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Abstract

The aim of this paper is to study what is the best structure of a Board of Directors when
collusive aspects between the Board and the CEO are taken into account. We analyze how
shareholders should select the members of the Board in a framework with asymmetric infor-
mation and uncertainty about the optimal projects for the firm. In particular, we examine the
optimal degree of independence of the Board from a shareholders perspective. This allows us
to state when it is beneficial for shareholders to have an insider-oriented board or an outsider
oriented board with a majority of independent directors when collusion is a major threat.
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1 Introduction

Collusion between Boards of Directors’ members and the CEO may be a major problem for the
governance of firms. Indeed, most of the recent corporate scandals in the US or in Europe have
emphasized the importance of corporate governance in the management of firms. For instance, a
significant proportion of Board members of the Vinci Group in Europe or Worldcom and Home

Depot in the US proved to be ever loyal to their CEO. An example of such a behavior is highlighted
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in The Boston Globe (January 6, 2007): "Despite his failure to increase the value of Home Depot’s
stock, chief executive officer Robert Nardelli left the company this week with a $210 million farewell
package, the result of an agreement he negotiated with the board of directors in 2000. Across
America, a culture of collusion between board members and prospective CEOs inflates executive
pay and needs to be checked by greater shareholder involvement." Those "collusive" directors (some
of them referred to as the "Bernie’s Boys" for Worldcom) vote in favor of the CEQO’s propositions and
allow her to get among others things generous bonuses, severance packages and golden retirement

" one of the main issues was an explicit or

pensions. In many of those cases of "bad governance,'
implicit collusion between Directors of the Board and the CEO.

The aim of this paper is to study what is the best structure of a Board of Directors when
collusive aspects between the Board and the CEO are taken into account. The Sabarnes-Oxley
Act, the NYSE and the NASDAQ regulations in the US request that independent directors play a
more important role in boards of directors. In order to study the efficiency of such requirements,
we examine what should be the optimal degree of independence of a Board of directors from a
shareholders perspective. This allows us to state when it is beneficial for shareholders to have an
insider-oriented board or an outsider oriented board with a majority of independent directors when
collusion is a major threat.

In our setting, the CEO has to choose between two projects that differ by their level of risk.
The CEQ’s ability to undertake projects (High or Low) is unknown by the shareholders. The level
of risk of the projects and the CEQ’s ability are her private information. Selecting a too risky
project while it is not optimal for the firm yields a private benefit to the CEO. This private benefit
may represent her utility from deriving various advantages such as perks, or building empires. In
order to limit the CEQ’s discretion, shareholders have the opportunity to select the members of
the Board and thus to choose its degree of independence. The Board has both a supervising and a
consulting job. In our model, the role of the Board is thus to bring information about the type of
the project that has been advised by the CEO but also to monitor the CEO.

We also allow for the possibility of collusion between the board and the CEQO. Collusion takes
place through a bribe offered by the CEO to some Directors in order to induce them not to reveal
to shareholders that she has made a bad decision for the firm. Such a bribe may be a monetary
or a non monetary transfer (e.g. future salary increases, perks, insurance to stay in the Board,...).
Consequently, the collection of information from the CEO by shareholders may be more difficult
and more costly because collusion reduces the strengthness of monitoring by directors.

The composition of the board, and in particular his level of independence which is measured
by the proportion of independent directors in the board, influences the CEQO’s behavior. Indeed,
lower is this degree of independence, more the Board’s information about the type of the project

is precise, but also more the Board is prone to engage in collusion with the CEO, both due to his



relationships with the CEO and his executive role in the firm for instance.

This framework allows us to derive the optimal compensation contract of the CEO which consists
of a fixed and a variable part. More precisely, our results are the following. First, we consider as
a benchmark the case of no board of directors (or equivalently the case of no CEO’s monitoring
by the directors). In this setting, we show that the variable part of the CEQ’s wage is higher for
a high ability CEO than for a low ability CEO. Then, we allow shareholders to recruit a Board of
Directors in order to monitor the CEQ, assuming that collusion cannot emerge. An intesting result
is that the Board behaves as a perfectly honest Board. The contract takes the same form as the one
with no board i.e. no informational rent for a low ability CEO and a positive informational rent for
a high ability CEO. Those informational rents correspond to the surplus a CEO can extract from
the shareholders thanks to her informational advantage. However, informational rents are lower in
this case than when there is no monitoring from the Board. This implies that it it less costly for
shareholders to obtain information from the CEO when the Board monitors him. This enables us to
characterize a threshold wage such that if the Board’s wage is lower than this threshold, recruiting
a Board of Directors in order to monitor the CEQO is always beneficial for the shareholders.

Allowing for the possibility of collusion between the board and the CEO, we show that the
optimal contract is collusion proof: it is optimal for the shareholders to offer a contract preventing
collusion to emerge. The optimal contract is designed such that shareholders have to concede to
the CEO the same informational rents as in the presence of a perfectly honest board. However,
they also have to ensure that the coalition Board-CEO does not collude which is costly in terms
of informational rents. We also prove that there exists a degree of independence of the Board
above which it is not profitable for the coalition Board-CEO to engage in collusion. In this case,
shareholders do not have to care about preventing collusion when designing the optimal contract.
The Board will therefore behave as a perfectly honest Board.

To our knowledge, our paper is the first theoretical model to consider the possibility of explicit
collusion between the Board of Directors and the CEO. However, collusion has received a large
attention in the Mechanism Design literature. The seminal paper of Tirole (1986) studies a three-
tier organization with a principal, a supervisor and an agent in a moral hazard framework. In Tirole
(1986), the agent and the supervisor can collude. Tirole (1986) derives the optimal collusion-proof
contract. In our model and in another context with adverse selection, we also tackle this problem
and derive the optimal collusion-proof contract.! Faure-Grimaud, Laffont and Martimort (2003)
also study, in an adverse selection model, the optimal design of organization and the value of

delegation when the supervisor and the agent can collude against the principal.

'Our paper differs from Tirole (1986) as we introduce the possibility that the CEO (the agent) chooses between
different projects of investments and that the possibility of collusion is affected by the composition of the board.

Moreover, we study what would be the optimal supervisor (board of directors) in the context of corporate governance.



Finally, we also derive the optimal degree of independence of the Board. Contrary to the
usual idea that an optimal Board should be independent, we find that shareholders may prefer
to select a Board of Directors with a low degree of independence. Indeed, when designing the
optimal structure of the Board, shareholders face a trade-off between the information that they
may extract from the Board and the costs from both extracting it and avoiding collusion. We
then characterize conditions under which the optimal structure is a Board with a low degree of
independence. Those conditions are the following: the risk of both projects have to be close and
the degree of independence necessary to have a perfectly honest Board should be high enough.
However, when project 2 is too risky compared to project 1 or when the degree of independence
necessary to have a perfectly honest Board is low enough, we find that the optimal structure is a
Board with a high degree of independence. In this case, the shareholders should not care about
collusion because collusion is not profitable for such Boards. Indeed, when the level of relative
risks of the two projects is high, it is important to monitor the CEO and prevent him to choose
too a risky and non profitable project for the shareholders. In this case, shareholders should choose
a board with a high degree of independence. The problem is less acute when the risks of the two
projects are close.

There is a large literature in corporate governance about the composition of Boards of Directors
(Boone, Field, Karpoff and Raheja, 2007, Dahya and McConnell, 2007, Harris and Raviv, 2006,
Linck, Netter and Yang, 2008, Raheja, 2005), the relationship between the Board of Directors
and the CEO (Chhaochharia and Grinstein, 2009, or Hermalin and Weisbach, 2003) as well as
the monitoring role (Cornelli, Kominek and Ljungqvist, 2010, or Harris and Raviv, 2006) and the
advisory role of the boards of directors (Adams and Fereira, 2007). Nevertheless, the problem of
potential collusion between the CEO and the board has received little attention.?

The closest paper is Adams and Ferreira (2007). In their model, there is a continuum of projects
but the projects do not differ with their level of risks. The CEOQO is reluctant from transmitting
information to the Board of Directors because of the Board’s monitoring role. The composition of
the board of directors influences the behavior of the CEO as the more independent is the board of
directors the more the CEO is monitored and the less the CEO is inclined to share information with
the board. We share their result stating that it is not always optimal to choose an independent
board for shareholders. However, the force driving our result is different from theirs. In Adams and
Ferreira, when the Board’s independence level is low, there is a low probability for the CEO to lose
control. This makes revelation of information less costly for him and implies that choosing such a
Board may be optimal for the shareholders. In our article, shareholders choose a non independant

board even though they know that CEO’s monitoring will be weakened because of its greater ability

2For reviews of the Corporate Governance literature, see Bebchuk and Weisbach (2010), Adams, Hermalin and
Weisbach (2010), Hermalin and Weisbach (2003) or Tirole (2001).



to collect information which allows them to make a better investment decision. Moreover, in their
paper, they do not explicitly model collusion between the CEO and the board members.

