same results—one can solve
problem (9) with the original constraint (10), keeping in mind the expression for 5,/ db;
fori,j =0, 1, as obtained from the binding constraint of problem (13).
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(0+e)V (s, +b) +(1—0—e)V(s,+by)
> (0+8)V(s) +(1—0—6)V(sy).

Notice that this new condition is exactly the one we would have in
the absence of any renegotiation.

We now proceed to compute the equilibrium bribes b; and b, for
given w,, wy, s;, and s,. For this purpose we first obtain from (11)

de _ U'(wy —by) oe  U'(w; —by)

ob, G'(ey ' 0b G'(e)
Then from the first-order conditions of problem (9) we get

V'(s; +by) _ V'(sy + by) + V(s; +by) —V(sy +by)

U(w,—b) Uwy—Dby) (1—60—e)(0+e)G'(e) (17)

Condition (17) represents an efficient way for two risk-averse individ-
uals to share risk. The modification to the classic coinsurance rule—
the second term on the right-hand side—is due to the moral-hazard
constraint.

The following lemma can be proved directly from condition (17).

LEMMA 2:  Every collusion-proof optimal contract needs to satisfy the fol-
lowing modified version of an optimal coinsurance rule:

V'(sy) _ V'(s) n V(s —V(sp)
Uw,) Uw,) (1—0-—e)0+e)G"(e)

(18)

Using Lemma 1 and Lemma 2, we can now prove our first result.

ProposITION 1: No equilibrium contract between the principal and the
supervisor can be at the same time collusion-proof and renegotiation-proof
and provide the agent with enough incentives to exert positive effort.

Proof. From Lemma 1, whenever the original contract is both
collusion-proof and renegotiation-proof, s; = s,. Substituting s; = s,
in (18), one obtains w; = w,, which is a wage schedule that yields
zero effort level. L]

Proposition 1 identifies the basic trade-off of our model. On the
one hand, the need of the principal to induce the agent to exert a
productive effort requires a risky wage schedule for the agent. On the
other hand, since the principal cannot commit not to renegotiate with
the supervisor, he will provide the supervisor with full insurance at
the renegotiation stage. The result is that the only way in which the
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principal can offer the agent a wage schedule that is collusion- and
renegotiation-proof is to offer a constant wage schedule that is clearly
incompatible with any positive effort choice.

The result is that it is not possible to achieve all three objec-
tives: a positive effort by the agent, a collusion-proof contract, and a
renegotiation-proof contract. Given that G'(0) = 0, the principal will
always choose to offer an incentive scheme where the agent exerts a
positive effort. In the next result of this section we establish which
of the two features of an optimal contract, renegotiation-proofness or
collusion-proofness, the principal has to give up.

Notice first that from (17), whenever the agent exerts effort in
equilibrium, the contract between the principal and the supervisor
will be renegotiated on the equilibrium path. Indeed, from Lemma 1
no renegotiation implies s, +b, = s,+b,, which in (17) implies w,—b, =
w, — by, that is, no positive effort.

What about collusion? It turns out that in this case the set of opti-
mal contracts includes a collusion-proof contract. To see this, assume
that an optimal contract, (wf, w, s, s3), involves some level of collu-
sion (b}, bY) satisfying (17). The level of effort exerted in this contract
is determined by U(w{ — b}) — U(w§ — b)) = G'(e). The payoff for
the agent is w{ — b if production occurs, and w§ — b} if production
does not occur. The payoff for the supervisor, on the other hand, is
s* =357 + b} = 3% + b, which yields her the same expected utility as
if she got s} + b} if production occurred and sf + bj if production did
not occur. Notice that this would be the supervisor’s payoffs in the
absence of any renegotiation stage in the game. Finally, the payoff for
the principal is 1—w{ —(s*—b9) if production occurs and —w§—(s*—bf)
if production does not occur. Notice also that if renegotiation is not a
feasible opportunity, then the payoff to the principal is, respectively,
1—wj{ —s] and —wf — s{.

