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Risk Averse Supervisors and the Efficiency of
Collusion

Antoine Faure-Grimaud, Jean-Jacques Laffont, and David Martimort

Abstract

This paper studies the efficiency of collusion between supervisors and supervisees.
Building on Tirole (1986)’s results that deterring collusion with infinitely risk averse su-
pervisors is impossible, while it is costless to do so under risk neutrality, we develop here
a theory of collusion based on a trade-off between the risk premia required by (less ex-
treme) risk attitudes and incentives. This allows us to link the efficiency of collusion to
the supervisor’s risk aversion and to various parameters characterizing the economic en-
vironment in which collusion may take place. We are then able to derive implications for
the design of organizations, like determining how the number of tasks/agents per super-
visor or the level of competition may impact on the cost of collusion, studying the impact
of vertical integration on those same costs, or characterizing the role of uncertainty on
side-contracting.
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1 Introduction

The objective of this paper is to study supervisory strucsuneorganizations and the
fundamental trade-oAs involved in the design of those sumest We envision supervision
as the task of collecting signals about otherwise hidden imé&ion on the employees'
activities. Central to our analysis is the necessity to detdlusion between supervisors
and supervisees and the need to provide incentives to theditiamos to behave in a
way which maximizes @ms' pro@s instead of their own obyest. There are two main
motivations for this paper.

The @rst stems from the importance of supervisory activitie®rganizations. For
instance, Chandler (1962) has forcefully argued that chamgesupervisory structures
constitute the bulk of organizational innovations over tast century. Organizations
devote large resources to supervision and do so, having in hiedhreat of collusion
between supervisors and supervisees. Given the importamnbesadsue for organizational
design, it is crucial to identify the set of parameters lkéb aAect the e+ ciency of
supervision. Answering this question requires an undeditegnof how the economic
environment of the @m aZects the ez ciency of collusiondieshe @m.

Our second motivation is to @l a gap in the collusion litena etween two of its
most quoted papers, namely Tirole (1986) and Tirole (1992). & bapers oAer a stylized
model of a @m where the owner (thereafter the principal) lodsrte a supervisor to collect
information about a productive agent. The supervisor carceal what he learns and can
engage in a collusive side-contract with the agent when doirfg\sws his own interests.
In Tirole (1986), it is assumed that exchanging bribes throigé side-contract does not
entail any dead-weight loss and only two extreme cases wihersupervisor is risk neutral
and in@nitely risk averse are considered. The results amdtically diAerent in those two
polar cases. Under risk neutrality, collusion is not a peablfor the organization. Under
in@nite risk aversion, supervisory information is uselesd &ollusion is most harmful to
the organization.

Alternatively, the methodology followed by Tirole (1992) is &ssume that the su-
pervisor and the agent are both risk-neutral although pretebly limited liability (an
assumption which can be restated as saying that they ardah@risk averse for negative
wealth levels). Some exogenous transaction costs of tramgjebribes are introduced to
model collusion inex ciencies. The magnitude of these cospears to crucially aAect
the performance of the organization. These transactionsccsn be thought of as a
short-cut for capturing unmodeled frictions in collusion JiKer instance, the diz culty
of transferring money between the colluding parties in theemce of any enforcement
technology. Although this approach has proved to be extremsijuliin studying how
collusion threats aAect economic outcomes, its major limatalies precisely in its in-
ability to relate the ezx ciency of collusion to the various p@aeters characterizing the
environment where the @m evolves. Comparative staticsceses in this framework
are only valid in so far as the modeler expects the ez ciencylidigion not to change
with exogenous perturbations of the model. The present pafers one possible way of
solving this diz culty.
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As suggested by Tirole (1986), we start from the idea that thaexicy of collusion can
be linked to the risk aversion of the supervisor. Surely, ag&rsion of @m's employees is
a reasonable empirical assumption, but beyond the two palsgscemphasized by Tirole,
little is known of its role in collusion and on the design oflagion-proof organizations.
By allowing for some @nite degree of risk aversion, we will cheterize how the frictions
of collusion are aAected by the economic environment.

Our analysis shows that the cost for the principal of @ghtintysmn increases contin-
uously with the supervisor's degree of risk aversion. Theqipal always prefers to avoid
collusion between the supervisor and the agent. Howeveuaing information revelation
by the supervisor requires giving him a reward when he repantmformative signal on
the agent and a punishment otherwise. To prevent collusion rigk averse supervisor
is now subject to some risk and inducing him to participatéhe grand-contract with
the principal before he learns anything about the agent rhesacostly. It can only be
obtained by giving him a risk premium Consequently, the principal is worse o/Ewith a
more risk averse supervisor as this trade-o/£between indueformation revelation and
participation is more acute.

More generally, the trade-o/AEbetween insurance and ingentwvill be more or less
costly in terms of e+ ciency depending on various parameteasacterizing the environ-
ment where collusion takes place. One dimension of the enmemt is the quality of
information sources available to the supervisor. Focusirgj @n the cost of preventing
collusion, we show that this cost is hump-shaped in the pi@tiof information. Increas-
ing the supervisor's information accuracy may subject theesusor to additional risk
and may increase this cost. However, we show that the bene@ci#asing control on
the agent always outweights this @st eAect. Therefore arease in the precision of
supervisory information always increases the principakfare.

Second, we also investigate how to design the portfolio of towimg tasks assigned
to a supervisor. An important question is to @nd out whethes ltetter to pool diAerent
monitoring activities under the control of the same supervisdher than having several
supervisors, one for each activity. With constant risk awersincentives to prevent
collusion on one task are designed independently of thentimes on other tasks. In
such a context, we derive an irrelevance result which canded @as a benchmark: if the
supervisor has constant absolute risk aversion, the pafisipro@ does not depend on
the number of tasks allocated to the supervisor.

Third, we discuss the interaction between the external coitipe pressure to which
a @m in the market place may be subject to and its interndlisioh problem. In a
simple model with linear demand, we show that the @m's dmdlm output is less
sensitive to competitive pressure as the supervisor is mskeawerse. Indeed, as the risk
premium needed to induce the latter's participation in@esaexpanding output becomes
more dix cult as if there were more competitors in the markeverfthing happens as
if the internal collusion problem exacerbates the competifpressure and forces each
competing @m to reduce its output plan more severely.

1There is here an analogy with the standard moral hazard probGstiusion can be viewed as a form
of \hidden gaming", and deterring it is akin to inducing the tighoice of action from the principal's
point of view.
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Fourth, we briey discuss how vertical integration aAects the incentivesdlude.
Vertical integration improves monitoring but it also facilies collusion. Vertical inte-
gration can only be pro@table to organizations having sugersiwith a su* ciently low
degree of risk aversion.

Finally, we study the impact of uncertainty in the @m's eamment on collusion
within the @m. We show that the timing of communication, ivehether the supervisor
reports before or after the realization of some uncertaicday, be used by the principal to
reduce the risk-premium he pays to ensure the supervisartscjpation. By asking for
reports before uncertainty is realized, the optimal cortiaagnade less sensitive to the
outside environment. Instead, the timing of communicatiaubld be irrelevant if there
were no collusion or if the collusion technology was @xed as irol€ (1992).

Few papers have proposed an analysis of the frictions of sidgacting beyond the
exogenous transaction costs modeled p la Tirole (1992)sd& bentributions can be clas-
sied into two main categories: @st, those introducingesam hoc frictions but making
them dependent on the environment; second, those giving steeper foundations to
these frictions. In the @rst class of models, Kofman and Lra@e (1996) analyze a sit-
uation where a supervisor can be corruptible or not dependimgis preferences. In a
political economy model of regulation, LaZ&ont and Tirole (39€hapter 11) show that
the optimal response to regulatory capture calls for a greathrction in the power of reg-
ulatory incentives as the transaction costs of side-conirrgdetween interest groups and
the regulator are lower. Implicitly, the frictions of sidentracting depend on the ability
of the group to organize itself and avoid the free-riding peat for collective intervention
in the political arena. Still in a regulatory framework, L@/ and Martimort (1999)
show that splitting information between two non-coopergtiegulators makes collusion
with the regulated @m harder. Collusion between a given leggu who is partially in-
formed and the @m is now harder than with a single fully infed regulator since there
is asymmetric information in side-contracting. In a modethwreciprocal supervision,
LaAont and Meleu (1997) argue that reciprocal favors areeedban asymmetric deals
and that a norm of reciprocity is easier to enforce than a normsgimmetric collusion
in an organizatiort. Lastly, Martimort and Verdier (2000) build a Schumpeteriaovgh
model showing that colluding agents are willing to divertawsces away from productive
activities in order to improve collusive technologies whemryhave better prospects of
remaining in a dominant @m. Frictions there depend on thiaihstock of resources
available.