Raheja (2006) studies the question of the optimal composition and the ideal size of Boards
of Directors. In the model, the optimal board structure is determined by the trade-off between
insiders’ incentives to reveal their private information and the outsiders’ costs to verify projects.
We also derive the optimal composition of the board taking into account the collusive behavior of
CEO and directors.

Another interesting question raised by this literature is the potential replacement of the CEO
by the board of directors. Hermalin and Weisbach (1998) analyze the role of independent directors
in boards and show that a bad CEQO is more likely to be replaced when the board is independent.
Independent directors are therefore a mean for controlling the performance of the firm and a threat
for bad CEOs. Hermalin (2007) studies the decision of hiring an internal vs an external CEO. Less
is known about the external CEO. The model he develops determines whether it is optimal to keep
an existing CEO or to replace him at a certain cost. While we do not address the question of the
replacement of the CEQO, monitoring of the CEO by the directors may entail a high fine for him
which may be interpreted as his dismissal.

The article is organized as follows. Section 2 describes the model. Section 3 analyzes the
benchmark case of no board of directors while section 4 introduces monitoring of the CEO by the
board. Section 5 studies the impact of collusion on our results. The optimal structure of the board

is discussed in section 6. Finally, section 7 offers conclusions.

2 The Model

2.1 The CEO and the Projects of the Company

A firm can undertake a project which yields an uncertain payoff. The firm is run for the shareholders
by a CEOQ, i.e. the CEO’s task is to select the project that will be undertaken by the firm.

The CEQ’s ability to succeed in the projects may be either low, 8 = 3, with probability ()
or high, 8 = 8 with probability (1 —~). As B corresponds to a low CEQ’s ability and B to a high
ability, we have 5 > 8.

We assume that the firm can undertake two kinds of projects that differ with their level of
risk. The implementation of those projects initially require a fixed investment I by the firm’s

shareholders. The characteristics of those projects are the following:

e Project 1 either succeeds, that is, yields verifiable income R > 0 or fails, that is, yields no

income. The probability of success is denoted by (q1). Moreover, this project may have a low



probability of success, that is, g1 =p3; with probability () or may have a high probability of
success q1 = pf; with probability (1 — v) where (5, € {B, 8 } is the CEQ’s ability to succeed

in the projects.

e In the same way, Project 2 either succeeds, that is, yields verifiable income R > 0 or fails,
that is, yields no income. The probability of success is denoted by (g2). Moreover, this project
may have a low probability of success, that is, g2 = (p — €)3; with probability (v) or may
have a high probability of success ¢2 = (p + €)3; with probability (1 — v) where 3, € {B,@}
is the CEQ’s ability to succeed in the projects.

The success and the failure of both projects are assumed to be perfectly correlated i.e. (v)
represents the probability that the economic context is bad for the type of projects considered by
the firm while (¢) represents the relative volatility of project two compared to project one.

As the Net Present Value of the riskiest project has to be at least higher than the NPV of the

other project, we should have:

(vp—e)B;+(1—v)(P+e)B;) R—1> (vpB;+ (1 —v)pB;) R—I.

This is equivalent to:

v <

N

The CEO perfectly knows both her ability’s type and the probability of success of the projects
while shareholders only know their prior probability distributions.

The CEO may therefore send signals to shareholders about her type and the project she advises

to select:
011 = (B8 =p,Project 1) =@ =p—candq =p
012 = (B = B,Project 2) =g =p+ecandq =p
021 = (8 =f,Project 1) = g2 = p—cand g =p
022 = (B = B,Project 2) = q=p+ecandq =p

The CEO’s compensation (paid by the firm’s shareholders) is composed by a fixed part «a; ; and
a variable part y, ;7 that depends on the profits from the project (7) where i € {1,2} corresponds to
the CEO’s signal about her ability (called hereafter the CEO’s type) and j € {1,2} corresponds to
the CEQ’s signal about the probability of success of the project (called hereafter the best project’s
type).

When Project 2 is selected while it has a low probability of success g2 = (p — ¢), the CEO
receives a private benefit B which represents his private compensation for choosing a project that
poorly performs. In this state of nature, the CEO should rationally choose Project 1 but this
private benefit may induce him to misbehave.

The CEQ’s reservation wage is w.



2.2 The Board of Directors

Shareholders also have the opportunity to hire a Board. The Board has both a supervising and
a consulting job, i.e. the Board may have information about the type of the project and can
communicate it to shareholders but may also monitor the information communicated by the CEO.

The structure of the Board is endogenous, in the sense that shareholders design it. Shareholders
can choose the degree of independence of the Board. Lower is this degree of independence, more
the Board’s information about the type of the project is precise, but also more the Board is prone
to engage in collusion with the CEO, both due to his relationships with the CEO and his executive
role in the firm for instance.

We model the degree of independence of the board by a variable 7 € [Tyin, +00], with Ty > 1,
that acts as a discount factor for the collusion’s rents. When his degree of independence, T,
increases, the amount of information hold by a Board decreases while his willingness to engage in
collusion decreases. 7 can also be interpreted as the degree of toughness and enforceability of the
laws against collusion. Tougher are those laws, more difficult it is for the coalition Board-CEO to
engage in collusion.

Let &(1) = % be the probability that a Board with a degree of independence 7 has gathered
the true information about the economic context for the type of projects considered by the firm.
When 7 increases, Board members are more independent and less prone to collusion. However,
as they have less information about the firm, their probability of knowing the truth is lower. We
also assume that the CEO incurs a fine F' when the Board reveals to the shareholders that she
has announced that the project has a high probability of success while it is a project with a low
probability of success, i.e. the case in which she gets the bonus B.

We are particularly interested in determining the value of the degree of independence 7 such
that the Board is Independent i.e. is completely honest and never accepts to engage in collusion
with the CEO (this however means that he has a less precise information about the type of the
project).

When collusion takes place, we assume that the CEO shares the collusive profits with the Board.

As it is usually the case in practice, the Board’s wage is the total amount of the directors’ fees

which is constant and equals to wy.

2.3 Multidimensional Screening Model

This model is a multidimensional screening model. Solving this kind of model is usually very
complex (see Rochet and Chone, 1998). However, the structure of the model allows us to reduce
this problem’s complexity. Indeed, as the CEQO’s program can be specified as a function of only one

parameter, 6; ;, we can rewrite the model as a usual four types unidimensional screening model. In



this case, 0; ; is defined in the following way:

011 =ps
bhp={p+e)B
021 =pB
f22= (D +¢e)B

Moreover, we assume that (Q — 5) B>{@+e) B, i.e. a high ability CEO undertaking a project

with a low probability of success is more likely to succeed than a low ability CEO undertaking a

project with a high probability of success. This assumption highlights the positive role of the CEO

in her management of projects.

Denote the firm’s profits 77 (6; ;) = 6; jR— I. The shareholders maximize their expected profits:

W =vy[(1=ppq) 7 (01,1) — axa] + (1= )y [(1 = pyg) 72 (612) — c12]

(1 =) [(1 - M2,1) ' (62,1) — 042,1] + (1 =v)(1-7) [(1 - M2,2) ? (f2,2) — 0‘2,2]

3 No Board

When they do not hire a Board of Directors, shareholders maximize their expected profits under

the usual Participation and Incentive constraints. PCj; is the Participation constraint of a CEO

with ability ¢ € {1,2} when the project is of type j € {1,2}. The Participation constraints ensure

that the CEO will earn at least her reservation wage w. IC;;_} is the Incentive constraint of a

CEO who reveals that her ability is k € {1,2} and the project is of type [ € {1,2} while her true

ability is ¢ and the true type of the best project is j. The Incentives constraints ensure that the

CEOQO earns a higher wage revealing the truth than lying to the shareholders. Through

this process,

shareholders induce the CEO to reveal her true type. Those constraints are stated here:

o+ Mi,jﬂj (0;) >w
agn + pgpm Orm) > ann + pgr [pSR — 1
anm + pgy [(P+e) BR—1] > arm +ppy [(P+¢) BR— 1]
o+ pgg [(P+¢)BR—1I) > arp + ppy [pPBR— 1]

agr+ pyr [pBR—1] > apn + pyy [(p—<) BR—1] + B

(PCij)

