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1 Introduction

There is a large literature on the composition of the boards as well as the monitoring role and
the advisory role of the boards. Nevertheless, the problem of collusion between the CEO and the
board has receive little attention. The aim of this paper is to study collusive aspects of the board
of directors. Our paper sheds light on the problem of composition of the board of directors. We
study what is the optimal composition of the board of directors in particular if it is preferable to
have a insider-oriented board or a outsider-oriented board with a majority of independent directors.
We consider that a board of independent directors that are all chosen directly by the CEO is a
friendly board if the independent directors follow the decision of the CEO. We study the case of
collusion considering a CEQO facing a choice of projects. We propose a model where we have different
projects each with a certain level of risk. The choice of the best project for the company is function

of remuneration of the CEO as well as the private benefits of the CEO.

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

We assume that the firm can undertake two kinds of projects. The implementation of those
projects initially require a fixed investment I by the firm’s shareholders. The characteriscs 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 (g1). Moreover, this project may have a low
probability of success, that is, g1 =p3;with probability (v) or may have a high probability of
success q; = pf; with probability (1 — v) where 3; € {B, B8 } 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 () or may
have a high probability of success g2 = (p + ¢); with probability (1 — v) where 3, € {B, 8 }
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 yhe type of projects considered by
the firm while (¢) represents the relative volativity of project two compared to project one.

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

The CEO may therefore send signals to shareholders about her type and the probability of

success of the selected project:

o =(L, L)< pB=Bandga=p—c (& q =p)
org=(L,H)& pB=pandg@p=p+c (& q =D)
o= (H,L)& pB=fandg=p—c(&qa=p)
oyg=(H,H) & B=Bandq@=p+e (& q =D)

The CEO’s compensation (paid by the firm’s shareholders) is composed by a fixed part a;; and
a variable part p1;;II that depends on the profits from the project (II) where i € {L, H} corresponds
to the CEQ’s signal about her ability (called hereafter the CEO’s type) and j € {L, H} corresponds
to the CEQ’s signal about the probability of success of the project (called hereafter the 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.

The CEQ’s reservation wage is w.

2.2 The Board of Directors

Shareholders also have the possibility to hire a Board. The Board has both a supervising and a
consulting job, i.e. he 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 choose it. More par-
ticularly, 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 relationship 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 € [1,4o00] that acts as a
discount factor for the collusion’s rents. When his degree of independence, 7, increases, the amount
of information hold by a Board decreases while his willingness to engage in collusion decreases.

Let &(7) = % be t-he probability that a Board with a degree of independence T has gathered
the true information about the economic context.When 7 increases, Board members are more
independant 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.

The Board’s wage is 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 in a usual unidimensional screening model as the CEO’s objective only

depends on one parameter, 0;;, that can be defined in the following way:

O = pB
O ={P+e¢)B
Orr = ps

Oom = (p+e)pB

In this paper we assume that (p—e)3 > (p+¢)f, i.e. a high ability CEO undertaking a
project with a low probability of success has more chances to succeed than a low ability CEO
undertaking a project with a high probability of success, this assumption put forward the positive

role of the CEO in his management of projects.



The shareholders maximize their expected profits:

W= vy [(pBR— 1) —arL = pyy (pBR—1)]
+A=v)y[(B+e)BR—1I) —arn — ppy (P +2) BR—I)]
+v(1 =) [(pBR—1) — anr, — pyy, (PBR - T1)]
+1-v) A=) [((p+e)BR—1I) — gy — ppy (P+e) BR—1)]

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 ¢« € {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. I1C;j_; is the Incentive constraint
of a CEO who reveals that her ability is k € {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 shareholders. Through this process,

shareholders induce the CEO to reveal his real type. Those constraints are stated here:

any +ppy, [pBR 1] > w (PCLr)

arg+prg (P+e)pR—1I) >w (PCLu)

oL+ pyp [pBR—1] > w (PCyL)

apn+ b [(P+e)BR—1I] > w (PCr)

amn + pyp [(P+¢€) BR— 1| > aur + pgy, [DAR — 1] (ICyu—mL)
amm + pgy [(P+¢) BR—1] > arg + pry [((p+¢) BR— 1] (ICHH-LH)
apn + pgy [((0+¢)BR—1] > aps + pry, [PBR — 1] (ICHH-LL)
agr + ppy [PBR—1] > apn + ppy [(p—<) BR—I] + B (ICHL—1H)
apr+ pgr [PBR—1) > ary +ppy [(p—¢) BR—I] + B (ICHL-LR)
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oL+ pyn [pPBR—1] > arr + ppy [pBR — 1) (ICur—rL)

arg +ppy (P+¢e)BR—1I] > agn + pyy [((0+¢) BR—1] (ICLH—HH)
ary + pry ((P+e) SR — 1] > aur + pyy, [PBR — 1] (ICru—nL)
ary +pry (P+e)BR—1I] > apr, + pyp, [PBR — 1) (ICru—rL)
ary +ppp [pBR—1] > agg + pyy [(p—¢) BR— 1] + B (ICLL—mH)
arn+ prp [pBR— 1| > anr + pyy [pBR — 1) (ICLL—HL)

arp +ppp [PBR—1I] > arg +ppy [(p—¢) BR—1I] + B (ICLL—1m)

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

BHH 2 PHL 2 PLH 2 BLL
By assumption, we know that the following condition is satisfied:

(p—e)B—(P+e)p>0 (1)

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

orr + [y [@R— I] =w (PCLL)
arg +ppy [(P+e)BR—I] = app+ppp [PBR— 1] (ICLH—LL)
= app+ppg [PBR — 1] + pp RBAD
= w+pL RBAp
(05285 +MHL @BR— I] = OLH +:U’LH [(2—8) BR— ]] + B (ICHLHLH)

= oarg+py [(P+e)BR—I] —ppgR[(P+e)f—(p—¢)B]+B
= w+prRBAp + ppgR @B—ﬁﬁ—ﬁ(ﬁ‘i‘gﬂ + B

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



anp +pgg [(P+e)BR—1] = apr+ pyp [PBR— 1) (ICyu—HL)
= apgr+ pyp [PPR — 1] + py RBAD
= w+p RBAp+ pryR [pB—pB — e (B+B)] + uy RBAp + B

The optimal contract when there is no Board in the firm’s organizaton is characterized in the

following Proposition:

Proposition 1 When they do not hire a Board of Directors, shareholders must conced the following

informational rents to a CEO

U, = w
Ug = w
B (p — 5) AS
U — —|— - = @
e YT B Ap 2]
B(p—<)p(AB)* . BAp
Bt 2 4 et <gp =L
U — 1O Bl e €= = 55755

BAB(p+e)
w + E[APJFQE] ZfE > Enb

Moreover, the shareholders’ expected profits are

(1

E(r) —w — )B(p—<)AB [—VﬁAzH-pAB} ife < em

—
B(Ap+-2e) pB-BB
BAB

E(Tr)—w—(l—fy)(ﬁ—i—s—VAp—an)m if e > enp

Wnp =

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
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:

arr+ ppp [PBR—1] > w (PCLp)

arg +pry [(P+e)BR—1I] > w (PCLy)

agr + pyy [PBR—1) > w (PCrr)

apgm+ ppy [(P+e)BR—1I] > w (PCHH)

apgr + pgg [(0+¢€)BR—1] > anr + pyp, [PBR — 1 (ICHH-HL)
anm + pgy [((P+€) BR—1] > arg + pry [(p+¢) BR— 1] (ICHH L)
amn + ppp [((P+¢) BR—1] > arp + prr, [PBR — 1] (IChH—LL)

agr + pgr [PBR— 1] > (1 —&(7) {aun + ppp [(p —¢) BR— 1] + B} + &(7) (w — F)
(ICHL—HH)

anr + pgr [pBR—1] > (1 —&(7) {aru +ppy [(p—€) BR—I] + B} +£(7) (w — F)

(ICHL—LH)

anr + pgr [pPBR—1] > arp + ppp [pBR — I (ICHL—LL)

arg+prg (P+e)BR—1| > agg + pgy [(P+¢) BR— 1] (ICLu—nn)
arg + pry [(P+e) BR—1I] > apr + pyy [PBR — 1] (ICru—mHL)