Contributions providing foundations for the transactiorstsoof side-contracting are
even scarcer. Martimort (1997, 1999) and Martimort and Ver{2802) derive condi-
tions that make a collusive agreement self-enforceablee ddad-weight loss of collusion
depends on the respective discount rates of the principatb@égents and on the infor-
mation structuré. In Faure-Grimaud, La4ont and Martimort (2001), we focus on éicta
principal-supervisor-agent with soft information where ldté@n formation is subject to

2In particular, they show that asymmetric supervision mayptimal because it eliminates possible
reciprocal favors.

%In a somewhat diZerent vein, Felli (1997) shows how the self-eaédsility of a contract can be used
by the principal to better @ght collusion.
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frictions arising from the existence of asymmetric infortnoa between the supervisor and
the supervisee. The principal can actually play on thesegidns to limit the e+ ciency of
side-contracting and to improve the @m's proZtability. Haure-Grimaud, LaA®ont and
Martimort (2000), we study a model of delegation where thie@pal lets the supervisor
directly contract with the agent. In such a model, collusisrby de@nition no longer
an issue since there is no grand-contract ruling the whalamization but instead a se-
guence of vertical relationships. Nevertheless, the top pralaiesigns the contract of
the intermediate supervisor to make him internalize his objectives. The cost of doing
this depends again on the supervisor's risk aversion. Beyoodeling diZerencésthis
latter paper does not study the impact of information acouraar how the design of
organizations aZgect the frictions of collusiorin Faure-Grimaud, La46nt and Martimort
(1999), we apply the same framework than in the previous paperstudy a model of
delegated auditing where the probability of audit is chosetiogenously. We show there
that the equilibrium probability of audit goes down when #editor to whom that task
is delegated is more risk averse. Finally, Faure-Grimaud Kliartimort (2001) study a
situation where an intermediary between the principal dmelgroductive agent is always
needed to allow the principal to have access to the agentalBeche does not want to
bear any risk, this uninformed intermediary may solve theimie problem vis p vis the
agent in a way that the principal @nhds sub-optimal. This tesml some agency costs of
intermediation, unless the intermediary is risk neutral.

Section 2 presents our model. Section 3 derives the optimat@onin the case where
there is no collusion between the supervisor and the agentk &srsion plays no role
in this non-cooperative implementation. In Section 4, tpéimal collusion-proof grand-
contract is derived as well as some comparative statics. Tausan highlights the role
of the supervisor's risk aversion in the design of incentivi&sction 5 presents some com-
parative statics and links the e+ ciency of collusion to vasiparameters of the economic
environment. Section 6 derives some results about the desigrganizations under the
threat of collusion. Section 7 concludes. All proofs arehgaed in the Appendix.

2 The Model

2.1 Players and Information

We consider a two-tier model of a @m in which productive angpeswisory tasks are
split. A principal, for instance the @&rm's owner, contraaith a productive agent and a
supervisor. The separation between ownership, produ@imahsupervision is motivated
by physical constraints. The principal himself is unableproduce or supervise either
because the activities of the @rm are large in size or bectusge tasks require some
specidc skills.

4In Faure-Grimaud, La®nt and Martimort (2000), the supervisorfarination is soft, the optimal
centralized mechanism is not considered and the timing of cohitrg.is diAerent.

SOur main concern there was to identify two modelings of collusion to derive from this identiZca-
tion closed-form formula for the transaction costs of side-contnagti

http://www. bepresscom/bejte/contributionsivol 2/issl/an5
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The agent produces a quantifyof output at a constant marginal cqst pis a piece
of private information known only to the agent. It is draworft a discrete distribution
on £ =fpy; by (we denote qu= b ° P > 0) with respective probabilitiek and 1° |.

The supervisor receives a signalon the agent's marginal cost. This sigatan
take either of two possible values. We denotelby fag;ag the set of possible signals.
Conditionally on the fact that the agent is ex cient, ije5 [, the supervisor observes
a with probability < Otherwise, the supervisor obseras Hence, one can think @&
as a piece of revealing evidence on the fact that the agentypsesyf. Instead,® is a
non-revealing signal (but still conveying some information).

The signal is partially veridable in the sense of Green andob&f2986). Onlysa can
be manipulated by the agents who can pretend talhas instead been realized. The
signala cannot be manipulated at all. One can also thinkeas a hard information
signal which can be hidden (the agents can pretend that aewaaling signal has been
received when it is a revealing one). For instance, superyigmformation can be obtained
by disclosing documents on the agent's perform&ntéese pieces of information can be
easily hidden if they are revealing; it can be much harder areth émpossible to report
convincing evidence when there is nohe.

The joint probabilitiesp;; on the pairs |§; 8g) are de@ned respectively g8, = <
P2= [ (1° 9, par = 0,p22 = 1° | . The supervisor's signal is not observed by the principal,
otherwise a supervisor would not be needed. However, thisasiis also learned by the
agent. Nature reveals to the agent both his type and the sgpew/information; only
the latter is available to the supervisor while the printiplaserves none of the$e.

2.2 Preferences.

The supervisor is risk averse and has a CARA utility functivgh= v(s) = 1(1° € 's);
wheres is the wage he receives from the princip&lThe supervisor has no productive
role and is only used by the principal to bridge the inforroatil gap with the agent.

The agent is in@nitely risk averse below zero wealth and niskitral above. For

6See Bull and Watson (2000) for such a model of evidence disclosure.

’The case of supervisory signals which are soft information ialyred in Baliga (1999) and Faure-
Grimaud, LaAont and Martimort (2001). In this latter paper, wenshivat the possibility of complete
manipulation of this information makes it useless in the caseraltollusion between the supervisor and
the agent takes place under symmetric information. Insteadysioii under asymmetric information
restores some of the screening ability for the principal attlegsen the supervisor is risk averse.

8This nested information structure is standard in both theditere on collusion and the related
literature on delegation in hierarchies (see respectively €i(d986, 1992), McAfee and McMillan (1995)
and Faure-Grimaud, LaAont and Martimort (2000) among others).

9Holmstrom and Milgrom (1990) and Itoh (1993) develop models of collusion betviwo risk averse
agents in a pure moral hazard context. Prendergast and Topel (198ram model of favoritism in a
pure moral hazard context with agents and their supervisor gaalinCARA utility functions. Relaxing
the CARA assumption in our model could be done at the cost of sordecadomplexity without giving
many new insights.

10 = 0 corresponds to the limiting case where the supervisor isréskral,v(s) = s.
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positive payoAs, his utility function can thus be writtenldss t °© pg wheret is the
monetary transfer he receives from the principal. The ageotiuces as long as he gets
his reservation utility which is normalized to zeYb.