(ICyu—HL)

(ICuu—LH)

(ICHH-LL)

(ICHL—HH)



oL+ pgn [PBR—1) > arg + ppy [(p—¢) BR— 1] + B

oL+ pr [PBR—1] > ary + ppr [pBR — I

arLH + P [(fo—i—a)ﬁR—I} > agg + by [(TH‘E)@R—I}

apg + ppy [((P+e) BR—1] > app + pyy, [pBR — 1]

apg +ppg [((P+e) BR—1) > arr + pyy [PBR — 1]

apy+ppr [PBR—1] 2 ann + pyy [((p—¢) BR—I] + B

arr + ppr [PBR—1] > apr + pyr [pBR — I

ars +ppp [PBR— 1] > avm + pry [(p—¢) BR—1] + B

Moreover, the Spence Mirrlees condition has to be satisfied, that is:

BaH 2 HHL 2 BLH 2 PLL
By assumption, we know that the following condition is satisfied:

(p—e)B—(P+e)B>0

As usual in this kind of problem, the binding constraints are?:

arr + b MR—I] =w

arg +ppy [(P+e)BR—1I] = app+pyp PR — 1)
= aLL+/“LLL []L,BR—I] +MLLR§AP
= w—i—uLLR@Ap

3We check that all constraints are satisfied in the Appendix.

(ICHL—LH)

(ICHL-LL)

(ICLH—HH)

(ICLu—mHL)

(ICrLH—LL)

(ICLr—uH)

(ICLL—HL)

(ICLL—LH)

(PCLL>

(ICLu—LL)



oL+ U [BBR—I] = oarLHt ULy [(8—6) BR— I] + B (ICHLHLH)
= arg+pg [P+e)BR—1I] —ppgR[P+e)B—(p—<)B]+B

OHH + gy [(ﬁ+5)BR—I] = oagr+pyr [T?BR—I} (ICHH—HL)
= apr+ pup [pBR — 1| + py RBAp
= w+pr RBAp+ pupyR [pB—D8 — € (B+B8)] + puRBAp + B

Then we can characterize the optimal contract when there is no Board in the firm’s organization.

This is stated in the following Proposition:

Proposition 1 When they do not hire a Board of Directors, shareholders must concede the follow-

ing informational rents to a CEO

Ug = w
B (p — 5) Ap
U — + - = @ @
AL v B[Ap + 2¢]
B(p—e)p(AB)? . BAp
p oP) gy =P
U — 1 @ Bl ] ¥ = 55755

BAB(pte)
w + m ’LfE 2 Enb

Moreover, the shareholders’ expected profits are

o (1—7)B(E—E)AB —VBAPp+PAB | - <
Wyp = E(W) w B(Ap+2e) |: pB—DB BA;fE S End

E(?T)—w—(1—7)(ﬁ+€—UAp—2V€)m ’Lf&?zgnb

A low ability CEO does not receive any rent whatever the type of project she advises to select.
However, when her signal pushes shareholders to select the project with the highest volatility
(Project 2), she receives a variable wage while she only gets a fixed wage when shareholders are
induced to select Project 1.

A high ability CEO receives an informational rent which is higher when her signal induces
shareholders to select the project with the highest volatility (Project 2) than when shareholders

are induced to select Project 1. Moreover, the variable part of her wage is higher when project 2 is

10



finally selected than when it is Project 1. But, in all cases, the variable part of a high ability CEO
is higher that the one of a low ability CEO.

4 No Collusion

In this section, we assume that collusion is not possible between the Board of Directors and the
CEO*.When shareholders hire a Board, the CEO may incur a loss F when the Board has found that
she has announced that the Project has a high probability of success while it is a low probability
of success project, i.e. the case in which she has the bonus B. The Participation and Incentive

constraints are now:

v+ i > w (PCij)

agn + pgg (P+¢) BR—1I| > ayr + pyy, [pPR — 1] (ICuu—mL)
apgn + ppg (P+¢)BR—1I] > arg + ppy [((p+¢) BR— 1] (ICuHLH)
anm + ppy [((0+¢€)BR—1I] > arr + ppp, [PBR — 1 (ICyn-11)

agr + pgr [PBR—1] > (1= &(r) {ann + pyn [(p—€) BR—I] + B} +&(1) (w — F)
(ICHL—mH)

apr + pgr [PBR—1] > (1= &(7) {arn + pry [(p—€) BR—1I] + B} + (1) (w — F)

(ICuL—LH)

oL+ pgr [PBR—I) > arr + ppr [pBR — 1] (ICHL-LL)

ary +pry (P+e)BR—1I] > apny + pyp [((p+¢) BR— 1] (UCLu—nm)
oarg +ppg [(P+e)BR—1| > angr + pyy [PBR — 1] (ICru—nr)

4We examine the case of collusion in the next section.
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arg + g [(ﬁ+6)éR— I] > oL+ U [ﬁﬁR - I] (ICrr—rLL)

arr + pry [PBR 1] > (1 = &(7)) {aun + ppy [(p—¢) BR—I] + B} +&(1) (w — F)
(ICrr—mH)

arn+ ppr [pPBR— 1] > apr + pyr [pBR — 1] (ICLL—HL)

arLtpp [PBR 1] > (1= &(7)) {aru +pp [(p—¢) BR—1I) + B} +&(1) (w = F) (ICLL—LH)

We also assume that the CEO faces a limited liability constraint, i.e., even if the Board found
that the CEO has sent the wrong signal, she cannot get less than her reservation wage plus a
fixed amount, K representing for instance the minimal compensation written in the CEQO’s labor

contract. This gives:

=& {w+Bt+&(1)(w=-F) 2w+ K (LL)

£(7)
(1—¢(7))

< B> F+K

The binding constraints are:

arp + ppp [PBR—1I] = w (PCLL)
arg +ppy (P+e)BR—I] = app+pyp [PBR— I (ICrH-LL)
= app+ppp [PBR—1I) 4 pp RBAP
= w+pr RBAp
apr+pgn PBR—I] = (1 —&(0){ary +pry [(p—¢) BR—I] + B} +&(7) (w - F) (ICHL—LH)
R o S ST
(1 >>{ s | TR

= (=€) {w+prRBAp+ R [pB—pB —c(B+B)] + B} +&(1) (w—F)

apn+ puy [(P+e)BR—1] = apr+ pyp [pPR 1] (ICur—mL)
= apr+ pup [pBR — 1| + pyRBAp
= (1—&(r){w+ppRBAP + uppR [pB — BB —< (B + B)] + B}
(1) (w — F) + py  RBAp

12



The optimal contract when there is a Board of Directors and when collusion is not achievable

is characterized in the following Proposition:

Proposition 2 When they hire a Board of Directors and when collusion is not possible, sharehold-

ers must concede the following informational rents to a CEO

ULL:’U)

Urg = w
_E(n)

B oSy F]
Blp+e)—(p—¢)]
(p—2)B(AB)2[(1—E(r) B—E(T)F] o
U v BlAp+22][pB—p8) fesen=

= (po)a8[B- 20k

=l S .,
w + B[G+o)—(r—2)] ife > ep

Ugr = w—l—(l—{(T))(]z—&)Aﬁ

BAP—E(T)pAS
(1-&(7))AB+25-8

Moreover, the shareholders’ expected profits are

£(1)
BE(r) —w —wo — (1 —7)(1 = &(7))(p —E)Aﬁw v+(l-v) %Z ife < e
£(r)

Wip =
E(r) —w—wy— (1— )Aﬁw [V(l —&(m)p—e)+(1— V)(ﬁ—{—E)] ife > e

In this case, the optimal contract has the same form than without Board, i.e. no rent for a low
ability CEO and a positive rent for a high ability CEO which is higher when Project 2 is selected
following her advice. However, we can note that the informational rents extracted by a CEO when
there is a Board of Directors having no possibility to collude are lower than when there is no Board
whatever the CEO’s type.

We can therefore immediately conclude that if the Board’s wage is low enough, hiring an a
Board is always beneficial for the shareholders when collusion is not possible, i.e. Wi > Wy g for

all wo S @6

Corollary 3 There exists a Board’s wage wq such that for all wg < wq, hiring an a Board is always

beneficial for the shareholders when collusion is not possible

5 Collusive Board

We now examine a framework in which the CEO and the Board of Directors may collude when this

is profitable for them.

13



In the following inequalities, wy, is the income of a board that announces that the project has
a low probability of success, wg is the income of a board that announces that the project has a
high probability of success, wy is the income of a board that announces that it has no information
regarding the project probability of success, wg is the income of a board when collusion cannot
emerge as in the previous section.