Can we replicate this contract with a collusion-proof contract
that yields the same payoffs to all the participants, and the same effort
level in equilibrium7 Consider the contract (w!, wf, st, sb) such that
wb = wi —bi, wh = wh — b3, ¥ =57+ b, and s = s§ + bs. Then, the
agent and the supervisor do not collude on the equilibrium path, since
condition (18) is satisfied. Furthermore, the agent ends up exerting
the same effort level as in the contract that involves collusion, and the
payoffs to both the agent and supervisor remain exactly the same in
each event. Finally, the principal gets now 1 —w!—s* = 1—w{ +b} —s*
if production occurs, and —w} — s* = —wg + bt — s* if production
does not occur, which are exactly the principal’s payoffs when the
optimal contract involves collusion. We summarize these results in
the following proposition.
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PropPosSITION 2: If positive effort is exerted in equilibrium, every opti-
mal contact between the principal and the supervisor is renegotiated. Fur-
thermore, the set of optimal contracts between the principal and the agent
includes an optimal collusion-proof contract.

This proposition allows us to restrict attention to the collusion-
proof contract between the principal and the agent (whether or not
renegotiation is feasible).

We can now proceed to show that when the principal and the
supervisor have the opportunity to renegotiate, the principal is able
to achieve the same payoff as in the collusion-free environment (Sec. 4
above).

Consider a triple (w;, w,, e) that solves problem (3). When col-
lusion is not feasible, then the payoff to the principal is 1 — w; — s*
with probability 6 +e and —w, — s with probability 1 — 6 —e.

Assume now that collusion and renegotiation are both feasible.
Using the triple (w,, w,, ), construct a pair (s;, s,) satisfying (18) and

(0+e)V(s) +(1—0—e)V(sy) =V(s%).

Then, by Lemma 2, no collusion occurs in equilibrium. Notice that this
implies that s; # s,. Therefore, at the renegotiation stage the principal
renegotiates the payments to the supervisor from (s;, s,) to (s*,5%), so
as to provide her with full insurance. Then the payoff to the principal
is 1 — w; — s* with probability 6 + e and —w, — s* with probability
1 — 0 —e. This is exactly the same payoff the principal obtains in the
case in which collusion is not feasible.

Notice also, that renegotiation is essential for this result. Indeed,
without renegotiation the principal gets a payoff of 1 — w; — s; with
probability 6 + e and of —(w, +s,) with probability 1 — 6 —e. This is
worse than the payoff the principal gets when renegotiation is feasible:

(0+e)V(s) +(1—=0—e)V(sy) =V (s")< V((0+e)s, +(1—0—e)s).
In other words, given the concavity of V (),
s*< (0+e)s; +(1—0—e)s,.

In this way we have proved that when collusion is observable
to the principal, the feasibility of renegotiation makes the efficiency
losses of collusion disappear. We summarize this result in the follow-
ing proposition.
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ProrosiTIiON 3:  Collusion, when observable, is harmful to the principal.
However, when renegotiation follows collusion, the principal can obtain the
second-best payoff, as in the collusion-free environment.

Notice that the situation in which collusion is observable to the
principal is similar to a simple moral-hazard problem between a prin-
cipal and an agent in which the agent’s effort is observable and rene-
gotiation is feasible after effort is exerted and before the state of nature
is revealed (see Hermalin and Katz, 1990). Indeed, in both cases the
presence of renegotiation allows the principal to improve his payoff.
For example, in Hermalin and Katz (1990) the principal is able to
obtain a first-best payoff (as if there were no agency problem).

As we have proved above, collusion and renegotiation are not
necessarily harmful to the principal if he accounts for them in the
design of the optimal incentive scheme. In particular, as we clarify in
the example presented in Section 8 below, this is obtained by offer-
ing a riskier joint remuneration to the supervisor and the agent and
eliminating part of this risk at the renegotiation stage.

We conclude this section with two observations. First, Proposi-
tion 3 does not hold if the renegotiation is agreed upon before collu-
sion takes place. Indeed, in such a case the supervisor’s remuneration
after renegotiation is given and independent of the bribes chosen at the
collusion stage b, and b;:

05(by, by)

a—bl:O Vle{O,l}.

This implies that the supervisor will have a risky remuneration, and
therefore the principal would have liked to change the renegotiation
offer. We will come back to this point in Section 9, where collusion
is not observable to the principal and hence everything is as if the
renegotiation contract and the collusion contract were chosen simul-
taneously. In this case the only equilibria of the collusion and rene-
gotiation subgame compatible with any positive effort exerted by the
agent are mixed-strategy equilibria.