Production ofj units of output yields an increasing and concave revenue iomé&t(q)
to the principal RY® > 0 andR¥¢ Y 0). To ensure positive production levels and avoid
corner solutions, we assume that the Inada conditions aieZeal, i.e.RY0) = +1 and
RY+1 ) = 0 with R(0) = 0. The principal's pro@ writes as: T R(q) ° s° t:

2.3 Contracts

<Grand-Contracts: The organization is ruled by the prinidipaough agrand-contract

GC. From the Revelation Principf&, as long as the agent and the supervisor do not
collude, there is no loss of generality in restricting thengipal to o4&er truthful direct
revelation mechanisms of the kindC = ft(m,; mg); s(My; ms); g(m,; Ms)g. my, is the
agent's report to the principal. This report belongs t& . mg is the supervisor's
report to the principal which lies instead ih. To make notations simpler, we denote
thereafter;; (resp.sjkx andg;y) the agent's transfer (resp. the supervisor's transfer and
the agent's output) when the agent repogisag) and the supervisor reporeg instead,

for (i;j;k) in f1;2g3. When the agent's and the supervisor's reportsemwincide, we
denote byt;; (resp. s; and g;) this transfer (resp. the supervisor's transfer and the
agent's output). We also denote by = t;; ° lqg; the agent's ex post information rent
when his type ig; and both the supervisor and the agent reggrt

The information structure limits somewhat the possible malaipons of the agent's
and the supervisor's reports. Indeed, the agent necgssapibrts a typgy when he
reports also that the supervisor's signabkgs Otherwise, the reports would be incon-
sistent given the common knowledge information structukoreover, onlyag can be
manipulated and both the supervisor and the agent can tretergt thatsg has instead
been realized. Again, the reverse is impossible. We denotig lifie set of reports op
compatible withag. From the discussion above, we have thys fwgandi, = f; kg.

< Collusive Side-Contracts: Th&de-contract between the supervisor and the agent
consists of @rst, a secret side-transgepaid by the agent to the informed supervisor
when &= & and second, a coordination of the supervisor's and the agemdividual
reports My; M) in this state of nature to the principal. Given that the kremige ofeg
perfectly reveals the agent's type to the supervisor, doliusakes place under complete
information. For simplicity, the supervisor has all the gaining power at the side-
contracting stage and makes a take-it-or-leave-it oAeh¢éa@gent. The colluding partners

10ur results obtain for any utility function for the agent as long @&smaintain this assumption of
in@nite risk aversion below zero wealth. This assumption is enfod tractability as, in the absence of
collusion, it leads to a simple trade-o/between e+ ciency antenetraction. A similar but more complex
trade-oAwould also arise with a positive risk aversion and ex eoéracting as we model here (for pure
adverse selection models based on the trade-oA&between weehbi reveal and insurance see Sadani
(1990) and LaAont and Rochet (1999) in the case of a continuum of states).

12The Revelation Principle holds in the case of signals which aneigly veridable as in this paper
(see Green and LaZont (1986)).

http://www. bepresscom/bejte/contributionsivol 2/issl/an5
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are able to commit to this side-contract.

Finally, it is worth stressing that side-contracting suZgngriori from no exogenous
frictions. The collective gains from a joint manipulation efprorts can be fully exploited
by the collusive partners. One unit of bribe taken from therags thus fully pocketed
by the supervisor.

2.4 Timing

The timing for the game of contractual oAer cum coalition foriora is as follows:
< The principal oAers a grand-contract to both the superasar the agent.

< The supervisor and the agent both simultaneously acceptfuser¢his grand-contract
at the ex ante stage, i.e., being still uninformed on the agdgyge and the supervisory
signal. If either of them refuses, the game ends.

< The agent learns his productivity parameiemland the supervisor's signat The
supervisor learns onlge

< When & realizes, the supervisor makes a take-it-or-leave-it ot collusive side-

contract to the agent. Ifthe latter refuses, the grand-eantis played non-cooperatively.
If he accepts, the colluding partners commit to a joint mafapion of their reports to

the principal and to a bribe.

< Reports are made, production takes place and transfergwtible grand-contract and
(possibly) within the side-contract, are paid.

Note that the acceptance of the grand-contract by both thersigor and the agent
takes place before the learning of any information. Hencestipervisor's and the agent's
ex ante participation constraints must be satisded by thisdyntract. Because of our
assumption of in@nite risk aversion below zero wealth for therd, the latter's ex ante
participation constraint amounts to a set of ex post paraiggn constraints, one in each
state of naturé® With this timing, the principal has the maximal ability to corit by
designing the contours of the organization before any legrofmnformation. This seems
to be the most relevant assumption in the context of the thebtiie @rm.

3 Benchmarks

3.1 Costless Supervision

Let us @st consider the case where the principal directéeives the signageon the
agent's private information. This can be viewed as a stylizedighof a small @m in

13Had the agent been risk neutral, ex ante contracting would atfsvprincipal to extract all the
agent's rent. In such a model, the transfers given to the agennesertheless structured to leave no
incentives to lie and can destroy the scope for collusion withsingervisor.
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which the supervisory task can be performed by the prindirakelf. Alternatively, if we
stick to the interpretation of our model as a picture of a la@y® in which supervision
is needed, everything happens as if the supervisor woultless$y reveal truthfully his
information to the principal before the latter contractshwihe agent.

When the principal learna, he can infer for sure the value of the agent's type and
there is no longer any informational gap between him and thatage

When instead® has been observed, the principal is still uninformed on thentg
type. As it is standard in two-type adverse selection modaks following constraints are
of particular importancé?

< The incentive compatibility constraint of an e+ cient agewten the principal has
observedss:

Uz [Tuzz + € popy; (1)

<The ex ante participation constraint of the in@hitely riskemse agent can be decomposed
into two relevant ex post participation constraints:

Uz [10; (2)
when the principal has observed, and

u1 [10 (3)
when the principal has instead obseraed

Accordingly, the optimal contract solves:

X
[max - py(R(g;) ° ua; ° uij)
B9 i)

subject to (1)-(2) and (3).

Solving this problem yields theonditional optimum de@ned as:

RYqf) = RYef;) = i forj in f1;29 (4)
R = 1o+ s To ©

To reduce the cost of the incentive compatibility constraljtgnd make it less attractive
for an ex cient agent to mimic an inex cient one, the princieduces the output produced
by an inex cient agent. The e+ cient agent's output remainaldg its @st best value. A

positive rent is left to the e+ cient agent%, = ¢ udg,) only when the principal gets a non-
revealing supervisory signal. The participation consitai(2) and (3) are both binding.
Finally, as the supervisory information becomes less inftine, i.e., as< decreases to

zero, the output distortion characterized in (5) increases

14When the following constraints are binding, as it will be theecas the optimum of the principal's
problem, it is easy to show that the remaining incentive andipigation constraints are strictly satis@ed.

http://www. bepresscom/bejte/contributionsivol 2/issl/an5
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3.2 The Collusion-Free Outcome

Let us now envision the case where the agent and the superasaot collude. They
report their information non-cooperatively to the pringipyho is uninformed of the
realization ofee We then look for a truthful Bayesian-Nash equilibrium beéw the
agents.

< When (4;8) has been learned by the agent, the agent's incentive conijptdon-
straint is:

Uij Mtiogg ° MGgq; for all poin jjoandj®]j: (6)

< When & has been learned by the supervisor, the supervisor's iveenbmpatibility
constraint ist® X
piv(si) M pyv(sio) forall joIj: (7)
| |

Here, we can use the logic of Nash implementati®.he signakeis a piece of information

which is commonly known by the agent and the supervisor. Heasan be costlessly
extracted by the principal by settirgq = tijjq = ° g5 = °1 when the agent's and
supervisor's respective reports eadiZer, i.e., whenj 6 j° In this case, (6) can be
reduced to the only relevant incentive constraint (1). &inty, (7) is necessarily satisZed
since its right-hand sides fgr> j®are then in@nitely negative.

Finally, the supervisor's ex ante participation constravntes as:

pij v(sij) [10: (8)
(i5)

The candidate for the optimal contracting outcome with a nooperative behavior be-
tween the supervisor and the agent is thus the conditionaltymal outcome described
in Section 3.1. By always giving to the supervisor a zero wage= 0 for all (i;j), the
principal eliminates the risk borne by the supervisor andsges his ex ante participation
constraint (8).

If the principal can perfectly control and forbid communicert between the agent and
the supervisor, he can achieve the same outcome as with diurper\dsion. Importantly,
this result is independent of the supervisor's degree kfaiersion when the agents do
not collude.