The following constraints ensure that the CEO-Board coalition get more when telling the truth

than colluding.

Urg — U —
’V[ULLw+wL]+(1'7)[UHLw+wL]Z'7[LHw+w(D]+(17) [1{};10+w0]
Urg — U —
<:>U)LZ’Y|:LHTM—(ULL—1U)]+(1—’7) [w—(UHL—w)]—i-w@
U —w Unr —w
Y Urg —w+wg]+ (1 =) [Ugg —w+wy] > v | ——— F+wp| + (1 — ) — tw

ez [P (0= )|+ (=) [P g — )+

Since we have Urp, < Uryg < Upgp < Ugyg and T > Ty > 1, necessarily

Urg —w Unpg —w
gl [LHT — (UL - w)} +(1—7) [HH — (Unt - w)} <0
We then have 4 constraints to satisfy:

Urg —w Ugg —w
wy > [LHT - (ULL—w)] +(1—7) [HH—(UHL—w)] +uwp (1)

Urg —w Ugg —w
wi > [LHT — (ULt — w)] +(1=7) [HHT — (Unr — W)] +wy (2)
wr, > wy (3)
wg > wp (4)

In the following, we will examine when it is in the shareholders’ interest to avoid collusion
between the Board and the CEO. Indeed, avoiding collusion is costly because shareholders have to
pay higher wages to the Board in order to induce him to reveal the gathered information. If those

informational rents are too high, it may therefore be optimal for the Board to let collusion happen.

5.1 Collusion-Proof contract

We first analyze a situation in which shareholders want to ensure that collusion in the Board is

avoided. The only case they have to take into account is when the Board tells that there is a low
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probability of success (the Board is more likely to lie when the project is of a low probability of
success; there is no point in lying when it is of a high probability of success). We therefore always
have wy > wpg. Shareholders can try to use wy to pay the Board into revealing the truth: if
they set wy, high enough, collusion might be avoided. The shareholders’ expected profits have the

following form:

WCP = E(Tr) _'YVULL —’}/(1 —I/) ULH — (1 —"y)I/UHL — (1 —")/) (1 —V) UHH
—vE(r)wr — (1 = v)&(T)wn — (1 = &£(7)) wo

In that case, the constraint on wy is binding. Since they want to maximize their income,

shareholders set wy = wp = wo (because wy is the lowest wage of the board).

Urg —w Unppg —w
wn = o | (- )] 0= [P s - w)] +
Urg — U, 1-— Ugg —U 1-—
= [P T )| 1) [P T - )] g

WH = Wp= Wy

We can remark that there exists 7o such that wy > wg <= 7 < 7. This means that for 7 > 7,
engaging in collusion is not beneficial for the coalition Board-CEO and the optimal contract is the
same as with an Independent Board. Actually, when 7 > 7, the Board will not collude whatsoever
happens. Shareholders don’t need to induce the Board to say the truth because he will do it anyway.
So, we have in this case

Wy, = wWHg = Wy

We are now characterizing 7

wr, 2wy <= T[y(Urr—w)+ (1 —7)Unr—w)] <yUrp —w)+ (1 —7) (Unn —w)

1 pre - .
7_<UHH—ZU_ 1—£(To)ﬁlf€2€2b
“ Upr—w p%fgﬁ if € < e

And then, as {() = 1:

1+ % if e > ey
_PAB_
pB—Bp

T0O .
if e <eyp
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However, on the interval [T, 7o), since shareholders have paid enough to avoid collusion, the
CEQ’s rents are those of an Independent Board. For those degree of independence, since sharehold-

ers have paid enough to avoid collusion, the CEQ’s rents are those of an Independent Board:

ULL:’U)

Ug = w

[B - <1§(§()T>>F]

Blp+e)—(p-¢)]

(p—2)P(AB)*[(1=£(7)) B—E(T) F]
U BlAp+2€][p5—ps]
= (F+)A8[ B— 505 F]

(1-£(71))
R ()

Ugr, = w+(1—£(7)) (E—E)Aﬁ

w if e <egyp

if € > e
This is stated in the following Proposition.
Proposition 4 Assume that collusion between the Board of Directors and the CEQO is possible.

e In the optimal collusion proof contract, when they hire a Board of Directors, shareholders
must concede the same rents to a CEO as in the presence of an Independent Board. In this
case, the shareholders’ expected profits are

;

E(m) —w —wp )
e v(1—¢(7)) .
Wop — ~(1 =1 —=&M)p - E)A/BW f(l—v+ 5(7;) %Agf if e < i
T pB—PBp |
B0 _p v(1—&(r)2p—e) | .
B - - - aslglrl [ SR 9 s

e Moreover, there exists Tg such that for Boards of Directors with a degree of independence

T > Tg, it is not beneficial to engage in collusion.

The second part of this Proposition means that from some degree of independence for the Board,
it is so difficult for the coalition Board-CEO to engage in collusion that they prefer not to collude
without any sharholders’ intervention. For such Boards, the shareholders should therefore not care

about collusion.

5.2 Collusion Free contract

We now characterize the optimal collusion free contract. In this case, shareholders would have to

pay too much to avoid collusion. They therefore decide to let it happen because avoiding collusion

16



will be too costly for them in terms of informational rents paid to the Board. The shareholders’

expected profits have the following form:

Werp = E(r)—wUrp —~v(1—v)Urg — (1 =) vUgr — (1 =) (1 —v)Ugn
—v§(T)wr — (1 =v)&(r)wn — (1 = &(7)) wy

This is optimal to set wy, = wg. Inequalities (1) and (2) do not need to be satisfied. Subsequently,
we have:

W = WH = Wy = Wo

Since the Board is collusive, shareholders should not trust what it says for their own good.

Therefore, the CEQ’s rents are those of a No Board case.

U, = w
Ug = w
B (p — 5) AfS
Unr = A i
HL = W¥ 5(Ap o]
B(p—<)p(AB)* .
—_—= S <
U = 7 Bdprcps ] S
w + % ife > e

Proposition 5 Assume that collusion between the Board of Directors and the CEQO is possible. In
the optimal collusion free contract, when they hire a Board of Directors, shareholders must concede
the same rents to a CEO as without any Board.

In this case, the shareholders’ expected profits are

B B B _ B PAB BAB(p—e)
— E(r)—wy—w—(1—7)|v+(1 V>£3_é¢ B(Ap+22)
BAB

B(m) = wo —w = (1= ) [(P+¢) — v(Ap+ 20)] 5rB2s if & > ey

Z.féS S Enb

5.3 Optimal Contract with collusion

We will now use the specified form for the probability that a Board with a degree of independence
7 has gathered the true information about the economic context for the type of projects considered
by the firm, i.e. £(7) = 1.

In order to find the optimal contract in presence of collusion, Wopg, we have to compare Wep
and Wer and to find which one is the highest depending on 7. Indeed, the shareholders will choose
to design the contract (Collusion Proof or Collusion Free) in order to maximize their objective. As

gip < enp we only have three cases:
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1. e < ¢y
2.ep<e<emw
3. epp < €

The following Proposition characterizes the optimal contract when collusion is achievable.

Proposition 6 For all 7 € [Tmin, To], the optimal contract is the collusion proof contract for all e.

This allows us to state that the shareholders’s welfare, Wop that depends on 7 is, for all
T E [TminaTO] :

Wep(T) = max(Wep; Weorp) = Wep(T)

This is an important result as it means that when collusion is achievable and is profitable for the
coalition Board/CEQ, it is beneficial for the shareholders to offer a contract preventing collusion
to emerge. However, this is costly in terms of informational rents.

This result and those of the previous sections allow us to characterize what is the optimal

structure of the Board of Directors from the shareholders’ perspective.

6 Optimal Structure of the Board

We are now able to find what is the optimal Board’s degree of independence 7" maximizing the
piecewise continuous shareholders’s welfare Wep(7).

We have to take care about corner solutions as 7 € [1;7¢] .