2We examine the case of collusion in the next section.



arg +prg [(P+e) BR—I] > arp + pyp, [PBR — I (ICLu—rL)

ar +prp [PBR—1) > (1 —&(7)) {anu + ppr [(p—¢) BR—1I] + B} +£(7) (w — F)
(ICLL—nH)

arp + ppg [PBR—I] > app + pyyp, [pBR — 1| (ICLL—HL)

arp+ppr [pPBR—1] > (L= &(7)) {arm + ppg [(p— ) BR— 1] + B}+&(7) (w = F) (ICLr—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. This gives:

(18 {w+ Bt +&(7) (w—F) 2w (LL)
§(7)

ey’

The binding constraints are:

arrn + i [@R—I] =w (PCrLr)
arg +pry (P+e)BR—1] = ap+ppp [pPBR -1 (ICru—rr)
= arr +pgp [PBR — 1] + pp RBAP
= w+prRBAp
OéHL—i-MHL [BBR—I] = (1—5(7‘)){O£LH+MLH[(B—é)BR—I]+B}+§(T)(U)—F) (ICHLHLH)
= (1-¢&(7 aLH—F'uLH[@—FE)éRiI] } 7)(w—F
(- & )){ g e 5 [ HEO @D

anp +pgy [(P+e)BR—1] = apr+ pyp [PBR— 1) (ICaH—HL)
= ayr + pyy [PBR = I] + py RBAp
= (1—-&(){w+pL RBAP+ pLuR [pB —pB - (B+B)] + B}
+E(T) (w = F) + g, RBAP

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

characterized in the following Proposition:

= (1=&m){w+pRBAP + pry R [pB — DB — ¢ (B +8)] + B} +&(7) (w — F)



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

U, = w
Ug = w

B- 0 _F
Un = w+(1—£(7) (p—¢) AB 2= o]

Bl+e)—(p—e)]

(p—¢)P(AB)?[(1=E(7)) B—E(7) F)
Uy = o BlAp+2¢][pB—pp] yesen=
= (P+o)A8[B- ey

el > e
(s ey U A

BAp—E(T)pAB
(1-€(r)AG+255

Moreover, the shareholders’ expected profits are
£(1)

Er) —w—up — (1= 7)1~ e - s L g 2an] e <,
£(r)

E(r) —w—wo — (1 - )Aﬁw VA —&(r)(p—e)+(L—v)P+e)] ife>en

Wip =

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 an 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 there exists a Board’s wage wg such that for all
wo < wo, hiring an a Board is always beneficial for the shareholders when collusion is not possible,

i.e. W[B > WNB for all wo < Q/U\é

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.

In the following inequalities, wy, is the income of a board that announces that the project has
a low probability of success, wy 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, wq is the income of a board that says the truth, i.e.
an Independent Board.

The following constraints reveal that the CEO-Board coalition had better tell the truth than

collude with each other.



’Y[ULL—U)—Q—U)L]+(1—’y)[UHL—’LU+wL}Z’Y[ULHT_UJ—FZU@} +(1—7)[

@wLZW[ULHT_w—(ULL—w)} +(1-7)

We set A = [V — (U —w)] + (1 =) [ L8822 — (U — w)]

U —w Unr —w

’V[ULHw+wH]+(17)[UHHw+wH]27[ +w@}+(17)[ +w@]

U, —w
T

<:>sz7[ —(ULH—w)]+(1—7)[UHLT_w—(UHH—w)}+w@
wesethy[@f(ULwa)]+(1~y) [Uﬂgi—wf(UHwa)}

Since we have Urr, < Uppg < Upgr < Ugg and 7 > 1, necessarily B < 0.

We then have 4 constraints to satify:

wr, > A+wy (1)
wy > BH4wy (2)
wr, > wo (3)
wg > wp (4)

5.1 Collusion-Proof contract

In this situation, shareholders want to avoid collusion in the Board. The only case they have to
take into account is when the Board says there is a low probablity 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): therefore we will always have wy, > wg. They can try to use wr,
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:

Wep = E(m)—ywUr, =y —v)Urg — (1 —v)vUpr — (1 —~) (1 —v) Uy
—v€(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 = wy = wp (because wy is the lowest wage of the board).

10



Upg —w U —w
wy, = V[LHT—(ULL—M)]‘F(l—’Y)[HHT—(UHL—U))]‘HU@
Urg — U, 1-— Uyg —-U 1-—
= ’Y[ L LL T(ULL_U))]""(I_PY){ el LA T(UHL—w) + wp
T T T T
wg = wy = wo

We can remark that there exists 7 such that wy, > wy <= 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, =Wy = Wy

We are now characterizing 7¢

wr >wy <= Ty U —w)+ (1 —7) Upr —w)] <~vUrg —w)+ (1 =) Uy — w)

U —w
TS HH
Ugr —w
1 pte _
o =) pe if e > ¢y
- pAB
L2E i e < g
pB—Bp >~ <ib

However, on the interval [1; 7o}, since shareholders have paid enough to avoid collusion, the CEO’s
rents are those of an Independent Board. For those degree of independence, since shareholders have

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

U, = w

Ug = w

[B - (1§(T)T))F}

Blo+e) - (p-e)]

(p—€)B(AB)[(1-£(r) B—£(7)F]
- B[Ap+2¢] [pB—pB]
HH = (+e)AB [ B— 7501 F |

(1-£(7))
R ()

U = w+(1-£&(1) (p—¢) AB

w if e <eyp

if e > &b

This is stated in the following Proposition.

Proposition 3 Assume that collusion between the Board of Directors and the CEQO is possible. In
the optimal collusion proof contract, when they hire a Board of Directors, shareholders must concede

the same rents to a CEO than in the presence of an Independent Board.
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In this case, the shareholders’ expected profits are

__&(n) _

B(r) 0 - w0 — (1) (1~ €(r)p — )AL Tt [uu —EM)+ A -vt “)ﬁ] ife
__&(m)

B(r) 0w - (1 - ) aslo ] =620 -2+ 1 -v+ D) F+e)| ifeze

Wep =

Moreover, there exists Tg such that for Boards of Directors with a degree of independence 7 > T,

it is not beneficial to engage in 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 they would throw
money out of the window if they paid the board. The shareholders’ expected profits have the

following form:
Werp = E(m)—wUrp —~v(1—v)Urg — (1 =) vUgr — (1 —=7v) (1 —v)Ung
—vE(r)wr, — (1 = v)&(T)wm — (1 = &(7)) wo
This is optimal to set wy, = wg. Inequalities (1) and (2) do not need to be satisfied. Subsequently,

we have:

WL = WH = Wy = Wo

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

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

U = w
B (p — s) Ap
U, = w+ ———t—
e B[Ap + 2¢]
B(p—e)B(AB)* .
B A/ e <
Uy = ) O Blpreelpige] €S Ent
BAB(p+e) -
w + W if e > Enb

Proposition 4 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 than without any Board.

In this case, the shareholders’ expected profits are

B B B 7 B PAS BAB(p—e)
Wee = E(r)—wy—w—-(1-7)|v+(1 V)EB*@ B(Ap+2e)

E(rm) —wy—w—(1—-7) [(ﬁ%—a)—u(Ap—i—Qe)]ﬁ(fpiAf%) if e > enp

ife <ew
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5.3 Optimal Contract with collusion

Let’s remind that £(7) = 1.

In order to find the optimal contract in presence of collusion, Wep, we have to compare Wep
and W 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 < €np We only have three cases:
1. e<ep
2. ep<e<ep
3. enp <€
The following Proposition characterizes the optimal contract when collusion is achievable.

Proposition 5 For all T € [1,7¢], the optimal contract is the collusion proof contract for all €.