In the analysis of this section, we did not insist on uniquetNasplementation. It is
however easy to ensure unigueness by oAering an arbitisanigll positive payo/Zto the
supervisor if he reports the revealing signal.

15We multiply this constraint b)'/- i Bij > 0 to express the constraint as a function of ex ante probabil-
ities rather than as a function of conditional probabilitieot®&that this incentive constraint is Bayesian
only whenae= a. Whena= &, the agent's type is perfectly known by the supervisor.

16See Maskin (1999).
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4 Collusive Behavior

The non-cooperative implementation of the collusion-freecome above is somewhat un-
realistic since it is not immune to a collective manipulatmf the agent's and supervisor's
reports onae Indeed, the supervisor can be bribed by fheagent whensg has been
observed so that they both claim thegt has instead realized. By doing so, the supervisor
and the agent can share the renfic, which goes to they agent when the principal
receives a non-revealing signal. Henceforth, we considerddse where the supervisor
and the agent collude against the principal through a bopdide-contract wheege= &
has been observed.

4.1 Collusion-Proofness Constraints

Following Tirole (1986) and LaAont and Tirole (1993, Chapt®y, the Collusion-Proofness
Principle applies in this environment. There is no loss ofegatity in restricting the prin-
cipal to oAer collusion-proof grand-contracts. For such mtr@act, the best side-contract
consists of no side-transfer and no collective manipufatibthe reports made by both the
supervisor and the agent whee= a. This last requirement means that the colluding
partners must maximize their collective surplus by repagtihatp, has realized wheeg
has been observed. To be collusion-proof, a grand-contrast thus satisfy the following
coalition incentive compatibility constraints:

S11+ Upg []S12+ Uz (9

and

S11+ Usr []S22+ Uz + € g (10)
The right-hand sides above correspond to what the coal@d@gonget by manipulating the
agent's and the supervisor's common reporgand claiming that insteagk has been
realized, and thap = | (equation (9)) or thatt= |, (equation (10)). In this last case,
the coalition manipulates the agent's report on his figp@&nd we get two possible values
for these right-hand sides.

Note that (1) will still be binding at the optimal collusiomrgof grand-contract because
there is no need to give some extra rent to an e+ cient agenh Whesupervisor reports
truthfully having observed no revealing signal. When tlastér constraint is binding,
the more stringent constraint between (9) and (10) is thaaialed for the highest of the
two wagess;, ands,,. The principal cannot distinguish between these two tresssince
the coalition can always pretend to be in the state of natutie the highest supervisory
wage. Hence, the principal loses muebxibility in the supervisor's wage and we must
necessarily have:

S12= S2=S (11)
wheres; is a constant wage received by the supervisor whenever mesta have observed
a non-revealing signas.

The relevant coalition incentive compatibility constrattus writes as:
Si1+ Ung []S2+ Uz + € popo: (12)
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Using this simplidcation in the expression of the supervsarages, we can also rewrite
the supervisor's ex ante participation constraint as:

[sv(si1) + (1° [9v(sy) [0 (13)

4.2 Characterizing the Optimal Collusion-Proof Contract

The principal maximizes the @m's expected pro@t subjedotdition incentive, individ-
ual incentive and participation constraints. The optimagl-contract thus solves thus
the following problem (denoted thereafter by)(:

X
max P (R(G;) ° kG ° sij ° W)

faij suij 11920 5.1
subject to constraints (1)-(2)-(3)-(12) and (13).

P roposition 1The optimal collusion-proof grand-contract entails:

< Constraints (1)-(2)-(3)-(12) and (13) are all binding. All other omitted constraints are
strictly satisZed.

< A decreasing schedule of outputs with no distortion for the most e+ cient agent

aia(r) = dip(r) = Cﬁ

and a downward distortion for the inex cient agent g5,(r) (c5,(r) < ¢f,) whichisimplicitly

de¢hed by: N |
: I N

RYGo(r) = e+ T Y T T (14)

< The supervisor's wages in the diAerent states of nature are respectively given by:
> ¥
% G UG + I 10 [s+ [ 0" > (15)
1 2 =] C ¥
5 = Fln 1° [<+ [ " He() < (16)

To better understand the distortion of the collusion-pramitcact, let us @st start by
describing what happens when the supervisor is risk neutea| r = 0. In this case,
we can have some supervisory wages such that the coaliti@ntive constraint (12)
and the supervisor's participation constraint (13) are bsatisded and the principal
implements the conditionally optimal outcome costlessliy do so, we @hd the wages
that make those two constraints binding. We observe tdfatis equal to a strictly
positive reward (2 | 9¢ uc,; while s§ is instead negative® (| <¢ pcg,).” From (14), we
1’Note in fact that the wages de@ned by (15) and (16) converge towheg® values as goes to zero.
However, in the limiting case = 0, other pairs of wages satisfy the coalition incentive compatybili
constraint and are such that the participation constraintnslibg. Another set of such wages can be

obtained by making the supervisor residual claimant for thedrighy's pro@t. A schem&q) = R(q)° T
whereT is a @xed-fee designed to extract all the supervisor's rentatsmdo the job.
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also obtain that if = 0 the optimal outputs are those obtained in the absence akoml:
o,(r = 0) = of,: Together, this means that collusion has no bite if the supervs risk
neutral. The intuition is simple. When the supervisor répdhat the agent is e+ cient,
the principal must increase the wage he pays him above hig Waagthe non-revealing
report. Indeed, this wage diZerential must exceed the mabtimbe ¢ucg, that the agent
is willing to pay. Imposing this risk on the supervisor is nmstly for the principal as
long as the supervisor is risk neutral. Therefore, there isneed to alter the output
levels compared to the collusion-free outcome. Notice hewethat the collusion threat
prevents the principal from giving the supervisor the samgena all states of nature.

The reader will have recognized an argument often made in pwralnhazard con-
texts. The choice of whether to hide or not a revealing sigiaal actually be viewed as
a binary moral hazard decision made by the supervisor. It Iskmewn from the moral
hazard literatur® as well as from the adverse selection literature with ex aotrgract-
ing'® that, under risk neutrality, the principal can achieve thene outcome as in the
case where the moral hazard variable could be directly emtéd upon by the principal.
To achieve this outcome, the principal can simply make theesupor residual claimant
for the @m's pro@ by selling him the @m for an ex ante Oxeel-f

With risk aversion, implementing group incentives becoroestly for the principal.
Risky monetary transfers with the same expected values aréhvess for the risk averse
supervisor than for the principal. A risk averse supervisocepts the wage lottery pro-
posed by the principal only if he receives a risk premium. Ntwe principal faces a real
trade-o/£between preventing collusion and giving insurdodge supervisor. The total
risk borne by the supervisor depends on the production plasesto deter collusion, the
supervisor's wage diAerential needs to exceed the collssaie which is worth qicg,.
The greater the outpu,, the more risky should the wage lottery faced by the supervis
be. As a result, allocative distortions now become valuabidti@ principal. Distorting
the output level downwards reduces the risk borne by thersigoe and also the conct
between coalition incentive compatibility and participaticonstraints.

It is also worth commenting on the form taken by the optimaluién-proof contract.
Everything happens as if the principal relies on a sequentiplementation of the second
best outcome which seems to be in line with some of the realdworactices observed
within the @m. First, the principal calls for a report e@made by the supervisor only.
Conditional on the fact that this report is non-revealing, thegpal then asks the agent
for a report on his typey. If the supervisor's report is instead revealing, the ppati
extracts all the agent's information rent since his type isvknto bepy for sure. A
process of sequential reports within the organization isstiveakly optimal in face of the
threat of collusior?®

18See Holmstrom (1979), Shavell (1979) and Grossman and Hart (1983) among.others

19See Salami (1990) and Las®nt and Rochet (1999).

200f course, in practice and as most results in mechanism designmechanism above requires strong
commitment from the principal. Once the collusive partners haoremitted themselves not to collude
after a collusion-proof contract has been accepted, the p@ahbips an incentive to renegotiate with the
supervisor and give him more insurance. This«dohbetween renegotiation and collusion is analyzed in
Felli and Villas-Boas (2000).
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5 Comparative Statics

This section discusses how the optimal response of the orgaomzetitanges with the main
parameters of the model.