In order to simplify the computations, we rewrite the intervals of discontinuity of Wep(7) in

order to build them with respect to 7. This gives

App
pBAP — ZPPAS (o5 78] .
B YN T B A v S 2 R
p= pp+pB —Dpb [5—7] =)
=~ ABp - (pte) pPBAP o
Hence, when 7 > 7 or [[pﬂpﬁ] (ps)} <0,<=¢ > NG+ [pB—8] g,
€ > gy forall 7
and when 7 < 79 and | 222 ENCAE) (SN SPGB
= [pB-pB] (e—e)| = = ABp+[pB—ph] ’

€ > gplorT <7, and

e < gpforT>7
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The shareholders thus have the following objective function®:

When e <gand 7 < 7

E(m) —w —wy
v(T)2(p —€)
+(1-v+ 5)P+e)

E(7) —w —wy
Wep(T) = [ y(7=1)

~1 - - )t

IF]

—(1- )Aﬁ[m,ﬁ iftr<7

When € > €, or 7 > 79

E(m) —w —wp
v(7H)(p—e)
+(1-v+ %)[P+e)
1 E(7) —w —wp

| —(1- >A5[Api+2f][ (ZhHp—e)+1-v)P+e)] if 7>

[B-75F]

—(1=v)AB IB(AP+725) if 7 <o

Recall that shareholders set the penalty F' as high as possible, i.e. such that [B — ﬁF } = K.

The following Proposition summarizes our results:

Proposition 7 When € < €, and 79 > T, it is optimal for the sharcholders to select a Board of
Directors with a low degree of independence, i.e. 7 =T and to offer contracts avoiding collusion
between the Board and the CEO.

In all other cases, it is optimal for the shareholders to select a Board of Directors with a high
degree of independence, i.e. T = T¢. In this case, the shareholders should not care about collusion

because collusion is not profitable for such Boards.

Contrary to the usual idea that the optimal Board should be independent, we find that share-
holders may prefer to select a Board of Directors with a low degree of independence. However, the
result is not due, as in Adams and Ferreira (2007), to the fact that the CEO is more prone to reveal
information to a "friendly" Board.

Here, there is a trade-off between the information that shareholders may extract from the

Board and the costs from both extracting it and avoiding collusion. Remind that the degree of

SAs T < 1o Ve
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independence of the Board, 7, can also be interpreted as the degree of toughness and enforceability
of the laws against collusion. Higher is 7, more difficult it is for the coalition Board-CEO to engage
in collusion, but less they have information about the projects.

In other words, the optimal structure is a Board with a low degree of independence when:

e the risk of both projects are close, i.e. the projects among which the firm has to choose have

similar level of risks, and

e the degree of independence necessary to have a perfectly honest Board is too high, i.e. the
loss of information about the projects that would be associated to the choice of a perfectly

honest Board would be too important.

The intuition for this result is the following. Shareholders should not care about hiring an
independent Board when it is too costly to do so and when potential collusion between the CEO
and the Board has not a big impact on the firm’s decision which is the case when the projects are
similar in terms of risk and the degree of independence necessary to have a perfectly honest Board is
too high. Indeed, collusion allows the CEO to undertake projects with a level of risk that is higher
than what would be optimal for shareholders. This means that closer are the risk of projects, lower
are the costs of collusion. As hiring an more independent board leads to extract less information
and as it would be too costly to choose a perfectly honest board (because 7¢ is high), choosing a
board with a low degree of independence is therefore optimal.

However, in all other cases, i.e. when project 2 is much more risky than project 1 or when
he degree of independence necessary to have a perfectly honest Board is low enough, it is optimal
for shareholders to choose a Board with a high degree of independence. The optimal structure is
therefore a perfectly hosnest Board and the shareholders should not care about collusion because

collusion is not profitable for such Boards.

7 Conclusion

In this paper we shed light on the effect of collusion between a board of directors and a CEO. To
the best of our knowledge this is the first paper to study formally collusion in this context.

In our paper, we have shown that when there is no board of directors (or equivalently the
case of no CEQ’s monitoring by the directors) the variable part of the wage is higher for a high
ability CEO than for a low ability CEO. When we assume that shareholders can recruit a Board of
Directors in order to monitor the CEO but that collusion cannot emerge, the Board behaves as a

perfectly honest Board. Allowing for the possibility of collusion between the board and the CEO,
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we show that the optimal contract is collusion proof: it is optimal for the shareholders to offer a
contract preventing collusion to emerge. We also prove that there exists a degree of independence
of the Board above which it is not profitable for the coalition Board-CEO to engage in collusion.
Finally, we also derive the optimal degree of independence of the Board. Contrary to the usual
idea that an optimal Board should be independent, we find that shareholders may prefer to select

a Board of Directors with a low degree of independence.

8 Appendix

Proof of Proposition 1. When they do not hire a Board of Directors, shareholders maximize
their expected profits under the usual Participation and Incentive constraints. PCj; is the Partic-
ipation constraint of a CEO with ability ¢ € {H, L} when the project is of type j € {H, L}. The
Participation constraints ensure that the CEO will earn at least her reservation wage w. IC;j_x
is the Incentive constraint of a CEO who reveals that her ability is & € {H, L} and the project is
of type | € {H, L} while her true ability is ¢ and the true type of the project is j. The Incentives
constraints ensure that the CEO earns a higher wage revealing the truth than lying to the share-
holders. Through this process, shareholders induce the CEO to reveal his real type. As usual in

this kind of problem, the binding constraints are :
arr + prr, MR—I] =w (PCLr)
arm + ppy [((B+¢) BR—1I] = w+ pu, RBAp
apr + pyr [PBR— 1) =w + pp RBAp + R [pB —pB —< (8 +5)] + B
apr + ppp (P+e)BR—I] =w+ pp RBAp+ ppyR [pB —pB — e (B8+B)] + nuRBAp + B

In order to minimize the CEQ’s informational rents, shareholders set p;;, pry and pg; as low as

possible while satisfying the other Incentive constraints. We now check what are the conditions due
to the other Incentive constraints (and will check later that Participation constraints are satisfied).

There is no constraint on py;, we can therefore set:

prr =0
arrL + U [@R—I] > oL+ L [(}3—6) BR — I} + B = (ICLL—rLH)
apg +pipy [((P+e)BR—1) —pyRB[(p+e)— (p—¢)] + B
B
@ WL 2 RETAp + 2]
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and then
B

Hra = R [Ap + 2¢]

o+ g [(P+e)BR—1I] > ary + ppp [PBR— 1] = w+ pp R [pB — pBb] (ICHH-LL)
& w+ pp RBAp + ppy R [pB—pB — e (B8+ B)] + uurRBAp+ B > w+ pp R [pB — pf]
& ppgR [pB—pB—¢<(B+B)] + puy RBAp+B >0

which is satisfied, as @B —pB—c¢ (é + B)] > 0.

oL+ pgrn [PBR—1I) > apr + ppp [pBR— 1) =w + pp RpAS (ICHyL—LL)
S w+pp RBAp + ppgR [pB—DPB —e (B+B)] + B > w+ pup, RpAB
S pgR[pB-p8—c(B+B8)]+B>0

As [BB‘?Q —€ (ﬁ—kﬁ)] >0, (ICHr—rr) is not binding.

arg +pupg [(P+e)BR—1) > apn + pyy [(P+e) BR—1| (ICLH-mH)
=apn +ppy (P+e)BR—1I| — pyyR (P +e) A
S w+ppRBAP > w+ pp RBAp + upg R [pB — 18 — < (B +5)]

+upRBAp+ B — g R(D+¢) AB
= > L J—
HaH Z R@[Ap+25] = HMKLH-

This is satisfied from the Spence Mirlees condition.

arg +ppg (P+¢e) BR—I] > agr + pgr [PBR— 1] = anr + ppr [pBR — 1] — pu R [pB — B
(ICrr—HL)
S w+pup RBAp > w+ pp RBAp+ puppR [pB—pB — ¢ (8+5)] — uur R [p8 — Bl + B
B [1'3 - 5] Ap — 4l
Ap + 2¢] [pB — pB] AL

< b 2 RB|

amgy + pgy [(P+¢€)BR—1I] > apm +ppy [(P+¢€) BR—1I] = w+ pp REAp + ppy R (D +¢) AB

(ICru—LH)
& w+ pp REAp + ppy R [pB =96 — e (B+ B)] + purRBAp + B > w + pp  RBAp + iy R (P +¢) AB
=N > BAB _ 2
HHL Z RAPB@ HEL
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arp + ppp [PBR —1I) > apr + pyp [PBR— 1] = anr + ppy, [pBR — I) — py RpAB