This allows us to state that the shareholders’s welfare, Wop that depends on 7 is, for all
T €[1,70] :
Wep(T) = max(Wep; Wer) = Weop(T)

This is an important result as it means that when collusion is achievable and is profitable fot 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 previopus sections allow us to characterize what is the optimal

structure of teh 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 repect to 7. This gives

pBA 15 AS 257
“ APp+pB-pp 58]~ (-9
éﬁﬁ _ (pt+e) < > ﬁﬁAf) _ 7
Hence, when |:[pﬁ—p,8] (pe)] <0, ¢ > A5+ [oP—7d] g,

€2 € for all 7
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pBAp S
=g,

ABp __ (pte)
and when [[pﬂ—pﬁ] (pe)} >0,<—=c< A+ [p7 7]

€ > gpfor <7, and

e < egpforT>T7

The shareholders thus have the following objective function?:

When ¢ <&,
E(r) —w —wy
[B-5F] v(T)(p — ) o
B A N R
E(m) —w—wp
WCB(T) = Bl p V(TTA) ~
—(1=7)()(— e)Aﬁ[é(Ag,i;ge)] 1o+ ) %égp if7 <7 <70
E(m) —w—wp -
=R - 88 GEg [ - e it 2 rg
When ¢ > €,
E(m) —w — wy
B-LF | v(ED) e —e) .
- AB oy fr<
IR S ) R

B(r
~ A= - 9+ - e)] i

\_/

—w — Wy

Lemma 6 Wep(T) is non increasing on each interval of discontinuity.

This allows us to compute the Board’s optimal degree of independence, 7*.

As Wep(7) is non increasing on each interval, we have to compare its value for the lower bound

of each interval?.

The following proposition summarizes our results:

Proposition 7 When e <€, Tmin > Thy,

and Tg > Tg, it is optimal for the shareholders to select a

Board of Directors with a low degree of independence, i.e. T = Tin 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 = Tg. In this case, the shareholders should not care about collusion

because collusion is not profitable for such Boards.

3As T < 719 Ve

1 Assuming that Tomin is such that [B - - 1 71F} =K >0.
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Contrary to the usual idea that the optimal Board should be independant, 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. When the risk of both projects are close, when there are constraints (ethical or technical)
on the level of collusion that can be sustained and when the degree of independence necessary to
have a perfectly honest Board is too high, the optimal structure is a Board with a low degree of
independence. However, when project 2 is too risky compared to project 1 or when collusion is not
too costly for the coalition or when he degree of independence necessary to have a perfectly honest
Board is low enough, the optimal structure is a Board with a high degree of independence and the

shareholders should not care about collusion because collusion is not profitable for such Boards.

6.1 Camparative statics

We now have to find what are the effects of B, F,v,p,p, B, B3, € on the optimal 7*. In particular, it
would be interesting to know how the region of parameters such that a Board with a low degree of
independence is optimal varies when those parameters vary.

When £ is high (i.e. B high or F' low), the optimal 7 seems to be 7* = T, (conversely, when
B islow , 7" = 79)

When ¢ is high, the optimal 7 is 7* = 7¢ (conversely, when ¢ is low , 7* = Tpin)

7 Conclusion

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;;_
is the Incentive constraint of a CEO who reveals that her ability is k € {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 Incen-
tives constraints ensure that the CEO earns a higher wage revealing the truth than lying to the
shareholders. Through this process, shareholders induce the CEO to reveal his real type. Those

constraints are stated here:
aLL+MLL [@R—I] > w (PCLL)
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ary + ppp [B+e) BR—1] 2w
oL+ pgr [pPBR—1I] > w
o+ ppy [(P+e)BR—I] > w
amn + ppp [(P+€) BR— 1) > anr + pyy [PBR — 1]
ann + pgy [((P+e)BR—1] > arg + ppy [(p+¢) BR — 1]
amn + pypp [(P+¢) BR—1] > arp + ppr, [PBR — 1]
anL+ pp [pPBR—1] > apn + pyy [(p—<) BR— 1] + B
ann+ pyp [PBR—1] > arg + ppy [(p—¢) BR— 1]+ B
anr + pgr [pBR—1] > app + ppp [pBR — 1
ary + ppy [((P+€) BR—1) > apy + pgy (P +¢) BR — 1]
arg +ppg [(B+¢e)BR—1] > anr + pyy, [PBR — 1]
ap + prg [((P+e) BR—1I] > apr + prp [pBR — 1]
arp +ppp [PBR— 1] > apn + pyp [(p—¢) BR— 1] + B
arr +ppp [PBR — 1) > apr + pyy [pBR — 1]

orr + b @R—I} >oarg+ ULy [(g—a)ﬁR—I]—i—B

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

HEH 2= BHL 2 BLH 2 PLL

By assumption, we know that (1) is satisfied:
(p—e)B—(F+e)f=0
As usual in this kind of problem, the binding constraints are :

arrp + U []LﬂR—I] =w

arg+ppy (P+e)BR—1] = app+ppg [pBR—1I

= L] +/LLL []LﬁR— I] +:U‘LLR§AP

= w+ ,uLLRﬁAp

16

(PCLm)
(PChr)
(PCup)
(ICuH—HL)
(ICyn—LH)
(ICuH—-LL)
(ICHL—HE)
(ICHL—LH)
(ICur—rL)
(ICLa—HH)
(ICLg—HL)
(ICLu—rL)
(ICLL—mmH)
(ICLL—HL)

(ICLL—LH)

(PCrr)

(ICLH—LL)



anr+ ppp [pPBR—1] = arp+ppg[(p—¢)BR—1]+B (ICHL—LH)
= &LH+MLH[(?+€)§R—I]—MLHR[(5+5)§_(B_5)B]+B
= w+pu RBAp+prpR[pB—pB—c(B+06) +B

apn+ ppp (P+e)BR—1] = apr+ pyp [PBR— 1] (ICuH—HL)
= aur+pgr [PBR — 1) + py RBAp
= w+pp RBAp + ppy R [pB — 8 — e (B4 B)] + py RBAp + B

In order to minimize the CEQO’s informational rents, shareholders set 1y, g and py;, 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 puy;, we can therefore

set:
prr =0
arp+ppn [PBR—1I] > arg+ppy [(p—¢) BR—1) + B = (ICLL—LH)
arg + pry [(P+e)BR—1I] —ppRB[(D+e)— (p—¢)] + B
S w>w+ p, RBAp — pp g RB[Ap +2¢] + B
= > L
Hra = RB [Ap + 2¢]
and then

B

HLH = RB[Ap + 2]

anp + pgy [(P+e)BR—1] > arp + ppp [PBR—I] =w + py R [DB — pb] (ICHH-LL)
S w+ L REAp + ppy R [pB —pB — < (B+B)] + nu RBAp + B > w + pp R [pB — pB]
& —pur RIPAB) + ppyR [pB—pB—¢(B+B)] + pyrRBAp+ B >0
S prpR[pB -8 —<(B+B)| + pyRBAp+ B >0

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

oL+ pgr [PBR—I] > arp + ppp [pBR—I) = w + ppp RpAB (ICHL—rLL)
& w+ pp  RBAp + ppp R [pB — B — (B + B)] + B > w+ pp RpAp
& pupgR[pB—pB—e(B+8)] — R [pB - Bp] + B >0
© prpR[pB—pB—e(B+B)]+B >0
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As [pB—pB8 —e(B+5)] >0, (ICHL—11) is not binding.

arg + prg [(P+e)BR—1] > agy + pyy [0 +¢) BRI (ICrLH—HH)
=oapn + gy [((P+e) BR—1I] — ppypR (B +e) AB
& w+ pp RBAp > w+ pp RBAp + pupg R [pB —pB — ¢ (8 + B)]
+pugRBAp + B — ppypy R (p+¢) AB
S pggR@+e)AB> R [pB—p8—<(B+B)| + pyLRBAp+ B
S pggR@+e)AB— ppyR [pB—p8—c(B+8)] — pyRBAp—B >0

B _ _
S puggR(P+e)AB> Slap T2 [pB—pB—c(B+8)] +

B[Ap+2¢|
BAp + 2]

P8 —PB —< (8+5) +P8 —pB +2¢0]

_ B(p+e)Ap

S pgpR({@+e)AB > BlAp+2d

> = )
< Uy = RA[Ap + 2] KLy

This is satisfied from the Spence Mirlees condition.

arg +ppg [(P+e) BR—I] > ayr + pgr, [PBR— I = anrn + pgr, [pPBR —I] — pp R [pB — B