Secondly, collusion would become harmful to the principal had
we introduced a lower bound (say zero) on the wages offered. In
this case, if the supervisor has a sufficiently low risk aversion, the
wage schedules for both the agent and supervisor may have to be
so steep that the lower bound of w, and s, is binding. Then the col-
lusion between the agent and the supervisor reduces the principal’s
payoff. The costs to the principal of collusion are higher for lower risk
aversion of the supervisor and for higher risk aversion of the agent.
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8. AN EXAMPLE

In order to illustrate the three results presented in Proposition 1,
2, and 3 above, we develop in this section a specific example of
our model. The main feature of this example is that it is possible to
compute explicit formulae for the agent’s and the supervisor’s wage
schedules. This example is derived from Holmstrém and Milgrom
(1987) and Holmstrém and Milgrom (1989).

Assume that the agent’s technology is random and has as sup-
port the real line. More specifically, the outcome x of the agent’s effort
e is such that x = e + ¢, where ¢ is a random variable, normally
distributed with mean zero and standard deviation one. In addition,
assume that the agent’s preferences over income w and effort ¢ are
represented by the exponential function U(w,e) = —exp[—r(w —
e?/2)], where r is the coefficient of absolute risk aversion." Denote
the agent’s reservation wage as U* = U(w", 0). In this example we
abstract from 6 (the agent’s type, which is always revealed by the
supervisor) in order to simplify the analysis. Including 6 in the pro-
duction technology is however a simple extension of this example.

Similarly, the supervisor’s preferences over income s are repre-
sented by the function V(s) = —exp(—Rs), where R is the supervi-
sor’s coefficient of absolute risk aversion.

We restrict all contracts to be affine functions of the only verifi-
able variable in the model: the outcome x of the production technol-
ogy. In other words, we take the initial contract between the principal
and the agent to be w(x) = ax +d, and the one between the principal
and the supervisor to be s(x) = hx +m. Similarly, we take the collusion
contract between the agent and the supervisor to be b(x) = Bx +8, and
the renegotiation contract between the principal and the supervisor to
be s(x) = hx + it

We now proceed to solve our example backward, and we start
from the agent’s effort choice e. This is the outcome of the following
problem that the agent solves:

meax—Ex{exp[—r<ax+d—ﬂx—6—e—;)“. (19)

Problem (19) can be rewritten using the functional form and the dis-
tributional assumptions described above in the following way:

2
max ((a —Bye +(d—5) — g(a — B — %) (20)

From the first order conditions of problem (20) we obtain e =a — 8.

14. Notice that in this formulation the agent’s utility function is not separable in
income and effort, contrary to what is assumed in the previous sections. This difference
does not affect the three results we presented in Section 7 above.
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We now move to the renegotiation stage. The principal’s optimal
renegotiation offer solves the following problem:

max E[x(1—a—h)—1i—d] (21)

h, m

s.t.  —E{exp[—R(hx +1i + px + 8)]}

(22)
> —E {exp[—R(hx + m + Bx +5)]},

which can be transformed using our functional form and distribu-

tional assumptions in the equivalent problem.

max (1—h—a)e—ri—d (23)

h, m

st. (i +Ble +1it +6— S (i +p)
2

. ; (24)

=W+ﬂﬁ+m+5—EW+ﬂy

The solution to this problem yields 7 = —f, which confirms the fact
that the supervisor is fully insured at the renegotiation stage. We
also get

~ R
m=m+mm—m+m—§@+m3
We now move to the collusion stage. Given the assumption that

the agent has all the bargaining power, the equilibrium collusion con-
tract solves the following problem:

max —Ex{exp[—r<ax+d—ﬂx—6—€—22>:|} (25)
st. —E {exp[-R(hx + m + Bx + 8]} 26)
> —E {exp[—R(hx + m)]},
e=a—B, 27)
which can be transformed into the equivalent problem
max (o p)+d -5~ UL py 28)

st(h+mw—ﬂywn+5—§w+ﬂf=ha+m—§w. (29)
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From the first-order conditions of problem (28) we obtain the
formulae for the coefficients of the optimal schedule,

r 1+R
= a—
1+R+r 1+R +7r

B

and

2
+
5=ha—5h2+r@—h)2(r1{—2—21{).
2 2(1+r+R)

These formulae allow us to conclude that the slope B of the collusion
schedule is increasing in the agent’s risk aversion r and in the slope
a of his initial wage schedule. At the same time the slope of the col-
lusion schedule is decreasing in the supervisor’s risk aversion R and
in the slope h of the supervisor’s initial wage schedule.