(ICrr—nr)
Sw>w+ppRBAp+ ppy R [pB —pB —e (B+8)] — wuLRpAS + B
B(p—e)
HH Rpﬁ [Ap + 2¢]
This is always verified as Rﬁ[gpw < pr g and due to the Spence Mirlees condition.
oL+ prr [ZLﬁR — I] > oL+ L [(Q - 5) BR — I] + B = (ICrLr—rLH)
arg +ppg [(P+e)BR—1I) —ppyRB[P+e)— (p—¢)] + B
Sw>w+ pu RBAp — ppg RB [Ap 4 2¢] + B
(ICL—rm) is thus not binding.
anr + ppp [PBR—1] > agng + pyy [(p—¢) BR—I] + B (ICHL—HH)
=w+pp RBAp + ppgR [pB —DB — e (B+B)] + nurRBAP — pyp RB[Ap + 2¢] + 2B
B @ - 5} Ap 1
< > = P+ — =
HHE = B8 [Ap + 2] [0B — PA| RB[Ap+2d HH
arp+ppp [PBR—1I] > apn + ppp [(p—¢) BR— 1]+ B = (ICLL—HH)

OHH +* hgH [(ﬁ+€)/3R—I] — puaR [(ﬁ+5)/3_ (B_E)J Bl +B
[p5—PB—<(8+B)]
HLH [(p5—p)-+e(6+5)]

- _ BAp 2
S Ugg 2 +HHL[@B_@)+5(§+[3)] HuH

* R[GF20) (5]

We therefore have:

prp, = 0
B B
Hra = R [Ap + 2¢]
Mg = max {MLH; N}IL; N%{L}

pgr > max {fgr s g b

#1 if e < L‘i
HL AB+EB-B
p2, ife> L‘f
HL AB+EZB-8

= Enb
We now have to show that py; =
= Enb

We only have six cases:
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Lo oppg < phyp S pdp = pyp = phyp ifeAB < ApB <e [Aﬁ + %B—@} . Indeed, we have :

L (p=9)d8 _ AB
Ap+2e = (Ap+2¢) (pB—1B) ~ ApB
{ pB—DB < (p—c) A8
< _ _
(p—<) ApB < (Ap + 2¢) (pB —BB)
eAB < App
ApB < (AB+BE-p)

1 2
Pra < BHL S BHL

For the following cases (2, 3 and 4), we use the same inequalities to obtain.
2. pyp < tipn < pp = par = sy if ApB < eAB

3. ppg < pip < bgp = b = by if e {A/B + %B—ﬁ} < ApB < 2eAp
4.y < ppg < g = pap = g if ApB > 2eAB

5. ,u%{ . < u}q 1, < ppg <= impossible. Indeed, we would eventually obtain

AR > Apﬁzer(AﬁJrBZ —ﬁ)

which is not possible because the last term is strictly superior to the first one.
6. ulqu < N%{L < pr g <= impossible

We therefore have the result of the lemma.

And then :
Upp =arp+ppp [pPBR—I] =w
ULH:OéLH—l-/LLH[(T?-I-a)ﬁR—I]:w—l—,uLLRﬁAp:w
= B[pB—pB—c(B+5)]
Unp = R-1] - ps—ps—c(8 5
HL = apr + g [pB |=w+ BT 2] +
B(p—e)Aﬁ
T B Ap 2]
BAp
Moreover, when £ < W%Bfé =cnb

B(Q—s) Ap B@—e] ABBAp
BlAp+2]  B[Ap+ 2] [pB — pp]

B(p—¢)p(AB)?
BAp + 2¢] [pB — pB]

Unn =anp + pgy [(P+e) BR—1] =w+

~— Ugg=w-+
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BAp

Moreover, when € > —=5——
’ — AB+6-p

=Enb

B(p—¢)AB  BAB
B[Ap + 2¢] B
BAB(p+e)

BAp + 2¢]

Unn = apm + pypg [(P+¢e) BR—1) = w+
<~— Ugyg=w+

To sum up, here are the CEQO’ informational rents when there is No Board:

U, = w
Ug = w

B (p — e) Ap
U = _

HL w + ﬁ [Ap +22]
B(p—<)B(AB)* .
—= s <
Uy = w Q[Ap+26]@ﬁ—ﬁﬁ] ife<em
w + %?ﬁfﬁ;ﬁ ife > e

We can verify now that we have
Urr <Urp <Upr <Upn

When ¢ < g, we need to see if % > 1, which is true since EB—@@ = pAB—BAp. Subsequently,
we have Uy, < Uppg. When e > é‘nl; since p —e < p+ ¢, we also have Uygp < Upgg.
Rewriting the shareholders’ expected profits depending on those informational rents, when there is

no board, we have:

Wnp=FE(r)—~ywUr, —v(1 —v)Urg — (L —=y)vUgr — (1 =) (1 —v)Ungn

- BAp  _
This gives, for ¢ < W%B—ﬁ = &b
1—vy)B(p—¢)AB | —vBAp + pA
WNB:E(TI')—U)—( 7) (B ) B Vﬁiptp B
B (Ap + 2¢) pB —Bp
BAp
And fOI‘ g 2 W%B—é = 5nb
BAp
=F(m)—w-—(1-— D —VvAD — ) ———F
WnB (m)—w—(1-7)(P+ec—vAp Vg)é(Ap-‘r—QE)
]
Proof of Proposition 2. The binding constraints are:
arr + U MR—I] =w (PCLL)
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arg + pry [(P+e) BR—I] = w+ py RBAp
oty [PBR—1) = (1= &(7) {w+ pr RBAp + ppyR [pB — DB — e (B4 B)] + B}+&(7) (w — F)

(1=&(r) {w+ prRBAP + pry R [pB —pB — ¢ (B + B)] + B}
+&(7) (w — F) + pp RBAp

Again, in order to minimize the informational rents, shareholders will set p;, p;  and pyp as low

CVHH+MHH [(ﬁ—"&“)BR—]] =

as possible while satisfying the other incentive constraints. We now check what are the conditions
due to the other Incentive constraints (and will check later that Participation constraints are
satisfied).

prr =0

apn+ g (P+e)BR—1I] > arp + pyp, [PBR — I (ICxu-LL)
=w+p R [pB—pBl =w

ary + ppr [PBR— 1] = (1= &(n) {own + ppm [(p—€) BR—I] + B} +&(7) (w — F) =

(ICrr—rH)
w + pp RBAp
¢ L ey (w—F
TR e i ELLTEL
B— (1) r
(1-€(7))
I R (e~ (o 2)
As (15(67()7))1? — B <0, we have
= Bty F
RB[(p+e)— (p—¢)]
QFL+ b [BBR — I] > oL+ prg [BBR - I] =w + pp RpAS (ICur—rL)
prRBAp
e(1-¢ _kLpte B —&(r)F > iy, RpAB
| (T”{ R [0 -8 —c (8+F)] + B } o i
§(1) F—-B

N (= 6) _
ML = BB -5 —< (B+B)]
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As %F — B <0, this is satisfied

amgn + pgy [(P+¢€)BR—1I] > apm + ppy [(P+¢) BR—1I] = w+ pp REAp + ppy R (D +¢) AB
(ICuH—LH)
(1- &) { u R }
+urgR[pB—pB—e(B+08)] + B >w+ p RBAp 4+ g R (D +¢) AB
+&(7) (w — F) + py, RBAp
B+)A8-(1-€m) (p-)a8 [ |B- o GyF)
BAp R3[(p+e)~ (p—¢)]

(o) - (1—E0) (p-2)] A6,
BAP = HHL

=

HEL =

S PHL 2 HLH

arg +pry [(P+e) BR—I] > ayr + pyp, [PBR — I (ICrLu—HL)
= anr + pgr [pPBR—I] — pp R [pB — B
(1 £()) { ZE—FfLLLRﬁAP B }
& w+ pp RBAp > +urgR [pB—pB—<(B+B)] + B
+E(r) (w = F) = pyg R [pB — 1B
A-&r)@-9)a8
[Bﬁ_ﬁé] LH HL

KL Z

We can verify that

Lo BApEpAS
= pyp ife > (—€rNasT5p ~
=\ 2 .. Ohpempds
Wi e S oA Tis — o

Indeed, we have :

BHL = B <= ML > dhr
[Ap+2e+&(7) (p—¢)] AB . (1-&(n)(p—e)AB
BAp B pB—pp
(2 —&(7)) (pB — D)
+(1—¢&(1)) BAp
BAp —&(T)pAS
S U—€rnas+I5-5

BAp—E(T)pAS
(1-&(r)AB+25-p’

> (1—&(m)) pBAp — (Ap + &(7)p) (pB — BB)

V

— £

Moreover, when € > one can easily check that :