(ICrH—HL)
S w+ pp RBAp > w+ pp RBAp + pppR [pB — 1B — e (B+B)] — py R [pB —pB] + B
< R [pB—pB) > puR[pB—pB—c(B+05)] + B
BApS []3 — 8]
BAp + 2¢]
Blp—c]AB _ 1
RB[Ap+ 26| [pB —pB] Mt

& pppR [pB—pB) >

< BHL =

o+ b [(P+e)BR—I] > arp+ ppy [(P+e)BR—1] =w+ pp RBAp+ ppgR(P+¢) AB
(ICyH-LH)
& w+ pp RBAp + ppy R [pB—pB — e (B+B)] + purRBAp + B > w + pp  RBAp + ppy R (P +¢) AB
< pryR[pB—D8 —Bp+pB —eB+ef —e(B+B)] +puRBAp+B >0
S puppRBAp — gy RB[Ap +2¢] + B >0
BAp 9

=4 > =
,UHL_RAPBé 125299
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arr + ppr [PBR = 1] > anr + pyy [pBR — 1) = anr + pyy [PBR — 1] — py RpAS
(ICrLr—nL)
S w>w+ p RBAp + p R [pB — BB — ¢ (8 + B)] — ng RpAB + B
& 0> pp RBAp + ppy R [pB — B — ¢ (B+ B)] — pu RpAS + B
BR[pB—pB—<(8+5)]

i RpAR > = e B
B (]3 — 8) ApB
NHLRQAﬂ > m
B(p—¢)

> - = 7
BHL = Rpf3 [Ap + 2¢]

This is always verified as Réﬁfgp

%25}17 < pp i and due to the Spence Mirlees condition.

oL+ P @R— I] >oarg + g [(}3—6) @R—I] + B = (ICLL—rLH)
apg +ppg [(P+e)BR—1) —pyRB [(p+e)— (p—¢)] + B
S w>w+ pr RBAp — ppg RB[Ap + 2¢] + B

(ICLr—rm) is thus not binding

oL+ pgn [PBR—1) > apgn + pyp [(p—¢€) BR—I] + B (ICHL—HH)
=w+ pp RBAp + ppy R [pB — 1B — ¢ (84 B)] + pyrRBAp — pyp RB [Ap + 2¢] + 2B

w+ pp RBAp + ppy R [pB —pB — < (84 B)]
1L RBAD — pyp RB [Ap + 2¢] + 2B

< pypRB[Ap +2¢] > py RAAp + B

B[Q—E]AB Apt B :Ml
RB[Ap + 2¢)° [pB — 1] RB[Ap+2g HH

S w+pp RBAp + ppy R [pB—p8 —¢ (B + B)] + B >

& pgH 2

oL+ prr MR — I] > o+ gy [(Q — 6) BR — I] + B = (ICLL—HH)
apy + pgy [(P+€)BR—I] —pypR[(p+e)B—(p—¢)p] + B
Sw>w+p, RBAp+ ppg R [pB—1B —e (B+B)] + g RBAp — pyyR [(PB —pB) +¢ (B+ )] + 2B
[pP—PB—<(5+5)]
HLHT(55-pB) +e(5+5)]

o __BAp 2
S U 2 +MHL[(55,&3)+5(§+6)] HrmH
n 2B _
R[(pB—pB)+<(5+5)]
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We therefore have:

prr = 0
B B
HLH = R@[Ap—i—Qs]
KHL = maX{MLH?:U}{L;M%{L}
fpg > max { iy s Mg
. BA
pig, if < Wg%_ﬁ = Enb
We now have to show that gy = ) ﬁﬁAp =2
P e 2 ——p=—— =¢np
HL Ap+EE-p "

We only have six cases:

1. pryg < M}{L < M%{L = puyr = /L%{L if eAB < ApB <e [AB + %B—Q} . Indeed, we have :

1 —eg)A A
fpg < ppp < Wi = Ap 2z < (Ap _E_p%) ()pﬁﬁ— ) < Apﬁﬁ
{ pB-PB < (p—c) A8
(p— <) ApB < (Ap + 2¢) (pB — 1)
eAB < App

{ —eApB < —Appf — 2pB + 2@3
. { eAB < App

AppB < e (pB — 2pB + pP)

cAB < ApfB
Aps <= (A5+5% - )

For the following cases (2, 3 and 4), we use the same inequalities to obtain.
2. ppr < fp < W = pgr = ki i ApB < eAB

8. ppy < php < b <= pgr = pyg if e [Aﬁ +58- Q] < ApfB < 2eAB
4. pip < ppg < ppp <= pgp = by if ApB > 2eAp8

5. u%; < pk; < ppg < impossible. Indeed, we would eventually obtain

eAB>ApB >e¢ <AB~I—B§—5>

which is not possible because the last term is strictly superior to the first one.
6. i < ,u%{L < prp <= impossible
We therefore have the result of the lemma.
And then :
Urp =arp+ppp [pBR—I] =w

Ur = arm +ppg [((P+¢e) BR—1I] = w+ p RBAp = w
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Bp-pB—c(8+5)]

Unr = anr + BR—1I| =w+ +B
HL = ann+ kg [pB ] 5lap T 22
B(p—a)A,B
HE B[Ap + 2¢]
BA
Moreover, when ¢ < A,Bli%%fﬁ =

B(]g—e) Ap N B [}2—5} ABBAp
BlAp+2e]  B[Ap+ 2] [pB — pB]
B (p—¢) AB [[pB — pB] + BAp]
BlAp+2¢] [pB — pA]
B(p—e)p(AB)?
B[Ap + 2¢] [pB — pp]

Uy = o+ Uy [(17+6)BR—I] =w+

<— Uy =w+

BAp
> —_— = —
Moreover, when € > A3+ZF B Enb

B(p—¢)AB  BAB

Unn =apgg + L [(ﬁﬁ-é)BR—I] =w+

B[Ap + 2¢] B8
B BAB [(p—¢) + (Ap+2¢)]
v S[Ap+ 2]
B BAB (p+¢)
= Vi =Wt A o]

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

ULL = w
ULH = w

B (p — a) A
U = 4 —_

M T A+ 2]
B(p—<)p(AB)* .
w2 e < e
_ B[Ap+2¢]|pB—pB -

Var = - BAﬁ(z[ﬂa) )

w + m if e > Enb
We can verify now that we have
U <Urg <Ugp < Ugn

When ¢ < g3, we need to see if % > 1, which is true since BB —pB =DAS — BAp.

Subsequently, we have Ugr, < Ugnm.
When € > gy, since p — e < p + ¢, we necessarily have Uy < Upp.
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Rewriting the shareholders’ expected profits depending on those infomational rents, when there

is no board, we have:

WNB :E(ﬂ') —’YI/ULL —’}/(1—1/) ULH_ (1—’7)I/UHL — (1 —’7) (1—1/) UHH

A
This gives, for € < Afﬁig%fﬁ = e

B (1-~)B (B_E) AB | —vBAp +pAS
Wip=E(T)—w— B (Ap + 2¢) pB— DB
BA
For ¢ > ﬁ%%—ﬁ = €nb
BA
Wi =E(r) —w— (1 —7) (p+€-vAP—2V5)5(Apfgg)

Proof of Proposition 2. The Participation and Incentive constraints are now:

apL+ppp [pBR—1] > w (PCLL)
arg + ppy [(P+e)BR—1I] >w (PCLy)
agr + pyr [PBR—1) > w (PCyr)
anm + g [(P+e) BR—1] > w (PChp)
apga+ pgg (0+¢€)BR—1I| > anr + pyyp, [PBR — 1 (ICHH-HL)
am + g [(P+€)BR—1I] > apm + ppy [(P+¢) BR— I (ICuH—rH)
g+ ppp (P+¢e)BR—1I] > ar + pyp, [PBR — I (ICur—rL)
anr + pp [PBR — 1] 2 (1= &(7)) {ann + pyu [(p— ) BR—I] + B} +&(r) (w — F)
(ICHL—HH)

agr + pgp [PBR—1] > (1= &(7)) {azm +pry [(p—¢) BR—I] + B} +&(7) (w — F)