5.1 The Role of Risk Aversion

We have emphasized that without risk aversion, the coakiliomcentive problem can be
trivially solved. We now fully characterize how risk avessiaZects the optimal production
plan, the wage schedule and the principal's welfare.

Proposition 2The impact of supervisor's risk aversion is the following:

< ¢5,(r) is a decreasing function of r with ¢5,(0) = of,. When r goes to in@hity, o5,(r)
converges towards ¢y, deéhed by:

RY®B,) = e+ 1f—j¢ it (17)

< When r goes to zero, the supervisor's wages S11, (resp. s,), convergeto (1° [ 9¢ udd,,
(resp. ° [ <t pof,). When r goesto inghity, the supervisor's wages s;1, (resp. s;), converge
to ¢ pap,, (resp. 0).

< The principal's welfare monotonically decreases with r.

The negative impact af on the ability to use a supervisor is clearP reventing collusion
requires making the supervisor's wage risky. The cost of demgs the risk premium
that must be given to the supervisor. This cost is increasing i

Further intuition can be gained in case of a small uncertaonycost parameters
and thus on collusive stakes (e.g. supposing thati€ small enough). Using Taylor
expansions, we @nd that:

S5 = ° T pc() + (17 190 <0 1) (18)

The @st term on the right-hand side of (18) represents thersigoe's negative wage
received in the case of risk neutrality when the agent is inegtcand the supervisor has
reported nothing to the principal. The second term on thibtrlgand side is actually
the risk premium that the principal must pay to the risk avetgeervisor to induce his
participation. AssS is paid with probability  [<ands$, is paid with probability] <23

?1see also Tirole (1986, Proposition 4) and the discussion in Faure-@dmlaaAdnt and Martimort
(2001).

22|t is worth stressing that the Taylor expansions below also ldién the agent's utility function is

not CARA. The value of to be used is then the degree of risk aversion at zero wealth.
23Sinceu$, = u$, = 0, (12) yields indeed:

S11= S5+ ¢ pogy(r):
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the overall extra agency cost due to risk aversion, i.e.,edygected extra wage paid to
the supervisor with respect to what he receives in the absaframlusion, then becomes:

s+ (10 J9s5= I 1° [90 ()™ (19)

The right-hand side of (19) is precisely the cost of deterrindgusmn. It is just equal

to the risk premium that must be added to the supervisor'satgdevage to make him
accept the risky lottery of wages necessary to induce colugi@ofness. We already
know from the literature on decision-making under unceraiiat, when the so-called
Arrow-Pratt approximation hold¥, the risk-premium increases as the square of the size
of the risk.

In our context, this property highlights the non-linearitiytbe cost of deterring col-
lusion (for small collusive stakes) whenevwer 0. The expected wage to be paid to the
supervisor increases and is convex in the collusive stgkep£ Intuitively, this means that
collusion is at the margin less costly as collusive stakes @axerl The resulting output

distortions can be de@Zned by:
RAa(r) = 1o+ 1f reuLe 9+ rl{,—jw [9¢ 1Papo(r): (20)

It follows from the previous observations that @rms preferhire less risk averse
supervisors and this preference is more pronounced whdaso@ stakes are higher.
Typically, this is the case when the uncertainty about the agesi measured by (§; is
larger.

5.2 The Accuracy of Supervisory Information

Taking risk aversion as given, we now investigate the impddétm@roving the precision

of the supervisory signal. This improvement can be obtaingdnbovations in moni-

toring technologies or simply by using external sources @rmation. In this respect,
the performances of @ms in related environments subjeatotoelated shocks provide
useful signals to improve control within the hierarchy. Mark&eractions thus provide
information which aAects the cost of inside collusion withlre @m.

To get an idea of the trade-oZinvolved when information ipriaved, it is useful to
use the Taylor expansion (19). Indeed, this formula holdsomdy for optimal outputs but
also for any other output,, as long as ¢tis small enough. For a @xed output, we observe
that improving the precision of the supervisory informati@enpriori has an ambiguous
impact on the cost of collusion. This cost is proportional he wvariance ogeand it has
an inverted U-shape because increasing continuagi€hyst makes the uncertainty borne
by the risk averse supervisor increase and then decrease @=adn > 1.25 On the
bene@ side, improving supervisory information helps thegpial to reduce the agent's
information rent.

24See Gollier (2001, p. 22)
25For <large enough and ff > % there is no trade-oZ&from the principal's point of view: an iase
in <also reduces the expected risk to which the supervisor isestitgind thus his expected wage.
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P roposition 3The impact of the accuracy of the supervisory information is the follow-

ing:

< When < increases towards 1 (perfectly informative signal), the inet cient agent's

output of,(r) increases towards the output o%‘ deghed as:

a\ — o
RYB) = e + WG’H 1 1° [ + e °hE

|
g et ug

(21)

< The principal's welfare is increasing in <

Notice that an increase in the information accuracy cannot bhe principal: he could
always induce the supervisor to report an informative sigmigh probability less than
one, resulting in an outcome equivalent to what is obtainelbwer accuracy levels.

Mathematically, the impact of the accuracy of informatiam the principal's welfare
can be best seen by looking at the impact of a changeoofthe constrained set and on
the principal's objective function (see Figure 1 below).

S11[]S2+ ¢ U2

s11("9)

s11(")

y isopro@ of the principal fof

¥
XXX)?!X

S
¥¥
¥

J"v(s1) + (1° [")Vv(s2) = O
"0y

["%(s11) + (1° ["9v(s) = O

Figure 1: Optimization in thesg;s;1) plan.
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First, note that an increase #leaves unchanged the coalition incentive compatibility
constraint. Note also that, far;; = Uy, = 0, this constraint de@nes a straight line which
cuts the north-west quadrant of th&;(s;1) space. At the same time, the set of wages
(s2;s11) that can be accepted by the risk averse supervisor lies abowavex curve which
turns clockwise around the origin a&sncreases. Therefore, an increase in the accuracy
of information results in a smaller constrained set. If thengpal's expected welfare
was kept the same, this would result in a higher expected coptresfenting collusion
with both s;; and s, being raised. The principal relies more on rewards and less on
punishments as the supervisory information becomes momsgreHowever, at the same
time, the principal's objective function changes wiland the increase in the expected
payment to the supervisor that results from the modi@Zcatiomefdonstrained set must
be compared with the extra saving made from giving less ddtreimformation rent to the
agent.

This comparison is rather straightforward. Intuitivelyetbxpected reduction of the
agent's information rent always exceeds the possible inereashe supervisor's wage
cost. Indeed, the supervisor, when he can prove that thet ages* cient, is paid less
than what the agent gets in the absence of supervision. Resrethhat, to satisfy the
coalition incentive compatibility constraint, the supeai must get a reward when he
reports an informative signal and a penalty otherwise and shah a risky lottery must
be accepted by the supervisor because he does not know th€ saggpe at the time
of joining the @m. The possibility of using a penalty to ircuinformation revelation
makes it cheaper for the principal to obtain information frome tsupervisor than from
the in@nitely risk averse agent who cannot be punished. Tlvaraage of the supervisor
as a source of information comes from his better risk bearinghaites.

This gain of using the supervisor is the driving force behihe Collusion-Proofness
Principle in this context. If using the supervisor is lessthoshan paying the agent
directly, it pays to use the former and give him a collusiongiiwage rather than relying
solely on the agent's report and giving the latter an infoiomatent.

Notice also that, as supervisory information becomes moeeige, the second-best
output converges towards the output obtained in a simplecjral-agent hierarchy with
ex ante contracting and an agent having the same utility fanas the supervisd®. In
fact, as the supervisor gets almost perfect informationhenagent, this coalition behaves
almost as a single agent having a degree of risk aversion whithe minimum between
that of the supervisor and that of the agent, ire.Had the principal directly contracted
with the agent, the second-best distortion would instealb@ined by replacing the
right-hand side of (21) by the usual virtual cqgt ﬁ—d: K which is greater. Again, this
points to the superiority of contracting with a superviseer if he shares all relevant
information with the agent.