Notice also that a particular choice of the slope of the supervisor
initial contract & may lead to no collusion. This choice is

r
1+R

a.

By substitution we also obtain the formula for the effort level as a
function of the initial contract:

1+R
e=———(a+h).
1+r+R

This is increasing in the risk aversion R of the supervisor and
in the slopes a and h of the initial wage schedules of the agent and
supervisor, and is decreasing in the agent’s risk aversion r.

We can now move to the optimal initial contracts among the

principal and both the supervisor and the agent. This is obtained as
the solution to the following problem:

I}jl&]:x Ex[x(l—a—fl)—d—ﬁi] (30)
¢2
s.t. —Ex{exp[—r<ax+d—ﬂx—6—?>“ 31)
> —exp(—rw"),
—Ex{exp[—R(flx—f-ﬂx—i-é—i-nﬁ)]}z —exp(—Rs*), (32)

where ¢, B, 8, h, and m were defined above as functions of 4, d, I,
and m.
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Using our functional form and distributional assumptions, this
problem is equivalent to

1+R 1+R
l-——— (a+h))————(@a+h
X d ( TR )>1+R 8T

(33)
2
B R { GO R S P
2(1+R +7)?
1+R) +n)
S Ul A O R A )
2(L+R +7) 2(L+R +7) (34)
r(1+R)’ )
x (rR—=2—-2R) — ————(a +h)* =w’,
2(1+R+7)
1+R R, .

From the first-order conditions of problem (33) and few algebra steps,
we obtain the following slope of the joint remuneration schedules of
the agent and the supervisor:

1+R+r
a+h= ——u——. (36)
1+R)(1+r)

Equation (36) clearly shows that the principal has a degree of freedom
in determining how much risk to introduce in the individual remuner-
ations of both the agent and the supervisor. This degree of freedom
is exactly what allows the principal to offer the agent a collusion-
proof contract, as we proved in Proposition 3 above. It also identifies
a whole continuum of contracts that achieve second-best efficiency (as
Proposition 3 shows). All of them, with the exception of the unique
collusion-proof one, will induce collusion in equilibrium.

Notice that the slope of the joint remuneration schedule of both
the agent and supervisor, a + h, is decreasing in the risk aversion
of either employee. In particular, it decreases in the risk aversion of
the supervisor, R, because with a greater risk aversion, the supervisor
is less willing to offer insurance to the agent. At the same time, it
decreases in the risk aversion of the agent, r, because with a greater
risk aversion, the principal chooses to offer less incentives to exert
effort: these incentives become more expensive. The equilibrium effort
level is then

1

1+7r 67)

e =




Renegotiation and Collusion in Organizations 475

The effort level in (37) is the same that the agent would exert in a
collusion-free environment. Hence, the principal does not incur any
loss in terms of the level of surplus produced in the presence of both
collusion and renegotiation.

Consider now the optimal collusion-proof contract. This contract
is characterized by no collusion, (8 = & = 0), of course, and by a flat
renegotiated wage schedule for the supervisor (h = 0 and m = s").
The slope of the initial contract is a = 1/(1 +r) for the agent and h =
r/[(1+R)(1+R)] for the supervisor. In other words, the extra degree of
freedom is used to guarantee the collusion-proof feature of the initial
contract. Finally, the intercepts of the remuneration schedules of the
initial contracts for the agent and the supervisor are

1—r . r(2+2R —rR)
d=w"— ——, m=s" — > 5
2(1+7) 20+R)"(1 +7)

The overall payoff to the principal under the optimal incentive scheme
is

1

L 38
20+n  © 0 (38)