1
HEL = BHL 2 BLH
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BAp—&(T)pAS
< = =
and when ¢ < (1—§(T))Aﬁ+%6—§

Lpr = ML > Bog

arp +ppr [PBR — I > apr + pyy, [PBR — I] = anr + pyp [pBR — I] — py RpAS
& pppRpAB > (1= &(7)) {uruR [pB —pB —< (B+8)] + B} —&(n)F
G- p-2)as [ [B- o GyF]
pAB R3[(p+¢) - (p—¢)]

(1-&(m)(p—e) A8
QAB HrLH

S pHL 2

& paL 2

Since (1 —&(7)) pAB < pAf and since pyy > ppy, ICLL—HL is also satisfied. Finally, we get

Hpp = max {MJILIL; ,U«%-IL}
1o BAp—E(r)pAB
) e G zr T S
HL B = (gmyap+Za—5

arp +ppr [PBR—11 > (1= &(7) {anu + pgn [(p—€) BR—1] + B} +£(7) (w— F) =
(ICLr—mH)

(1—=&) {ann +ppr (P+e)BR—1] —pygR[(p+e)B— (p—¢) B] + B} +&(7) (w— F)

<1—s<r>>{uLHR[pﬁ—pﬂ—es(mm]+B}} Pt \_
—&(T)F + g RBAp R(p+e)B—(p—e¢)B] HH

@MHHZ{

apr + pgr [PBR— 1] > (1= &(r) {ann + pyy [(p—€) BR— 1] + B} +&(1) (w — F)

(ICHL—HH)
_ (1_5(7)){ (=€) {w+ e RBAP + g R [pB — 9B — = (8+ B)] + B} }+§<T> (w—F)
+&(7) (w = F) + pp RBAp — pyg RB [Ap + 2¢] + B
o S (1= &(7) pp L RBAp — E(T)upy R [pB =18 —e (B+B)] + (1 —&(n)) B—&(NF
K = RB[Ap + 2¢] = HHH
oL+ ppy [(P+e)BR—1) > agn + ppy [(P+¢) BR— I (ICLH—HH)

=apn+ppn (P+e)BR—I] —pgpR (@ +e) AB

(1—=&(m) pruR [pB—DPB—< (B+5)] L (s B — (1) F
) RGAD + (1 =&(7) &(r)

& > _ 3
HaH = R(p+e)AB s
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We thus have:

12999

HLH

HEL

HHH

Urr = arg + ppy [((P+¢e) BR—1I] = w+ py RBAp = w

Ubrr = awpr+pyr @BR—[]:(l—f(T)){

= w+(1£(f))(p€)A6(

Ung = OéHH+MHH[(p+5)5R—I]:(1—‘5(7)){

>

e
B — et

RB[(p+e)— (p—e)]

BAp—E{(T)pAB ..
1-§(r)Ap+LE—p
BAP—E(PAS
1—¢(r)AB+EZa—p

1 2 3
max {MHL; HaH FHHEY RHH }

,u}mifez(

M%Lifsﬁ(

U =apr+ppp [pBR—1] =w

w + oy RBAp

Blo+e)—(p—¢)]

= )

+6(7) (w = F) + pp RBAp

(p=e)P(AB[(1-E(r)B—EDF] BAp—L(T)pAS

ite <

w +

BlAp+2¢][pB—pp]
(+e)a8[B

= (—e(myas+Za—p

£(1) F] TIES BAp—E(T)pAS —ep

EEERIC))

w +

B[7+e)=(p—<)]

= (1-¢n)As+Es-B !

To sum up, here are the CEQO utilities when there is an Independent Board:

U, = w

ULHZ'IU

Upr, = w+(1—-¢&(1)) (ps)AB(

Unn =

w +

We can verify now that we have

8- a7

Blo+e)— (p—e)]

(p—2)P(AB)2((1-€(r) B—E(r) F]
BlAp+2e][pB—pp]
(B+e)AB| B— -k P
Bl(p+e)—(p—¢)]

if e <egy

if € > gy

w +

Urr €£Urp <Upr < Ugn
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+unR[pB—pB—c(B+6)] +B

w+ pr RBAp }
+pLpR [pB—pB—<(B+6)] + B

|

} +&(7) (w— F)



When ¢ < g, we need to see if % > 1, which is true since BB—?@ = pAB— SAp. Subsequently,
we have Uy, < Ugg. When € > 5@1;, since (1 —&(7)) (]2— 5) <p+e¢, we also have Uy, < Ugy.
One can remark that types (HL) and (HH) informational rents are lower with an Independent

Board than without Board.

B (]3— 5) AS
BAp + 2¢]

Unia < U = (1-€0)(p—2)AB e <
HLib >~ YHLnb p ﬁ[(ﬁ‘f‘E)—(ﬂ—é‘)] >

—&(7 — €0 which is true
—= (1 5())[3 ))F]<B, hich is t

(1—&(r

Moreover, we can prove that ¢; < &,;. Indeed,

Eib— Enp <0
BAp — EpAS BAp
(1 §)AB+ 3-8  AB+E =B-8

= 26AB [pB —pB] <0

<0

which is true since we have 8p — BB <0.
This implies that we only have three possible cases to consider for Ug g

1. When ¢ < gy,

(p—2)B(AB)*[(1—&(1) B — &(7)F] _ B-9)p (AB)?
B[Ap + 2¢] @B—T)@ BAp + 2¢] @B—T)@

sign(Un iy — Unrny) = sign(—£(7) (B+F) (p—¢€) (AB)*) <0

Unwuiv —Ubnbne =

2. When ¢ < e <ep

vy @+5>A5[3‘<1§(§()r>>F]_ B (p—¢)p(AB)°
T T g G re) - (p-2)]  BlAp+2¢] [pB - 18]

sign(Usnin — Untio) = sign | (+2) | B— —T__F| [s5 58] — B (p— =) pAS
(- €m)

Since B > [B — %F} we need to prove that (]3 — 5) PAB > (p+e) (QB — ﬁé)

(p—¢)PAB—(P+e) (pB—DB) = ppAB—ppB+ppB — e (pPAS — Bp +1P)
= P[ﬁAp—s(Aﬁ-iﬁ—i—ﬁﬂ

Since € < gpp, we have BAp — ¢ (AB — %B +§) >0
3. When ¢, <e,p <€

(+)88|B- 58 F|  BasG+e
Bl@+e)—(p—¢)] BAp + 2]

Unwaiv — Unbn =
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Since B> |B — %F we have Ugais < Ui Hnb -

We can now calculate the income of the shareholders. There are two cases to consider. When

€ < &ip,
[B - iy F ] pAS
Wis = B(r) —w o = (1 = 7)1~ &)~ )A8 gt SO v (-0 2
When € > g4,
B~ o2&y F ]
Wi = B(r) = = o — (1= )AF— O (o1 =)o =)+ (L= )5 + 2]

We have to find for which values of 7, the contract is collusion proof.

1. e <ep
Wor—Wer = —(1-7)(1- &)@ <)A8 {Bﬁ&oiﬁ?;ﬁf} e iljgff)u)))p% ]
+u—7)u+u—u%§f%)?éﬁi;ijbﬂmTehmmm]
with 79 = % for £ < e;3. Indeed,
" o
Wer = Wor = - 6(A);+22))M s 5”( §(7))
£ —[(1=&(7))B — &()F] [ (L=t SO >£f§p ]

As, we have £(7)FP(r) = L, this gives

KV +(1— y)pgAgp) (B+F)+ VB}

_(I=7(p—-e)AB
Wep —Wer = B(Ap + 22) —u[B+F+B§Ag]
+v(B+ F) 222

pB—pBp
This polynomial in 7 with a positive second degree term has 2 positive roots. If those roots are

both lower than 79, then, Wop — Wep > 0 for all 7 € [Tmin, To] - The lowest root is

2
iy V2 B+F+Bp”Agp}
v|B+ F+ B-L==> } po=p.
ﬁ Bp BA
_ pAS _ )P
(B +F) B2 <1/+(1 1,)5 5)(B+F)+I/B}

T =

2 [<u+ (1— mpgAgp) (B+F)+ VB}
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We have

>0

<y+(1—y) pM) (B +F)

pB—Bp

2
- ?Aﬂ v 1—v ?Aﬁ B+ F vB
(pﬁ_ﬁp HU-n 2 ) B+

which is true. Weop — Wep is therefore positive for all 7 € [T, 70] - The optimal contract is the
collusion proof contract for e < g;.