Instead, in the neighborhood 8f 0, the supervisor becomes useless for the principal.
The three tier hierarchy reduces to a standard principahkfgair.

When collusion takes place under complete information, phiacipal always gains
from improving the technology of monitoring. Let us insteagppose that the supervisor

265ee Ladbnt and Martimort (2002, Section 2.11.2) for the derivation ahias result.

http://www. bepresscom/bejte/contributionsivol 2/issl/an5



Faure-Glimaud et al.: Risk Averse Supetvisors and the Efficiency of Collusion 17

only gets an imperfect signal on the agent's type and is alwagsire about the latter's
cost parameter. Collusion between the supervisor and thet agen takes place under
asymmetric information and some frictions in side-contirag arise from this. This is
the setting we have analyzed in Faure-Grimaud, LaZont andiMart (2001) where,
assuming that the supervisor's signal is soft informatwes show that the principal may
also play on the degree of asymmetric information betweenstipervisor and the agent
to increase those frictions and @ght collusion more easily.d®@so, he chooses a signal
with an interior precision.

We conclude this section with the remark that @rms preferngirsupervisors who
are better able to observe the agent's cost. This preferenmo@ris pronounced when
collusive stakes and the degree of risk aversion of thesersigoes are higher. This
suggests a substitutability between supervisory accuaaay risk aversion. A more risk
averse supervisor can be preferred to a less risk averse dnefiftmer has a more precise
signal. It also leads to the prediction that @ms evolving in arenrisky environment
are willing to pay more for accurate supervisory informatiban @ms evolving in stable
environments.

6 Collusion Costs and Organizational Design

In this section, we derive from the previous trade-o/AEbetwesunriance and incentives
some insights on the design of organizations. Admittedly this@ees more exploratory,

but our modest goal here is only to show that in a multi-agent exdntdesigning the

organization to ease collusion deterrence is a complemgntail to better provision of

individual incentives.

6.1 The Possible Irrelevance of Supervisory Structures

The design of supervisory structures for multi-agent @msastchoosing the span of
control for a given supervisor on supervised agents. We noe g simple example
in which the supervisory structure is actually irrelevant.his example thus oAers a
benchmark with respect to which one can assess how changes information structure
may create economies or diseconomies of scope in supervision.

Suppose that the @m is involved in producing two lines of pra@ which are techno-
logically unrelated. There exists no interaction betweengiogluct lines either in terms
of their demands or their costs. Each of the two diAerent tasgpnoduces a diAerent
product and the cost parameters of those agents are indeptyndlistributed. If one
supervisor is chosen for each line of product, the @m caniéwed as twice the replica
of the one-product-line @m that we have analyzed so far. his tase, supervisors get
signals on the product lines they respectively control wtach again independently dis-
tributed. The principal's revenue is the sum of the reveralgsiined on each product
separately.
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If a single supervisor is chosen to control both products, lleeceive a wages;; + Sy
with probability pjjpg when information on product line 1 isl;a@g and information
on product line 2 if |; &g.2” The supervisor's ex ante participation constraint in this
multi-task environment is thus:

X
Pij P V(Sij + sk) [10: (22)
((HH))

In this context, we consider the collusive side-contractsveen the common supervisor
and each productive agent that are only bilateral. Coaliifccentive constraints then
take the same form as previously and we obtain:

P roposition 4Having one supervisor per product line or only a singe supervisor for
both product lines yields the same pro@ to the principal.

Assuming CARA preferences is key for this irrelevance reswith a CARA utility func-
tion, adding independent risks has no eAect on the supeiwidegree of risk aversion
which remains constant. Indeed, when the supervisor idyresubject to a @st risky
wage lottery needed to prevent collusion with the agent pcodyugood 1, preventing
further collusion with the agent producing good 2 is no moreélgd$an if the supervisor
were not controlling the @rst activity at all. This would nanltger be true with utility
functions exhibiting wealth e4ect&.More generally, in this framework with risk aversion,
the general theory of organizing supervisory structures gvalosely look like and com-
plement the theory of organizing productive tasks which wasekbped by Holmstrom
and Milgrom (1990) in a pure moral hazard context.

6.2 Collusion and Competition

So far, we have modeled the @m as being insulated from anykehanteraction. An
obvious issue is to investigate how the cost of collusion eddab the competitive pressure
on the @m. A @st channel is the following: the performanoégompeting @ms in
the market place may provide secondary sources of informateothé principal by a
simple yardstick competition argument. Such sources of inédiom are substitutes to the
supervisory information from the principal's point of vielWdowever, market information
is cheaper because the principal does not need to rewardudex\gsor to get it.

Even when yardstick mechanisms cannot be used, maybe bealhiusermation ob-
tained from competitors is contained in the market price amd price is a nonveridable
variable, competition has an impact on the way collusion canfdught. Competition
a/Aects the size of the @m's output and thus the collusiveestdiat the supervisor can

27In full generality, the supervisor's wage should be writtersigg. With CARA utility functions, it
can be shown that there is no loss of generality in making thetagdassumption.

28T he risky wage lottery needed to prevent collusion on product linkeh has a certainty equivalent
which may shift the supervisor's degree of risk aversion and ta#le cost of preventing collusion on
product line 2.
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manipulate. On the other hand, @ghting collusion is part of¢bst borne by the @rm
and this aAects its ability to react to the competitive press

To see this interaction between competition and collusiomore detail, consider the
following simple model. Suppose that there argymmetric @ms in a market, competing

in quantity. The demand is supposed to be linB4Q) = A ° Q whereQ = : G: The
1

S=
number of competing @ms can be viewed as measuring the degree of competition on
this market.

The internal structure of all these @rms is the same as thentealoorganization
presented before. Moreover, the costs of all @ms are péyfeotrelated so that, even if
there aren @ms in the market place, there are only two states of natome: where all
@ms have a low cost, or where they all have a high édst.

To simplify the exposition, we concentrate on the case of allsameertainty on cost
(¢ n small enough). Adapting (20) to the situation, we get thag &quilibrium output
of a given @m when costs are high satis@es:
o - I o -[S o 2 C
a® (n+ 1)g,= e+ ﬁ(tu(l 9+ rﬁ(l [9¢ 1Pe5,
or o o I o
€, = a’ k° 7CM1l°y
2T 190+ (n+ 1)

From the above, we get that the elasticity of output with eespton is given by:

¥_on@32_ n <1
6@  rir(1° [9C i+ 1

The elasticity of the @m's output with respect naneasures the impact of an increase
in the competitive pressure on the @m's output. Of courseahadzrm is facing more
competitors in the market place, its own output decreasesdiute margin, it decreases
less as there are more competitors. We also observe that tétecila¥ also decreases
with r. The equilibrium output is thus less responsive to an ingea@a competition as

is large.

In fact, an increase im plays the same role as an increase in the number of compet-
ing @ms in determining the equilibrium output of a given @ With more competing
@rms, the marginal incentives to expand output decreasesibedhe residual demand
faced by a given @m diminishes. With less frictions in inta&roollusion, those marginal
incentives are also lower because the cost of collusion is atmhrgin higher for large
scale production. The degree of risk aversion of the suparvisus plays the same role
as an increase in competitive pressure. As a result, thesZnuilibrium output reacts
less to variations in this pressure mgécreases.

29T his assumption makes the analysis simpler without changingaswdts. The results also holds when
costs are independently distributed. Of course, to justifgttyardstick mechanisms are not used in this
environment with correlated information we need to assume ghgiven principal cannot communicate
with agents in other competing hierarchies or, as we argued abloae,the price which may contain the
relevant information for comparison is nonveriZable.
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P roposition 5An increasein the supervisor's risk aversion reduces the sensitivity of the
@rm's output to competitive pressure.