(ICHL—LH)

oL+ pgr [pPBR—1] > arr + ppp [pBR — 1) (ICuL-LL)

apg + ppy [((P+e) BR—1) > agy + pyy [(P+¢) BR— I (ICLH—HH)
arg +ppy [(P+¢e) BR—I] > ayr + pyr, [DBR — I (ICLa—HL)
arg +ppg [(P+e) BR—I] > arp + pyp [PBR — I (ICrLa—rLL)

arp +ppy [PBR—1I] > (1= ¢&(7) {ann + pyn [(p—¢) BR—I]| + B} +£(7) (w — F)
(ICLL—HH)
arn+ ppp [pPBR — 1| > apr + pyy [pBR — 1) (ICLL—HL)
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orp+irr MR— I} > (1-£(7)) {aLH + UL [(Zj— 5) ﬁR—I} +B}+§<T) (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. This gives:

(1 =&(m) {w+ B} +&(7) (w = F) 2w (LL)
§(7)

(1—=¢(7))

& B> F

The binding constraints are:

arr + prr []L,BR—I] =w (PCrLr)
org + ULy [(]34—8)@]%—[] = arL+ UL [ﬁéR—[] (ICLH—>LL)
= arp+ppp [PBR —1I] + pp RBAD
= w+pr RBAp
apr+pgn [PBR—1) = (1 —&(n){ary +pry [(p—€) BR—I] + B} +£&(7) (w — F) (ICHL—LH)
(1 aLH+MLH[@+5)§R:I] } A (w—F
(- >>{ g | @)

= (=) {w+prRBAp+ prgR [pB—pB—e(B+8)] + B} +£&(1) (w—F)

apn+ ppy (P+e)BR—1] = apr+ pyp [PBR— 1] (ICHH—HL)
= anr + pygy [PBR = I] + py RBAp
= (=€) {w+pnp RBAp + R [pB — 18 — € (B+F)] + B}
+E(7) (w = F) + p, RBAD

Again, in order to minimize the informational rents, shareholders will set p;r, g and pgr
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).

prr, =0

agmg + ppg (P+¢€)BR—1] > apr + prp, [pBR — 1] (ICHH-LL)
=w+prR [ﬁB—Pﬁ =w
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ar+ppr [PBR—1) > (1= &(7) {ary + pru [(p—¢€) BR—I] + B} +&(7) (w— F) =
(ICLr—Lm)
w+ pr RBAp
—npaRB[(p+e)—(p—¢)] +B

£()
S unRB[E+e) ~(p-9)] 2B~ 55,

(1—5(7)){ }+€(T)(w—F)

B §(1) Ia

E=I0)
T2 BTG e) - (p—e)]

As %F—B < 0, we have

é(r)
B — et

HLH = RalG+e) — (p—2)]

agr + pgp [PBR—1) > apr + ppy, [pBR — I} = w + puy  RpAS (ICHL—LL)
prRBAp
< (1 - _ - _ — F> RpAp
( é(T)){"‘MLHR@B_Z?,B_E(ﬁ‘i‘,B)]‘FB} §(r)F > pup Rp
& (1=&) {puR [pB -8 —c(B+B)] + B} —&(1)F > 0
€1 _p_p

N 6))
I = R pB—pB—c (B+B)]

As (15(5()7))}7 — B <0, this is satisfied

agm +pgy (P+€)BR—1I] > arg +ppy [((p+¢) BR—1I) =w+ ppREAp + g R (p+¢) A

(ICuH—LH)

- { (1= &) {w + pro RBAD + i R [pB — 9B — < (5+ )] + B}
+&(7) (w = F) + pp RBAp

S (1 =&m) {uuR[pB—98—c(B+B8)] + B} + upuRBAp — &(T)F > ppyR (D +¢) AS

- —( M) -p-c(B+H)] +P+e)AS &)
“HLRMPZ< 5[+ —(p=2) S ”) =y

A - -er) (-9 A5 [ [Py
e R [(p+e) - (p—¢)]

} >w+ pr RBAp + ppyR(p+¢) AB

BAp
(P+e)-1-£&m)(p—¢)] A8

< Upr 2 Brg FAp = = UHL
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arg +ppg [(P+¢e) BR—I] > ayr + pyr, [PBR — I (ICrLa—HL)
= aur+ pyr [pPBR -1 — py R [pB — b

1 —sm){ u A }
< w+ pp RBAp > +puppR[pB—pB—<(B+5)] +B
+&(1) (w— F) — pg R [pB — ppB]
& ppR[pB—1B) > (L&) {puR [(p—€) B~ (B +e)B] + B} —&(7

>(1£(T)>(p6)A/3< [B‘ag(?()»F} )

BHL 2 ——— —
" [ 3] R3[G+e) - (p—2)]
(1-¢&(n) (p—¢c)AB )
BHL = = KLy = M
HL @ﬁ _ p@ LH HL
We can verify that
1 . IBAP 5( )pAB .
) maL i e 2 A T T Ew
HarL = 2 ife < _BAP £(rpAs — .
PraL B = emyngZa5 ~

Indeed, we have :

puL = BEL = B 2 L

[Ap+2e+&(1) (p—e)] AB . (1—&(m) (p—e)AB

BAp B pB—pp

e[(2—-¢&(r)) (pB —PB) + (1 = &()) BAp] > (1 —&(7)) pBAP — (Ap + &(7)p) (pF — D)
e[PB2—&(1) —1+&(1) +D (1 —&(n) B~ (2—&(7)) B)] > PBAP +&(7) (—pB (P —p) —
e[pB+p((1—¢&(n)AB—B)] > pBAp + (1) (—pPAB)
_ BAp — &(1)pAB

T (1-¢&(r)AB+ER-B

11t

BAp—E()pAS
(1-&(r)AB+25-8’

Since we have piy;; = p;; Wwe necessarily have ¢ > that is to say

(=) Adle+e B3 - p| - pap+e(rpas = 0
) (p—e)AB—BAp > —eAB—¢ [zﬁ - 5}
We therefore have

(P+e)—(1—&()(p—e)]AB—BAp = —BAp+&(T)(p—¢e) AB+ (Ap+2¢) AB

> sAﬁ—e[pﬁ 5]
75

= 53420
p



And
L > o

BAp—£(T)pAS

_ 2 .
In the same way, when pg; = p7; we have e < e )apt L85’ that is to say

0

IN

Kl—ﬁﬁﬂAﬂ€+f{iﬁ—B}—BAP+€WWAB

S

¢(r) (p—<) AP —cAB+ BAp > g[ 5_5}

We then have
(1-&(r)(p—e)AB—[pB—DB] = BAp—cAB—E(T)(p—e) A
€ [pﬁ—ﬂ] >0
p

v

And
W > Brm

oL+ P MR - I] > QL+ pHL [@R - I] = QHL T UHL @BR — I] — pp L RpAB
(ICrLr—HL)

S 0> (1—&(7) {urLRBAP+ R [pB —pB — € (B+B)] + B} — &(7)F — py RpAS
& pypRpAB > (1= &(7) {pruR [pB—DP8 — (B+B)] + B} —&(1)F

O&ﬂﬂpdAﬂ( 8- %57 )

& ppr > PAB RB[p+e)—(p—¢)]

(1-&(n) (p—e) AB
< pr > pAB KL

Since (1 —&(7)) pAS < pAf and since pyy > ppy, ICLL— 1L is also satisfied.