2. ep<e<ep

B— 0 F
Wer—Wer = -l e | (1= P2+ (1-v+ ED @)
—_ A _
+(1—7) v+ (1- V)p;)%ﬁﬁp ?(Aﬁp(i 2;) > 0 for all 7 € [Tmin, T0]
with 79 = p+€ +1if € > ;. Indeed,

{ ’ } B(p <)

_ )\ _PAB p—¢

Wep —Wer = A =nas + V)ﬁ—ﬁﬁ
B(Ap + 2¢) £r) v(1—&(m)%(p—¢)
+ 8- oty F] (1 g S
—v+ =) +e)

As, we have ¢EP (1) = 1, this gives

[(1 —v)-BAE (1) E?_g} B73

pB—0Bp
5A8
(1-7)A8p—2) (rra-ngg) e |
Wep —Wer = B(Ap+2e)(r —1) —i—(l/—i-(l—l/)(PJrE; (B+F)

—v {B(1+E”+ 3()+2 (B—I-F)}T
+v(B+F) (1+3)

We are now able to show that this degree 3 polynomial, denote it P(7), is negative for all 7 €
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[Tmin, To] - Indeed

2 _ pAB  _ (pte)
3T B(l V) [p,é’—,é’p (pg):|

OP(7) . -
9. — | +2r [— (1/ +(1- mpgf‘;p) B+2vB + (u +(1-v) g;g) (B + F)]
(p+e)
- [Z/B (1 n @—a)) + 2w (B + F)}

Moreover, as

E > Ejp = ﬁAﬁ >
we have
2B(1—v) pAS _(25"'5)
pB—pp (p—9)
PAB 7 (Bp(10 — 2) — B0 PAS
— rB(1- P = B(1 - L
TB( I/)<pﬂ—5p>< SAB )ST ( ”><p5_5p>
and thus
3rB(1 —v) <Pfﬂ>
OP(T) _ e =
or < +27 {— <V +(1- V)pZA,gp> B+2vB+(1—v) ggtg (o —1)(B + F)} <0
—[vBTo +2v (B + F)]
JE vBTo+2v(B+ F)
(v+ Q=028 Bavs s (v -0 E3) (B4 P
Moreover,

vBto+2v(B+F)

<79
<y+(1_y)];;ﬂ_gp>3+y3+(u+(1—y)(p+€>) (B+F)

(p—e¢)

Hence, ag(:) is negative for all 7 € [Tpin, To] . Finally, we will show that (Wep — Wer) (1) > 0

(Wep —Wer) (10) 2 0 <=

-0 - 10 PG| B
(1=7)AB(p—¢) —<1/+(1—1/)§Ag B+2wB | o |<,
B(Ap + 2¢)1 B@ _;j)) To | T
+(y+(1—y)@ (B + F)

—vBro+2v(B+ F)|1o+v(B+F)719

B gt [#5-3) ) |

(= v)ro (ro— 1) F + v (1o — 1) (B + F)
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However, as

e < gpp =
BAp . PABp+ (08— Bplp—pBAP
gl O 7 57 v
we have, together with pAS > SAp
pAB__ (pt+e)  PAp  (Pte)
pB—-Bp (—¢) — pB-Bp (p—¢)
L PAGp+[pB-Bplp—pfAp | (B+e)
[pB — Bp] (p —€) (p—e)

As p%égﬁ - gfg} >0, (Wep —Wer) (10) is thus positive and as 61;(:) is negative for all 7 €
[Tmm:TOT, Wep — Wer is therefore positive for all 7 € [Tmin, 70] . The optimal contract is the
collusion proof contract for g; < e < gpp.

B.ep<emp<e

[B — &) F] 2
=30)) v(1=&(7)*(p—¢)
_ = —(1=~)A s
Wer = Hor H=mas B(Ap + 2¢) +(1—v+ D) F 1o
_ BAS
+(1 — ’}/) [(p+€) — V(Ap+ 25)] M Z 0 fOI' all T E€ [Tmin,TO]

with 79 = p+5 +1if € > g4, Indeed,

v+ (1—-v)(ro—1)|B

v(1—&(r))? ]
(L= v+ €2 (rg — 1)

1=y -e)AB

p_ &
B(Ap+2¢) B~ it ¥

Wep —Wer =

As, we have ¢EP (1) = 1, this gives

[v(@2B+F)+(1—v)(r9—1)F] 72
v[Bto+2(B+ F)|t
+v(B+ F) 1o

1—7)(p-¢)AS

(
Wep = Wor = B(Ap +26)(r — 1)

This polynomial in 7 with a positive second degree term has 2 positive roots. If those roots are

both lower than 7g, then, Wep — Wep > 0 for all 7 € [Tyin, To] . The lowest root is

V2 [Bro+2 (B + F)]?
—4dv(B+F)1o[v(2B+F)+ (1 —v) (10— 1) F]
2w(@2B+F)+(1—v)(ro—1) F]

V[BT0+2(B+F)]J

To =
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We have

To > To
2

v(2B+F) v [Bro+ (B + F)| v(2B+F)

+1—-v)(to—1F +1-=v)(to—1HF
—drg(ro—1)[v(2B+F)+(1—-v)(to— 1) F]lv(B+F)+ (1 —v)1oF] >0

> 4713

which is true. Weop — Wep is therefore positive for all 7 € [T, 70] - The optimal contract is the
collusion proof contract for e, < g, < €.

Proof of Proposition 6. When ¢ <€ and 7 < 79, we have

' v Pe-a) ] .
ol e | BT L

i B | e S
Li(r-1)B F][ (1-v) PMP} if 7 > 7g

e

When € > € or T > 79, we have:
v(r—17%(p—e)

_ 1
Wen(r) ={ T H1=2)7 +0)(F+9)
(T =D)B-Fl[u(r =1)p—e) + 1 -v)(B+e)] if 7 > 70

T—1)B — F] it 7 <79

Assume first ¢ <2 and 7 < 7g. As F has to be set as high as possible, we have [B — ﬁF] =
K, due to the CEQ’s limited liability constraint. We thus have, if 7 <7

T 2(r —1) =27 (1 — 1)? v
Wes(@) _ —(K[mo—s) (2 Abblais )—igme))
_ _<2KV[<p—e><r—T;>—<p+e>]>

However,
(p—e)(r=1)—(p+e) <0

as7'<70—1+§§+3 Andthenawgif(ﬂZO.

If7 <7 <7,




The first derivative of this objective function is in this case:

OWep(T) 2(r—1) (1-v) 3—27| DAS
R AG DR == =)
= 7% [21/7’(7'71)+(1*l/)7'2’7'0+l/(372’7')7'0]

K

= —— [2vm* = 2ur + (1 — v) 770 + 3vTo — 2v7T]
-

3

2 2v (1—v)19 3vry 2vTo
2 3 2 + o
T T T T

K
= = [—7'2 (2v 4+ (1 —v) 79) + 2v7 (1 4 70) — 370

The sign of this expression is equivalent to the sign of a second degree concave polynomial in 7.
This polynomial has two positive roots. We will show below that it is negative in 7 and 7¢ and
that its derivative in 7 and 7¢ is also negative. This implies that it is negative for all 7 in [T, 7¢]

and that consequently Wep(7) is non increasing on this interval. Indeed, we have

MWep(T) K
o I = ~gll-vretn] <0
1_
_ —K[( V)+V3]§0
70 To
and
oW, R K 1 5 2
SB(T)|T = S |w|1l-——F— | +tA-v)70+ — 2~ =
. T
T ro— 3 To )

L 68) (70— €22)

- ez w(322) - (229)]

_ 2 _ _
This is always negative as A = 1612 (Eg%zg) — 41/%2%3 (2 + 3%) < 0 because v < %

Moreover, it is easy to check that the derivative of the second degree concave polynomial in 7
(having the same sign as awgif(ﬂ) is negative in 7o and in 7 (because v < 1). This implies that
OWep(T)

5y <0 for all 7 € [T, 70] .
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If 7> 7o,

OWep(T) (r—1) pAS
or D Kra - )QB—@?
_ 1 PAp
_ﬁK v+ (1— )pB—ﬁﬁ <0

When € > €, or T > 79 we have, if 7 < 7

MWeol) (k2% (- 1)p-e) - G+) ) 20

or 73
Ifr>mg (1) .
Wen(r) =& [T -0+ -0 o)
S - (r—1)2
Meel) — g [ D 2O g -0 5049)
- —K[u( —1)7—:21(})—5)—1—(1—1/)7_12(]9—!-5)]<O

This allows us to conclude that when ¢ < € and 79 > 7, it is optimal for the shareholders to
select a Board of Directors with a low degree of independence, i.e. 7* = 7. In all other cases, it is

optimal for the shareholders to select a Board of Directors with a high degree of independence, i.e.

T =T19.
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