6.3 Collusion and Vertical Integration

Consider the owner of a buying unit (the principal), who cats for the provision of a
good with a selling unit (the agent). The principal can ussapervisor”, i.e., a member
of his own organization to get a signal about the external gggroductivity. We make
two assumptions:

Al: Collusion can only take place inside organizations.

This is an extreme assumption but several considerations @iivahe the view that
collusion between agents in diAerent @ms is much more dittdlan inside the same
@m. The transfer of bribes between agents in separate @amsée easier to detect than
inside the same @m. The role of the supervisor as key prowatieformation may also be
reduced in a market relationship as the information can nmwecfrom several unrelated
sources. Besides, knowing who to bribe can be more of a probAdswo, the provider of
information in a market environment may be better able t@ihiy risk by dealing with
several agents. Importantly, the enforceability of cothmsis likely to be easier within
the same organization. Again, our model is a static one wherasgume at the outset
that colluding parties can enforce their side-contractshe Tusual justiZcation, made
formal in Tirole (1992) or Martimort (1999), is to appeal to a eaped game argument.
But along these lines, colluding partners in separate @mesless likely to interact in
the future so that enforcing colluding agreement is probabtye dit cult when agents
belong to diAerent organizations. All the above argumerad les to assume that vertical
integration eases collusion.

A2: Vertical integration improves information accuracy.

This assumption is often made in the vertical integratioerfture. For instance,
Arrow (1975) has argued that one consequence of verticagiaten is to improve infor-
mationoows between the integrated units. This assumption can itiqudar be justi@ed
when repeated relationships between the supervisor ancégéet improve the latter's
monitoring.

These two features can easily be captured in our frameworkof2eby<’ the accuracy
of supervisory information under separation. Taking thkusmn cost in (20) to be zero,
the optimal output under separation satisZes:

¥

RAGGA(N) = o + 1f—j¢ TECIE (23)

Let us instead suppose that vertical integration takes pldseng again (20), we @nd
that for small ¢y, the optimal output under integration is given by:

<
RYGo(1) = 1o + 1%4 1o <)+ r'ﬁ(r J2)¢ 1dba(r): (24)
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This formula shows that, as becomes small enough, the added cost of collusion
within the integrated @m is lower than the extra bene@ fioatter information.

Proposition 6Vertical integration dominates separation when the supervisor is not too
risk averse.

The trade-o/Eis simple: integration facilitates collusiart potentially improves infor-
mation accuracy. Integration is best when the cost of ggttins additional information
is not too high, i.e. when collusion is not too dix cult to detd& his happens in organi-
zations with supervisors who are not too risk averse. Heandger our assumptions, we
would predict that @ms with relatively risk tolerant supieory structures, characterized
by the use of information sensitive incentive schemes, valtbe ones willing to take over
other @ms to vertically integrate.

6.4 Collusion and Uncertainty

The nonlinearity of the collusion costs also has consequencethé behavior of @ms
under uncertainty. We now investigate how uncertainty i@ ¢hvironment where the @&m
evolves interacts with the scope for collusion between agjefib model uncertainty in the
environment, let us suppose that the principal's revennevwssubject to a multiplicative
random shockd so that@R(qg) goes to the principal. To @& ideas, let us also suppose that
@ can take only two value@ and @with proo(@d= @) = A

Several interpretations can @& this modeling. For insta@ean capture someuc-
tuations in the pro@tability of the @m's demand: a I@mwould correspond to a bust, a
high @to a boom. One would then compare collusion in @ms subject lai af cycli-
cal variations with what happens in @ms in more stable coomist or, for instance, in
more mature industries where the state of demand is highddiptrable. In a regulatory
environment @ may capture some politicaductuations as diAerent parties in power (the
principals) may have diAerent preferences about how larg@tbduction of the regulated
@m should be.

Under uncertainty, the principal commits to a grand-coatrstipulating which pro-
duction should be made as a function of the supervisor andgéetes reports but also as
a function of the realized shog&that we assume to be veridable. Agents decide whether
or not to accept the contract before the realizatio®dofl hus, the timing is identical to
the one proposed in Section 2.4 for the @rst 4 steps. Ex antieanding will refer to the
case where reports are made at ste@ s realized at step 6. Ex post contracting refers
to the reversed sequence for the last two steps.

Importantly, the scope for collusion depends @nely on thertgmof communication
between the principal and his agents. If reports are madar&&fis known, agents are
forced to collude under uncertainty on the realizatiornZofln this case, the risk-averse
supervisor asks for a bribe which is the average collusive sta&ethe diAerent possible

realizations ofd i.e., Eg(¢ popo(9) = ¢ W(Afp2(D) + (1° AkA(D)).
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Using again our approximation (19) valid for smalpgthe participation constraint of
a supervisor engaged in such an ex ante collusion is:

Eoll 511(9) + (1° [95,(9) = %ff(l° [9(¢ pEo(@2(D)))*: (25)

Instead, if reports are made aft@is known, agents collude ex post. In this case, the
risk-averse supervisor asks for a bribe which is the collistake in the realized state of
nature. The supervisor's participation constraint become

Eoll 511(9) + (1° [95:(9) = %ff(l° [ 9Ea((¢ paa(9))?): (26)

Clearly, ensuring the participation of the risk averse suger under ex ante collusion
is less costly than with ex post collusion because of the ewity of the risk premium with
respect to collusive stakes. This intuition can be made fbasashown in the Appendix
and we have:

Proposition 7In an uncertain environment, the principal prefers to solicit reports of
the @m's employees before the realization of uncertainty. This results in outputs levels
which «uctuate more than one would obtain with communication taking place after the
resolution of uncertainty.

Forcing reports before the realization of the external shedides the principal to oAer
wages to the supervisor which are not contingent on that shbbks independence can
be seen as an informativeness principle for collusion: thalston demand is unrelated
to the supervisory information and thus, should not be pararofoptimal contract for
the supervisor. Indeed, oAering wages contingent on itszegadn would only subject
the supervisor to additional risk without improving the supsor's incentives to report
the truth. Thus, the principal is better oA&insuring the sujger against this risk.

The principal thus prefers strictly to induce communicathoefore the realization of
@ Of course, the choice of this timing is completely irreleivavhen collusion is not an
issue. In addition to output distortions and individualentive schemes, a new tool is
now used by the principal to curb coalitional behavior: timihg of communication.

The principal's preference for ex ante reporting also hadioajpons for the optimal
production plans. In the case of smalugwe can derive the optimal outputs for each
realization ofd under ex ante collusion:

RA%A(D) = 1o + 1TIJ~¢ W(1° <+ r<1° [9¢ UEH(%2(D)): (27)

The output distortions for diAerent values@fare linked together by the fact that the
relevant collusive stake depends now on #verage production level. This implies that
production plans in diAerent states of the world (i.e. defiervalues o) are linked. If
for instanced < @, (9 < Eg(®2(9) and the downward distortion needed in stéde
is amplided compared to what would happen with ex post dolfusThe organization
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implements incentive schemes which are more sensitive tokshealization. If one in-
terprets the sensitivity of output as a measure of the @waisbility to adapt to, or to
anticipate shocks, we see that the optimal degreeeribility is aAected by the threat of
collusion.

7 Conclusion

This paper has proposed an analysis of collusive situationsnwilnere is a trade-o/&
between insurance and incentives not to collude. Doing so hakled us to discuss the
frictions of collusive agreements and to link those fricdoto some parameters of the
external environment where the @m evolves. Our @nal sedtaanshown that this trade-
o/Ehas some implications for the design of organizations and sbieem were explored
here.

It should also be clear that the objective of linking trarigat costs of collusion
within the organization to the external environment of thhends a research program
with a larger scope than this simple paper. Any theory of ibics in side-contracting is
likely to oAer in one way or the other some relationships betwekat happens inside
the @m and in its external environment. Instead of being basethe trade-oAbetween
risk and incentives considered here, alternative theoffiehase frictions could build on
asymmetric information, repeated self-enforceable refeships, imperfect cultural trans-
missions, or non-monetary exchanges between colludinghpest But opening the black
box of the frictions of collusion seems key to making progressthe understanding of
this phenomenon and should give rise to interesting futuseaech.
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Appendix

Proof of Proposition 1:

< First note that (2) must be binding to reduce the cost of (1) rédeer, to reduce the
right-hand side of (12), (1) must be binding.