Finally, we get

Kgp = max {N}{L;M%{L}
1o BAp—E(T)pAB
) P2 oA e T S
T ) 2, ife< BArtpds
HL ™% = (1—¢(m)ap+Zp-p ~ P

26



ary+ppp [PBR—1) > (1 —&(7)) {ann + ppr [(p—¢) BR—I] + B} +&(7) (w— F) =
(ICLL—nH)

(1—=&() {ann + ppy [(P+e)BR—I]| —pgpR[(p+e)B— (p—¢) B] + B} +&(1) (w— F)
{ (1 —&(r)) {w + pp, RBAD + pp R [pB — B — ¢ (8 + B)] + B}
S w > (1-£(7)) ~ o
+&(7) (w— F) + py RBAp — pypyR|[(D+e)B— (p—¢) 8] + B
(1=&m) {praR [pB—DpB - (B+B)] + B} — &(T)F + py RBAp
—pypR[P+e)B—-(p—¢)B] +B

(1= €(r)) (g 57~ 78 — = (5+ 7)) + B } L L
—&(T)F + py RBAD R [( o

}+£(7)(M—F)

@02(1—5(7»{ }—ﬁ(T)F

@MHHZ{ p+e)f—(p—e¢)p

agr + pgr [PBR—1] > (1= &(7) {ann + pyp [(p—€) BR—I] + B} +£(1) (w — F)

+&(7) (w — F) + pp RBAp — pyy RB[Ap + 2¢] + B
& (1=&m){w+prLRBAp + ppgR [pB—pB —¢ (B+ )] + B} +&(7) (w — F)

—(1—&(r) { (1—&(m) {w+ prRBAp+ R [pB —pB —< (B+ B)] + B}

v

w + ppp RBAp+

(1—&(r) (1—-&(7)) weuR @B—TZ@—E(§+B)]
+ugr RBAp+ B

+&(1) (w = F) — pypy RB[Ap +2¢] + B

- ) P RBAp — &(T)ppg R [pB -8 —c (B+B)] + (1 —&(1) B—&(M)F
Hpgg = RB [Ap + 2] = UgH

} +&(7) (w—F)

apg +ppy [((P+e) BR—1) > agy + pyy (P +¢) BR— 1] (ICLH—HH)
= apy + gy [((P+e)BR—1I] — pyyR(P+e) A
(1=&(7) praR [pB -8 — < (B+5)]
+pp RBAD

(1_5(7—))MLHR[BB_T)§_E(Q+B)] 1— &N B — &N F
iy BB AD + (1 -¢&(7)) B—¢&(7)

> _ 3

& pggR@+e) A3 > + (1 —=&(r)B—¢&(n)F
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We thus have:

prr, = 0
_ )
oy = Dot
RB[(P+e)— (p—2)]
1 . > éApfg(T)gAiﬁ _
P B e emamzsp ~
HL ,UJ%{L 1f6§ BAp—E(T)pAS

(1-6m)As+Ze—p ~ —®

fgg > max{ g i B M )

Urp = o + prg, []LBR—I] =w

Urn = arm + ppg [((P+e) BR—1I] = w+ p RBAp = w

Unr = ann+pgr [PBR—1] = (1 —£&(7)) {w+ pr RBAP + R [pB—pB —e (B+B)] + B} +£(1) (w —
= w+ (1=&n) {pLuR [pB—pB—<c(B+B)] + B} —&(n)F
Blo+e) —(p—¢)]

- w+<15<¢>>(pe)m(

U = o Pe)BR—-I]=(1-¢( 5 B
HH u + pgn (B +¢€) B J=0-« )){+MLHR[Z)BP55(5+B)]+B

+&(7) (w = F) + py RBAp

[B &) F]
(1-¢(7) -
= w4+ (1-&(1))(p—¢e)Ap — + pr RBAp
( ())(7 ) (5[(19—1—6)(105)] HL
w -+ (p—2)P(AB)*[(1=£(7)) B—E(7) F) i o< BAP=EMPAB e

BlAp-+2¢][pB—pB] = (1-4(m)AB+EB—B
(F+e)AB[B— 58 F BAP—E(r)pAS
lf & 2 — —p—= —
(1=&(m)AB+58-

w + Eib

5{(pte)-(p—¢)]

To sum up, here are the CEO utilities when there is an Independant Board:

ULL:w

Ug = w

B — £(7) F
Unr = w—i—(lg(T))(pg)AB( [ (1—£(n) } )

Blp+e) - (p-2)]

(p—2)B(AB)?[(1—£(7)) B—E(T) F)
I B[Ap+2¢][pB—p]
aH = (p+e) A8 [B— 27y F |

T (1-£(n)
| (e )

if e <eyy

if e > ey
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We can verify now that we have
UL <Urpg <Upnr <Unn

When ¢ < g5, we need to see if Z,Aﬁ = > 1, which is true since pﬁ pB = DASB — BAD.
Subsequently, we have Ugr, < Ugg.

When e > ¢, since (1 — &(7)) (Q — 6) < P+ ¢, we necessarily have Uy, < Uggy.

One can remark that types (HL) and (H H) informational rents are lower with an Independent
Board than without Board.
B (]3 — s) Ap
BAp + 2¢]

B__ 0 p
Ubriv < Ubiny (15(7))(p5)A5( [ (1-¢(7)) } )<

Blp+e) - (p—¢)]

= e [5- i

Since we have ¢;, < g, we only have three possible cases to consider for Ugp.

F] < B, which is true

BAp — EpAS BAp
(1 £)Aﬁ+f3 B8 Aﬁ+ﬁ B

e <0 > (BAp—EpAf) <Aﬁ+pﬁ—ﬁ> — (3Ap) ((1—5)A5+§,@—5) <0

Eib — Enb =

= AB[BAp—EpAS— (1 -¢€)BAp] — (pﬁ 5) (EpAB + BAp — BAp) <0

3 |

s ABE(BAp— pAB) — EpAB <p6 _ ﬁ) <0

A
— 55 (ppB — PPB — PPB + PPB — PPB + PpB) < 0

o A
p

p+p) (Bp—pB) <0

which is true since we have 5p — BB <0

1. When ¢ < e

(p—2)p(AB)°[1=&(r)B—&(F]  B(p—<)p(AB)
B(Ap + 2] [pB - pp] B1Ap + 2] [pB - pf]

sgn(Unpiv — Unmny) = sgn(—&(7) (B+F) (p—¢) (AB)?) <0

2. When ¢ <e <epp

Unuiv — Unnanb

S _ (pt+oAsB 4(15(52»}7} B (p—c)p(AB)*
HH B (e — (p—e)]  BlAp+2€] [pF - Bh]
sgn(Unmib — Unany) = sgn [(p-i- €) {B - 5( ] [pB—p8] — B (p—¢)pAB



Since B > [B - %F} we need to prove that (Q — 5) PASB > (p+¢) (QB - ﬁﬁ)

(p—e)pAB— (p+e)(pB—DB) = ppAB—ppB+DpB—c (PAB — Bp+pB)

rlosr—e(a0-352)

B+§) >0

Since € < g5, we have BAp — ¢ (Aﬁ —
3. When g, <gpp <e¢

hS{l[kS]

(5+2) A8 B - 5055 F |  BAB(+e)
Blp+e)—(p—e)] B[Ap + 2¢]

Since B > [B _ %F} we have Us i < Ui tmp -

Unwaiv — Unbnp =

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

When ¢ < g4,

B- 0 _F _
Wip = E(m) —w—wo — (1= 7)(1 = (7)) (p — )AB [ ﬂ(A(;_f;g | +(1- >p§Mﬁp
When ¢ > Eiby B
B__f0 _p
Win = B(r) —w w0 = (1 =)AG— 1 =00 | W1 - ) —2) + (1 - )P+ )]

Proof. We have to find for which values of 7, the contract is collusion proof and also prove that

this bound is between 1 and 7.

1. e <eyp
B - ateyF] E(r)v, PAS
Wep —Wer = —(1—=7)(1-¢&(7)(p—e)AB B(Ap+ 2¢) v(1=¢(m)+(1—v+ T)m
pAB | BAB(p—e¢)
+(1—7) V+(1_V>QB—§? B(Ap+22) >0 for all 7 € [1, 7]
with 79 = B%égﬁ for e < g4.
Indeed,
1-— —e)A 7}

Wop—tWop = 2950 ( v (=) P2 B (1= 6B ~ €] vt~ €(r) + (1 -

As, we have &(7)PP (1) = 1, this gives

KV +(1— wpgf;p) (B+F)+ VB]

(1-=7)(p—e)AB _
Worp — Werp = = AfS
cp T er B(Ap + 2¢) —v [B +F+ Bp} T
pAB
+v (B + F) e
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This polynomial in 7 with a positive second degree term has 2 positive roots. If those roots are
both lower than 7, then, Wep — Wep > 0 for all 7 € [1, 7] .