We compare now the agent’s effort choice in (37) and the prin-
cipal’s payoff in (38) with the ones obtained in the case in which the
principal and the supervisor cannot renegotiate. In the latter case, the
slope of the joint remuneration schedule of the agent and supervisor

is:1®

1+r+R)(1+R)

i4h = , 39
a R+ (1 +R)(1+r+R+7rR) (39)
while the equilibrium effort level is
) (1 +R)’
== . (40)
R+ (1 +R)(1+r+R+rR)
The payoff to the principal is then
e
- —w" —s". 41
5 ~wW =S (41)

15. We denote by ¢, i, and @ the effort level and the slopes of the agent’s and
supervisor’s remuneration in the case in which no renegotiation between the principal
and the supervisor is allowed.
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We can see now that, for any positive R, the effort level and the
payoff to the principal in the absence of renegotiation, (40) and (41),
are strictly smaller than the effort level and payoff for the principal
when renegotiation is feasible, (37) and (38). These effort levels and
payoffs coincide only if the supervisor is risk-neutral (R = 0) or if the
supervisor is infinitely risk-averse (R = ).

Indeed, if the supervisor is risk-neutral, everything is as if the
principal has sold the firm to the supervisor; the supervisor would
then be the residual claimant of the agent’s effort choice and would
provide him with the right incentives to exert effort. If the supervisor
is infinitely risk-averse, then she does not accept any risky insurance
agreement offer at the collusion stage, and the problem is effectively
as if collusion were not an issue.

In our example, the difference in effort level and principal’s pay-
off in the two cases (renegotiation and no renegotiation) is largest
when R = 1.

9. NONOBSERVABLE COLLUSION

The previous sections assume that the collusion contract, even though
not verifiable, is observable to all members of the organization, prin-
cipal included. In this section we consider the case in which the col-
lusion contract is observable to the agent and the supervisor but not
to the principal.

Then, the renegotiation stage becomes a bargaining game under
asymmetric information: the supervisor knows the collusion contract
she accepted from the agent, while the principal does not know the
exact value of the promised bribes. We model this bargaining under
asymmetric information in the same way as in the previous sections.
We assume that the principal, the uniformed party, makes a take-it-or-
leave-it offer to the supervisor. We further assume that the principal is
restricted to make a unique renegotiation offer that consists of a pair
of remunerations contingent on the two realizations of the outcome
x. Notice that this implies that we do not allow the principal to offer
a menu of renegotiation contracts that screen the supervisor’s types
[as, for example, in Fudenberg and Tirole (1990)].* These types are
represented by the collusion agreements the supervisor might have
accepted at the collusion stage.

16. This is potentially a strong assumption in that, if the principal can separate the
various types of supervisor, we can be in a similar situation to the one we analyzed in
Section 7 above. We leave the analysis of this case for future research. However, in such
a case—because of the arguments presented in this section—we would also expect the
equilibrium to involve mixed strategies and both collusion and renegotiation to occur
on the equilibrium path with strictly positive probability.
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For the same reasons as in Fudenberg and Tirole (1990), in our
environment, if the agent is provided with any incentives to exert
effort, then the equilibrium of the collusion-and-renegotiation sub-
game also cannot be in pure strategies. The intuition for this result
is simple to describe. At the renegotiation stage, the principal pro-
vides the supervisor with full insurance. Since this renegotiation con-
tract is given when the collusion contract is agreed upon, the agent, if
restricted to pure strategies, will make an offer at the collusion stage to
the supervisor that transfers all the risks to the supervisor and through
her to the principal. In other words, agent and supervisor behave as if
they no longer internalized at the collusion stage the principal’s rene-
gotiation offer and, with it, the overall size of the surplus. Therefore
full insurance could be a pure-strategy equilibrium with no incentives
for the agent to exert any effort.