< Hence, we can rewrite (12) as:
S11+ Un1 [1S2+ € oo (28)
Taking @ st outputs as given, the principal's problem besome
M Xy, s050) SR(G) © MaGha® U11°® Suz) + [ (1° 9(R(th2) ® HaGi2® S2° ¢ Hepy)
+(1° [)(R(®2) ° 1ot2® S2)
subject to (3)-(28) and (13).
We denote by4 [1and 1 the respective multipliers of these constraints.

< Optimizing with respect ta;;; S;; ands; yields respectively:

°[<+ A+ = 0 (29)
° IS+ |_|+ T[f 3/0(311) = O, (30)
*(1°09° M+ m1° [9vsy) = O (31)
Summing (30) and (31) yields:
nZI e Su+ (1° [Qe o 1: (32)

Note @rst that, (32) implies that> 0 and thus (13) is binding. Using tha{d is CARA,
we obtain from (13) thaf <e" "t + (1° [9e ' = 1 and thusT= 1.

Multiplying (30) by 1° [<and (30) by (31) by <and subtracting the second from
the @rst equation, we @nd thafj= [ 1° [ 9(vYs,) ° v¥s11)).

Using (29) and (30) we gefE= [ s1;) > 0 and thus
Upq = 0 (33)

Hence, we need, < s;; to satisfy the coalition incentive constraint (28) app> O.
Finally, [1> O implies that (28) is binding and thus:

S11= S+ € Uopa! (34)

Inserting this latter condition into (13) yields (16). (34) idig (15).
< Optimizing with respect to outputs yields (14).
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Proof of Proposition 2: Immediate derivation of (14) yields:
0 1

o Tl [9etHRO o dd,
%R(D(Oéz(r)) (1° .[)_(10 js)er¢quz(r)+j;2 dr

J ¢ 1210 [ (r)etrel)
1° ) (1° [9ecmbm + <
(35)

(r) =

Hence%(r) <0
dr '

The limits of the supervisor's wages whemgoes to zero have already been derived in
the text. Wherr goes to in@nity, the limits are obtained directly from (16) aié).

The impact on the principal's welfare is computed from:
EW = JS(R(cf)) ° mucf;° s5) + 1 (1° (R(cF,) ° ef,° S5° ¢ pcfy)
+(1° NR(,) ° 1o, ° S5)
which is a function ofr.
Using the Envelop Theorem, we @nd:
@&w_, ' e @,
W 11 2
EW e [Py 10 [922
@ @ (1°1719 @ )

where%l; %CZ denote the partial derivatives of the wages w.r.tholding ¢§, constant.

We obtain that:

v e e
@GEW 1 - [ <t ucg,e’ e rs.
A N S

To study the sign of this last expression de@fr) asf (x) ¥ 1—{% +In(1° [<+
[ <" %) In fact, @(TW < O if and only if for anyx > 0, f (x) < 0: We immediately verify
that f (0) = 0 and thatf {x) = (f—fs"%ri—f;) < 0; so the result.

Proof of Proposition 3: The derivation of, is immediate from (21) withs going to
one. The principal's welfare is increasingdmas (making use of the Envelop Theorem):

@EWwW @5 | 1° @ r¢uag,
- =° —<=_ >
@ @ rl° [<s+ [0,

0

It is also immediate to observe thg@ﬂ is increasing inr or ¢ pck,:

Proof of Proposition 4: The proof follows similar lines toase of Proposition 1. We
use symmetry between product lines to simplify notationlewe

Note that the supervisor's ex ante participation constraiittes thus as:
(I 9%v(2s1)) + 2 L1° [Yv(sii+ s2) + (1° [9%v(2s) 10 (36)

since the supervisor may have observed either two reveailymgis, only one, or none.
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Maximizing the principal's expected pro@ with the stardtlagent's individual in-
centive (1) and participation (2) and (3) constraints, thdidoaal incentive constraint
(12) and the supervisor's participation constraint (36), @mst taking again outputs as
given, the principal's problem becomes:

M aXtuy;:s11:59() 92(2R(0h1) ° 241 ® 2U11° 2S11)

+2/25(1° Y(R(thy) + R(0G2) ° Ma(Cho+ Gur) ® S2° S11° € Hpo)
+(1(1° 9)*(2R(%2) ° 242 ° 257)
subject to (3)-(28) and (36).
Again, we denote byE [Jand 1 the respective multipliers of these constraints.

Optimizing with respect to the supervisor's wages and surgnihe corresponding
@rst order conditions, we get:

2, . ¥
m e tu s (10 [ =0 (37)
Using thatv(9 is CARA, we obtain also from (36) that
2. o ¥2
[ ™1+ (1° [e ™ "= 1 (38)
Thustr= 1. From the fact that (28) and (36) are binding, we obtaindame values for
S;1 ands, than in the case of Proposition 1.

Proof of Proposition 7:

A @rst possibility for the principal is to oAer contractseaftthe realization ofd (ex
post contracting) For eachd the principal then solves a program identical to the one
solved to obtain Proposition 1, except for the fact tiRqy) is replaced bydR(qg): The
principal's welfare is thus:

EW® P! = Eplf S@R(a1(D) ° Wha(D) + 1 (1° 9(BR(1(D) ° 1axa(D ° ¢ Upa(D)
+(1° f)(@R(szgé@V k(D) ° s2(D)] (39)

>
wheresy(@) = 2In 1° [<+ [<e "*H%@ ; and with the optimal outputs being equal to
their @rst best levels for a low cost agent and de@ned by:
d !

C —_ '[ o Seo |’¢HCI§2(®) .
ﬂ?O(OQZ(Q)) - I‘h+ ﬁ¢ u 1 10 J'S+ J‘sec r¢pq(2:2(g) 1

(40)

otherwise. Notice that ensurirg;(9) [] s:(9) + ¢ up2(D) to deter collusion results in
auctuations ofs;1(@) and s,(@) as the output levelsuctuate according to (40). The
supervisor is thus subject to an additional risk with ex pamttracting.

Otherwise the principal can force the agent and the sup@rvsreport their private
information before the realization @ The principal's program is similar to the previous

http://www. bepresscom/bejte/contributionsivol 2/issl/an5



Faure-Glimaud et al.: Risk Averse Supetvisors and the Efficiency of Collusion 27

one except for the fact that collusive stakes are diAerenthincase, collusion is deterred
if and only if:

Eg(s11(9) + U11(D) [1Ea(S22(D) + U22(D) + ¢ UEG(2(D)) :

With ex ante contracting, the supervisor's participationstraint becomes:

Eoll (s11(9) + (1° [9v(s2(D) M O:

It should be clear that;1(9) = uyx(9) = 0 at the optimum. Moreover, the supervisor's
participation constraint is less costly if he receives a canstvage independent @and
this does not change the coalition incentive constraint. Bebgs, andsy, these wages.

Suppose that the principal decided to implement the levélsubput de@ned in
(40) as part of the optimal ex ante contract (of course, thienog output levels ex
ante are not those de@ned in (40)). Then the principal welfaoeldvbe equal to the
same expression as in (39) except tI%BE(@ + (1° As,(®) would then be replaced by

st = 1in 1° [ <+ [<e 1O HAR2@* (" A%2(B) : The convexity offin(1° [ <+ [<e'™) in
x implies that A5,(@) + (1° As:(® > s5: Hence, ex ante contracting with the same
output levels gives to the principal a higher welfare thabhwex post contracting.

Then the principal optimizes also w.r.t. outputs and thaultes in the @rst best levels
for a low cost agent and in outputs satisfying:

R !
<’ ¢ up;

RAGAD) = o + ﬁq:” 1° 1s [<+ [ revd

whereqp, = Afpo(D) + (1° Ag2(P) for a high cost agent.
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