The lowest root is

2 -
pAB 2 pAS pAS _ )\ PAB
[perengs] o [prringe) v en g (vra-n @)@ en s

1= 2[<V+(1—V)%>(B+F)+VB]

we have

2

gy PR 2
pB—Bp

PAS PAS

pB—p5p) pB—Bp

—4y <B+F+B

PAS
pB — Bp

2
PAS pAS
4 — v 1—v)—= B+ F vB
(pﬁ—ﬁp) [( H )pﬁ—ﬁp)( o

which is true. Weop — Wep is therefore positive for all 7 € [1, 7] .

—4v (B + F)

>0

<u+(1—v) pM) (B +F)

pB— Bp

>0

The optimal contract is the collusion proof contract for € < gy,

2. ep < e<éem

[B - iy F }

B(Ap + 2¢)
G
pB — Bp

1= P+ (- v+ EDE4 o)

BAB(p — )
B(Ap + 2¢)

Wep —Wer = —(1-7)AB

+(1=7) v+ 1 -v) >0 for all T € [1, 7]

WithTQI%—I—lifEZEib.
Indeed,

(1-7)
Wep—Wer = M( v

As, we have ¢EP (1) = %, this gives
pAB (Pte) 3
[(1 V)pﬁ 5 (1-— y)(E )] Bt

A=nASp=9) | |- (v+1-nEE)B+wB+(v+(-vg) (B+F)| 7
B(Ap + 2¢) (1 — 1) [(Hl )p66> +2 +(+1 )) 4 ]

/—\

Wep—Wer =

v |B(1+E83) + 2 (B+F)|

+v(B+F) (1+ 23)
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We are now able to show that this degree 3 polynomial, denote it P(7), is negative for all

T € [1,70] . Indeed

37’23(1 _ V) |: PAB_ _ (p+€):|

dP(7) SR
T
5y +or [ <y +(1 V)p56p> B+2vB+ (1/ Y (1-v) (B_a)) (B + F)}
_ (p+)
vB (1+ &) +20(B+F)|

Moreover, as .
T (éﬁ(m — 2) —efTg -

E 2 g

PAS -
we have
2B(1 - v) ?Aﬂ — (P+e)
p3—pp (p—¢)
By [ PAE ) (TR =) = eBre) ey, (_PAS
™ V)<pﬂ—ﬁp PAB =TBOI B
and thus
37B(1—v) (W>
OP(r) ) v,
9 = +2r [— <u+ (1 —y)pgﬂ_gp> B+2vB+ (1 —y)ggfg (1o — 1) (B+F)] <0
—[vB1o+2v (B + F)]
s < vBty+2v(B+F)
(1/ +(1- mpgfép) B+vB+ (1/ +(1-v) ggjag) (B+F)
Moreover,
vBTo+2v (B +F) <
<u+(1 —u)pﬁ@p) B+vB+ (1/—1—(1 —u)gjg) (B+F)

Hence, 81;7(:) is negative for all 7 € [1,7¢].
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Finally, we will show that (Wep — Wer) (10) >0

(Wep —Wer) (10) 2 0 <=

(1 - A6 - [ =

)
B(Ap + 2¢)o {— (1/ +(1- >QZA§ ) B+2uB + ( +(1-v) g*g) (B + F)] 20

—[vBro+2v(B+ F)lto+v(B+ F)T1o
[(1 - y)% —(1=v) (10— 1)] Br?
= [_<y+(1_y)p§§gp>B+2uB+(u+(1—u)<To—1))(B+F)]To =0
—vBTog—v(B+F)
B(1—v) B2ro (10— 1) [;;ﬁgp— Ei*ii] -
+(1=v)ro(ro—1) F+v(ro—1)(B+F)

However, as

e < epp &=
BA PABp + [pB — Bp] p — pBAP
Phv oy ARV -Blpopite
pB—Pp [pB — 5P
we have, together with pASZ > BAp
PAB  (B+e)  BAp  (p+e)  PAPp+ [pB-Bplp—pBAP  (Bte)
pB-pp (—¢)  ps-pp (p—¢) [pB — Bp] (p —¢) (p—e) ~

As % — % >0, (Wep —Wer) (1) is thus positive and as 81;737) is negative for all 7 €

[1,70], Wop — Wep is therefore positive for all 7 € [1, 7¢] .

The optimal contract is the collusion proof contract for g;, < e < gpp.
B.ep<em=<ce

B - 2 F T)V
Wep=Wer = —(1-)asl 000 | 1= ePe-o)+ 1 -v+ @

+(1 =) [(p+¢e) — v(Ap + 2¢)] Q(AB;;A_E%) > 0 for all 7 € [1, 7]

with 79 = p+€ +1ife> ey,
Indeed,

1—7)(p—e)A
ch—chz( N(p—e)AB
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As, we have ¢¥P(7) = 1| this gives

[v(2B+F)+(1—v) (19— 1) F] 72
v[Bro+2(B+F)|T
+v(B+ F)1o

N(p —)AB

(1-
Wep = Wor = B(Ap +2¢) (1 — 1)

This polynomial in 7 with a positive second degree term has 2 positive roots. If those roots are
both lower than 7¢, then, Wep — Wep > 0 for all 7 € [1, 7] .

The lowest root is

V[BTO+2(B+F)]—\/1/2[B7'0+2(B—|—F)]2—41/(B+F)TO[V(2B+F)+(1—y)(To—l)F}
2W@2B+F)+(1—v)(ro—1) F]

T =
we have

T12To
<:>4T%[V<2B+F)+(l—l/)(TO—1)F]2—4VT0[BT0+(B+F)][V(2B+F)—|—(1—I/)(To—1)F] >0
= Arg(to— 1) [v(2B+F)+(1—v)(to— 1) F][v(B+F)+ (1 —v)1oF] >0

which is true. Weop — Wep is therefore positive for all 7 € [1, 7] .

The optimal contract is the collusion proof contract for ;; < e,p < e. ®

Proof of Lemma 1. Maximizing Wep(7) is equivalent to

When ¢ <&,
1 . _ (7'—1)(—5) <
GEl A PR T Tl R
Wen(T) = v(itT—1)r ~
R UL DU APV RS
Hr-0B-Fl |y -n B ity 2
When € > €,
S T T v(r—17(p—e) g
Wep(r) = e (T = 1) B - F] - 0)72 4+ )B4 o) fr<ro
(=) B-Fl[v(r = D)p—e) + (1= v)(p+e)] if 7 > 7o
When € <%,
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Iif r <7

v(r—1)*(p—e)

T—1)B—-F
H(=n) P r)pre | DB

<B
v(r = 1)%(p —e)
OWep(T) I (A =v) T +v) ([P +e)
or (r— 1)2 4

_ v(tr—1)2%(p—¢) e ) o
(B =)+ )P +e) (r—1)7r*+[(r—1)B-F][(1-v) (p+e)}>]
<B

_ (r—1)2 74

_[B+F](p+5)[(1_V)T3_V(T_1H>
(7‘—1)27'4
B [1/(7’ — 1)37-@ —)+1-)(r—1)(p+ €>]
F]

—[(t=1)B—=F|(p+e)vt(r—1)
<B
(7—1)274
+[B+F|@+ew(r-1)+@+e)(1—v)r3[(r—1)B—

—[(r—=1)B —F]

v(t —1)%*(p—e)
+H(1=v)T*+v)(D+¢)

v(T — 1)37(]3 —¢€)
+(1-v)7° (27— 1) (P +e)

(tr—1)7+[(r—1)B—-F|](p+e) [(1—V)T3—V(T—1)]>
+HB+F|(p+ew(r—1)-F@+e)(1-v)r

(T—1)27’4
< Blv(r—131(p—e) +2(1 —v)m (1 — 1) (B +¢)] )

pB—Bp

(7—1)27'4
fr<r<rg
Wep(r) 1 v(r =17
or = T UBEEN e P
5 v(it—1) . 5A8
Bt (=) 4 BAB +[(r—1)B - F] [1/7’ —v(r-1)1 —[(1—1/)7' —i—l/]ﬂ

B[VT4—|—V(T—1) 3 —|—V7’ 72 —1 pAB}

B—BP

=

pB—pp
+[B + F] [y(r—1)73+[(1—ur +v] 228 ] 3[B+ F]