In more formal terms, assume, by way of contradiction, that
the equilibrium of the collusion-and-renegotiation subgame is in pure
strategies and that at the collusion stage the bribes being exchanged
are (b, by) such that w;, — b, > w, — b,, so that the agent has incen-
tives to exert effort. At the renegotiation stage the principal offers the
supervisor a remuneration schedule (5, y) such that §; +b; =35, + b,.
Given the timing and the information structure of the renegotiation
subgame, the pair (5}, 5;) does not depend on the bribes (b;, b,) agreed
upon at the collusion stage. This implies that the agent takes the offers
(81, 8y) as given at the collusion stage, and offers a pair of bribes
(by, by) satisfying, from the first-order conditions of Problem (9),

V(S +by)

ACRL)N (42)
U'(w, —by)  U'(w, —by)
Condition (42) and §, + b, = 5, + b, imply that w;, — b, = w, — b,, a
contradiction to the hypothesis w; — b; > w, — b,.
We summarize this result in the following proposition.

PROPOSITION 4: If collusion is not observable, there is no equilibrium in
pure strategies of the collusion-and-renegotiation subgame that provides any
positive incentives for effort.

A natural question to ask at this point is whether for any opti-
mal choice of the original contract between the principal and both the
supervisor and the agent the continuation equilibrium of the collusion-
and-renegotiation subgame is such that the agent is left with no incen-
tives to exert effort. We show below that this is not true. In par-
ticular there exist parameter values such that the optimal original
contract (w,, wy, s;,5y) yields a continuation equilibrium such that
the agent is left with enough incentives to exert effort. Of course,
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given Proposition 4, in this case the continuation equilibrium of the
collusion-and-renegotiation subgame is a mixed-strategy equilibrium.

Consider an initial contract with s; = s, and w, — w, sufficiently
large, and a very risk-averse supervisor. Assume, by way of contra-
diction, that for all parameter values there exists a pure-strategy equi-
librium pair of optimally chosen bribes (b,, by) such that the agent is
fully insured (w; — b; = w, — b,) and the agent does not exert any
effort. Because the equilibrium is in pure strategies, we also know
that the supervisor will be fully insured at the renegotiation stage
(§; + b, =5, + b, = z). Since at the renegotiation stage the principal is
assumed to have all the bargaining power, we necessarily have that
V(z) = 0V (s; + b)) +(1 —0)V(s, + by). Recall that we assumed that
the supervisor is very risk-averse. Then, because s, = s, and b, > b,
(because w, > w,), we conclude that z is close to s, + b,.

Consider now the collusion stage. The supervisor has to decide
whether to accept the offer (b;, b,). If the supervisor does not accept
the collusion offer, she can get either [0 + e(0, 0)]V(s;) + [1 — 6 —
e(0, 0)]V(s,) if she also does not accept the principal’s renegotiation
offer—where ¢(0, 0) represents the agent’s effort level if no bribes
are accepted—or [0 + (0, 0)]V(z — b)) +[1 — 0 —¢e(0,0)]V(z — by)
if she accepts the principal’s renegotiation offer. Because z is close
to s, + by, this last option yields the supervisor an expected utility
close to [0 +¢e(0, 0)]V(sy —w; +wy) +[1—0—e(0,0)]V(sy), which is
smaller than what she would obtain rejecting both the collusion and
renegotiation offers, V(s;) (recall that s; = s,). Now, since at the col-
lusion stage the agent is assumed to have all the bargaining power,
we must have that V(z) = [0 +¢(0, 0)]V(s;) +[1 — 0 —¢(0,0)]V(sy),
which means z =s, = s,. This implies that b, is close to zero.

In this case then the agent would rather offer (b,, b)) and get
U(w, — by) (because w, — b, = w, — b;) than make no offer and get
[6+e(0,0)]U(w,) +[1—60—e(0, 0)]U(wy) —G(e(0, 0)). But if b, is close
to zero we have [0+¢(0, 0)]JU (w,) +[1—0—e(0, 0)]JU(wy)—G(e(0, 0)) >
oU(w,) + (1 — U (wy) > U(w, — by), a contradiction.

We can now state this result in the following proposition.

ProprosITION 5: There exist parameter values of the model with nonobserv-
able collusion such that the principal can design an optimal initial contract
such that the continuation equilibrium of the collusion and renegotiation
subgame, if it exists, is a mixed-strategy equilibrium that leaves the agent
with incentives to exert effort.

The two propositions above tell us that there is no equilibrium
in pure strategies of the collusion-and-renegotiation subgame where
effort is exerted in equilibrium. Moreover, under certain conditions
the only equilibrium of the collusion-and-renegotiation subgame, if it
exists, is in mixed strategies and induces the agent to exert effort.
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In what follows we show that a mixed-strategy equilibrium of
the collusion-and-renegotiation subgame does exist. In this case both
collusion and renegotiation occur on the equilibrium path with strictly
positive probability.

In order to prove existence, we assume that the collusion offers
(by, by) are restricted to a (fine) grid B} x B} where the highest and
lowest elements in B} and By are finite (and with large absolute val-
ues).'” Similarly, we assume that the renegotiation offers (§;, 5,) are
also restricted to a (fine) grid é? x gg where the highest and lowest
elements in é? and éﬁ are finite (and with large absolute values).

Define then a strategy for the agent as a function p, : B} x B} «
[0, 1], where p ,(b;, by) represents the probability with which the agent
offers bribes (b, by). Then X, X} p,(by, by) = 1. Similarly, define
a strategy for the principal (at the renegotiation stage) as a func-
tion p, : é? X ég « [0, 1], where p,(51, 5,) represents the probabil-
ity with which the principal makes renegotiation offers (5, 5;). Then
X X pp(51, %) = 1. Finally, define a strategy for the supervisor as
a pair of functions pg. : B} x B « [0,1] and pg, : B} x B x é? x
ég x {1,0} « [0, 1], where p,.(b;, by) represents the probability with
which the supervisor accepts the bribes (b,, b,) at the collusion stage,
and pg,(by, by, 51, 5y, t) represents the probability with which a super-
visor accepts the renegotiation offer (), 5;) when she receives an offer
(by, by) at the collusion stage and her decision to accept the collusion
offer is denoted by the binary variable t (t = 1 represents acceptance
of the collusion offer, and ¢ = 0 represents rejection).

We can now construct the best-response correspondences by de-
fining the best response of each player: p3, p;, and (ps., ps,). These
best responses are constructed in the Appendix. The best responses
as in (A.1), (A.2), (A.3), (A.4), and (A.5) in the Appendix define a
correspondence in the Cartesian product of the simplex on B} x B}, of
the simplex on é\f x g\gl, and of [0, 1)V, where y = #(B} x Bj) +2#(B} x
By x S} x §j).1°

We have now all the elements to prove the following proposition.

PrOPOSITION 6: When collusion is not observable and collusion and rene-
gotiation offers can only be made from a grid, there exists a perfect Bayesian
equilibrium of the collusion-and-renegotiation subgame for any choice of the
initial contract.

17. The results in Dasgupta and Maskin (1986) cannot be applied directly here,
because in the continuous case, the strategy of the supervisor is infinite-dimensional.
18. As is customary, we denote by the symbol #A the cardinality of the set A.
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Proof. From Nash (1950) we know that the correspondence defined
by (A.1), (A.2), (A3), (A.4), and (A.5) satisfies the conditions of
Kakutani’s fixed-point theorem. Thus, this correspondence has a fixed
point. Every fixed point of this correspondence is a perfect Bayesian
equilibrium of the collusion-and-renegotiation subgame that follows
the principal’s choice of the original contract. ]

The last three propositions show that if collusion is not observ-
able, the supervisor is sufficiently risk-averse, and the cost of exerting
effort is not too high, then the principal designs an optimal incen-
tive scheme for the organization that induces a nondegenerate mixed-
strategy equilibrium of the collusion and renegotiation subgame. By
definition this implies that in this case collusion and renegotiation
occur in equilibrium with strictly positive probability.!” Notice that
renegotiation in this case of nonobservable collusion is also playing
a role similar to the one in the case of observable collusion: that of
reducing the inefficiency resulting from the supervisor having a risky
contract. However, because here the renegotiation offers cannot be a
function of the collusion side payments, the supervisor is not fully
insured with probability one.

10. CONCLUDING REMARKS

When the parties to an organization have the opportunity to collude
against the optimal incentive scheme that the principal imposes on
them, the organization’s surplus decreases. We have seen that if the
parties, following collusion, have the opportunity to renegotiate their
optimal incentive scheme, then they will internalize, at least in part,
the externality imposed by the collusive agreement, reducing these
inefficiencies considerably.