,7_

B[V(T—U B 4ur(r?-1 gp]

+[B + F] |:V(T—1)T3+[(1—V)T4+V] Bp]—i— 3[(r—1)B - F]

76 -

IS \

s}
Q\
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Ifr>rp

OWep(T) _ [Br=(r-1)B+F] , s pAS
or T2 +a )gﬁ—ﬁﬁ
= [B:;F] VJr(ly)pﬁpA—ifp <0if >
When ¢ > %,
ifT§70
Wep(r) 1 B vir—1)?%(p—e)
or (771)72[( DB o +H(Q-v)2+ )P +e)
if 7> 7
’T(B[V(T—1)(p—e)+(1—u)(p+a)]+[(T—1)B—F]V(p—e))]
Wep(T) i —r=D)B-Fl[u(r-Dp—e)+ 1 -v)(B+e)]

or T
T[(r—=1)B—Flv(p—e¢)
|+ [B+F[vr-1)p-e)+Q-v)B+e)]

T

Proof. As Wep(7) is non increasing on each interval, we have to compare its value for the lower

bound of each interval®.
When ¢ <F,

Wep(Tmin) — Wep(T) =

1 v Tmin'_l 2
— |:B — F:| ( Tmin ) Sie
Tmin — 1 —|—(1—l/—|— 4 )p

T[2nin (p—€)

—
—

Wep(Tmin) — Wen(To) =

1 y(Lﬁ)? |: 1 :|
- B* F Tmin _ + B— F
[ Tmin — 1 ]{7%17/-1— a )m To—1

Tmin (8—6)

1 (T2
- [B‘ = 1F] [ (v )(F5h)2AL




When ¢ > &,

WeB(Tmin) — Wen(To) =

1 p(Tmin—1)2 [ 1 } [ 70— 1 (P+e)
—|B— ——— Tmin 7 + |B— F| |v +(1-v
|: Tmin — 1 :| +(1 — v+ 2V )gjg To — 1 ( To ) ( )<B - 5)

For each case, replacing Tmin, 70, 7 by 7, the value of those differences is negative. This means
that the first term is lower than the second one®. However, when the difference between the 7's
increases, the first term becomes higher than the second one. Thus, depending on the length of this
interval, we can find the optimal 7.

Let’s check what happens when the shareholders set F' optimally in order to maximize their
profits, i.e. such that [B — ﬁF} =K.

When ¢ <,

WeB(Tmin) — Wep(T) =

i S I V(T L
) o 4ozl pa | S
(1_V+ 12:1n)(p E) +(1 V+?V2)(T? )BB_gﬁ
VT2( Tinin — 2Tmin + 1) VTr2n1n(/7':2 —-27+1) <0
- p * T— DA >~
+H(1—v) T2, 7+ 7 )EZJ_FQ (A=) F2 v)r2 ?1)1%
~ R ~ 1\ A _
el I R (P =)
<:’> - +l//\2 (ﬁ+€) + Tmin ?_1 pAﬂf ; R — S 0
(=) “‘V(T)@ — T 4v
Moreover as
i 71, PAB (o)
Tm e T G s
pB-pp  (p—¢) L
We have
P 7-1, pA
2Tm1n/7:2_?2<(p+5) +1> +7'%nin (%)%_2?4‘1 <0
(B - E) T Bﬁ _ ﬁp

/-\

pte)

Using the fact that for 7 <7, we have 79 = =)

+ 1, this gives

/\

27—m1n7—2 - T To + 7—mm [TO - 2?] <0

SFor instance, for the case Wep (Tmin) — WeB(10) we have:

(1 —=v)(r = 1)pAB(p — )
(1-v)[pAB(p—¢) —

(L=v)T+ =)@ +e) [pB - 5D

e) [pB — 6p]]7 — (L =v)pAB(p — )7 — v(p +¢) [pB — 5]

)| PR @ 2y AR o)
pB—pp] (—2) [pB — Bp] (p—e)

This is a polynomial of degree with only one positive root which is lower than 7o (indeed, it is negative in 7¢)

_|_
—+
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%ﬂ' Using this, we can conclude

This polynomial in 7, has 2 roots : Tmin = 7 and Tmin = o

that it is therefore negative for all Ty, < 7.

WeB(Tmin) — Wes(To)

V(Tr;_‘in,il)Q V(T(q)—gl)2
== L e | T 01y _PAS
+Hl-v+ 5 || +1 =55 55
vrl (T?nin — 2T min + 1) VT?nin(T% — 279+ 1)
T +((1 —v) 72, 72+V72)@ + +(1—-v)712, (12 —70) pAS_
min’ 0 0 (B—g) min\’0 Bﬁfép

) V(’T% — 279+ 1)

—vr2— (1 -v)78 (p+e) + 20T T min — VTR ((p +e) + 1) <0

R ERIC B P (=) (=)
ZA ZA _ _
Tfnm <V—TO [(1—1/) pg—ﬁﬁp_{—QV +(1—V)7'3 (pﬂp—ﬁﬁp — Eijg)) +21/T%Tmin_V’Tg (Ezjg —l—l) <0
2 PAp P+e)) 2 o ((p+e) 2 - PAS
TS ((1—1/) (pﬂ—ﬁp_(p—@)ﬂnin_’_zm—mm l/((p_g)‘l-l)) Thin [(1 V)Bg_éﬁ-i-QV To+v <0

The coefficient of the degree 2 term is negative for low values of T,y and positive for high values

*

of Tmin. Indeed, it is a degree 2 polynomial in Ty, with only a positive root, 77 . which is lower

than 7 :

pA (p+e) \ ((B+e)
—2v + \/4y2 +4v (1 —-v) (pggp - (§_§)> (gg_; + 1) ( AG )
To =

< Z
pAB  (pte) N pB — D
2(1-v) <pB—Bp — (p_8)> L, P

4y(1_y)( pAS _(p+e)> (2 PAS _(p+e)_1>+4(1_y)2< PAS >2< PAS _(p+g)>22

pB—pBp (p—¢) pB—pp (p—¢) pB—p pB—pBp (p—¢9)

When Tmin < 75, Wen(Tmin) — Wen(7o) is a concave second degree polynomial in 7o with only
one positive root. As it is negative for 79 = Tmin, WeB(Tmin) — Wep(70) < 0 for all 79 > Tmin.
When Tmin > 75, WeoB(Tmin) — Wep(70) is a convex second degree polynomial in 79 with two

positive roots (denote teh highest root 7p). As it is negative for 79 = Tmin, WoB(Tmin) —WeB(T0) <
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0 for all Tmin < 79 <79 and Wep(Tmin) — Wen(1o) > 0 for all 7o > 7o.

Wes(T) — Wes(To)

v(7)? v(7h)?

- vyi=1y pas | T To-1\ DAB

+(1—I/+T2)<T)p%_@ +(1 )(T)B%f@*’

_ 1/7'%(7‘2—2/7:—{—1) vT (T(2)—2T0+1)

T +73((1 = )72 4+ v) gtg " +(1 = v)72(r5 - TO)Q%éZTD
ol | PAB e o B | |2 A 72
m[« ! pB—pp (P—¢) Ve (p—e) ) wTﬂﬁ—@{%yT e
R PA P+ PA 2

When the degree 2 coefficient of this polynomial is positive, there is only one positive root and
as it is negative for 7 = 79, Weop(7T) — Wep(10) < 0 for all 7 < 7y.

However, when this degree 2 coefficient is negative, there is two positive roots. As Wep(T) —
Wep(to) < 0 for 7 = 79, and 8(WCB(?)8;WCB(TO)) (10) > 0, we also have Wep(T) — Wep(to) < 0
for all 7 < 7g.

When ¢ > &,

Wep(Tmin) — Wes(1o) <0

Tmin — Lo v (p+e) 70— 1
<= — <0
|:V( T min ) * 7—12nin (]3 - 6) * V( To ) o

<~ —T9 (T?mn — 2T min + 1) — 7'(2) + 704+ 72,(To—1)<0

<= 270Tmin — 7’% —72..<0

min

2
¢:{T°]—2TO+120

Tmin Tmin

We therefore have Weop(Tmin) < Weop(mo) when e > 2. m
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