We have also seen that it is not possible to achieve this result
with a collusion-proof and renegotiation-proof optimal incentive
scheme. In other words, if collusion is observable to the principal, the
optimal incentive scheme may be collusion-proof but it will always
be renegotiated in equilibrium. This is because collusion is observable
but not verifiable and therefore the optimal incentive scheme cannot
be made contingent on the collusion contract the supervisor and the
agent will agree upon. Conversely, if collusion is not even observable
to the principal, then there exist conditions such that the only con-
tinuation equilibrium of the collusion-and-renegotiation subgame is
such that both collusion and renegotiation will occur in equilibrium

19. Notice that the results of Propositions 4 and 5 hold if the collusion and renego-
tiation offers are restricted to a grid and this grid is sufficiently fine.
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with positive probability. This is because the only equilibrium, of this
continuation game is a mixed-strategy equilibrium in which parties
randomize between offering and accepting both collusion and renego-
tiation. Therefore there exist realizations of the optimal strategies such
that both collusion and renegotiation are observed in equilibrium.

We interpret our analysis as saying that the occurrence of both
collusion and renegotiation should not be taken as evidence of the
inefficiency of an organization.

APPENDIX

This appendix presents the best-response correspondences for the
agent, principal, and supervisor in the case in which collusion is
nonobservable.

The best response of the agent, p7,, can be defined as

p, = argmax 2 ZVA (bl, bo)(P5c (bl, bo){[e + e(bl, bo)]ll(wl — bl)

pa by by

+[1—0—e(by, by) U (wy — by)G(e(by, by))}

(A1)
+[1 = psc(by, by)] + {16 + (0, 0)]U(w,)
+[1—0—e(0,0)]U(wy) — G(e(0, 0))}),

where e(b,, by) is defined by G'(e(by, by)) = U(w, — by) — U(w, —by).
The best response of the principal, p;, can be defined as

py = argminz z;ﬂp(§1, 50) 2 sz(bl/ bo) [psc(by, by)

pPp s1 So by by
x (ps,(by, by, 51, 5, {0+ e(by, )& + [1 — 6 —e(by, by) |3, ]
+[1 = ps,(by, by, 51, 5, D]{[0 +e(by, by ]s, (A.2)

+ [1 —0—e(by, bo)]SO}) + [1 — Psc(by, bO)](pSr(bl/ by, 51, 50, 0)
x {0+e(0,0)5, +[1—0—e(0,0)]5,} +(1—ps,(by, by, 51, 5, 0)
x [(0+e(0,0)]s; +[1—0—e(0,0)]s,})]-

Finally, the supervisor’s best response (p, ps,), for every by, by, §,
and $,, can be defined as

p;(bl, by, 51, So, 1) = argmax ps,(bl, by, 51, So, 1)

psr(by, by, 51,50, 1)

< {[0 +e(by, by) |V (5, +by) +[1—0—e(by, by)]V(5,) + by}
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+[1 - pSr (bl/ bO/ §1/ §0/ 1)]{[9 + E(bl, bO)]
V(sy +by) +[1—0—e(by, by)] (A3)
x V(sy + b))},
pe, (b, by, §1,8,0) = argmax pg,(by, by, 51, 8, 0)

psr(by, by, 51,89, 0)
x {[6+e(0,0)]V(5) +[1—60—e(0,0)]
x V(5)} +[1 = ps, (b, by, 1, 50, 0)] (A4)
x {[6+e(0,0)]V(s,)
+[1—=0—e(0,0]V(s)},
Pec(bi bo) = argmax pc(by, b) Z (Vs,(bl, by, 31,3, 1)
< {[6+e(by, bo)]V(sl +b) +[1—0—e(by, by)]
x V(Sy +bo)} +[1—ps, (b1, bo, 51, 50, 1)]
x {[0+e(by, by)]V(sy + b)) +[L—0—e(by, by)]
x V(s +by)}) +[1—ps,(bs, by)] (A5)

< B3 (1 0 b 5150, [0 +0, 0]V )

+ 1= 0—e0, 0]V ()] + [1—pi (by bo, 51, 50, 0)]

x {[0+e(0,0)]V(s,) + [1 = 0-e(0, 0]V (s0)})-
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