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Abstract

I examine the design of board compensation in a setting in which shareholders delegate

to the board the tasks of monitoring managers and setting managerial pay. While

high performance-based board compensation induces the board to monitor the firm

and to properly design managerial compensation, it also provides the board with

incentives to misreport managerial risk-seeking activities and to engage in collusive

behavior with the manager at the expense of shareholders. From this trade-off, I

develop a number of testable hypotheses and take them to data. Consistent with the

model’s implications, I find that firms in which (i) managerial risk-seeking activities

are more likely to occur (e.g., high R&D firms or banks), (ii) board monitoring costs

are likely to be lower (e.g., firms that have non-officer blockholders on the board)

and (iii) their projects can exhibit a large variability in quality (e.g., larger or more

diversified firms) tend to award higher pay-for-performance compensation to their

managers and lower pay-for-performance compensation to their boards.



1 Introduction

Since Jensen and Meckling [1976] financial economists have focused on agency con-

flicts between the shareholders and the manager of the corporation and have ana-

lyzed a number of mechanisms that shareholders can employ to mitigate these con-

flicts. Among these mechanisms, managerial compensation and board monitoring

have been considered essential to reducing these conflicts. Specifically, the standard

view in the literature is that the misalignment of incentives between managers and

shareholders can be reduced by either adequately designing managerial compensation

or alternatively by delegating managerial monitoring to the board of directors.1

While the literature has extensively analyzed the effectiveness of these two alter-

nate mechanisms in isolation, this paper departs from the literature by considering

the two mechanisms jointly, and in particular, by incorporating two key features of the

relationships between shareholders, boards and managers. First, I consider a setting

in which shareholders delegate to the board the tasks of managerial monitoring and

the design of managerial compensation. Second, I model the board’s agency problems

in performing these tasks and solve for the board compensation that maximizes share-

holder value.2 By considering a setting in which managerial and board incentives are

endogenously determined, I can investigate a number of empirical issues related to

board and managerial compensation.

In practice, board compensation has recently exhibited wide variation in its struc-

ture across firms. For instance, in 2006 Coca-Cola Co. abandoned the use of non-

contingent compensation for outside directors and instead started awarding them

1See Frydman and Jenter [2010] and Adams et al. [2010] for surveys of recent research on man-
agerial compensation and board of directors, respectively.

2Bebchuk and Fried [2004] highlights the practical importance of board agency conflicts, partic-
ularly, in the design of managerial compensation.
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performance-based compensation related to earnings-per-share growth. In the same

year, IBM moved in the opposite direction by abandoning option grants to outside

directors and reinstating a non-contingent annual compensation of $200,000. These

contrasting decisions suggest that a trade-off exists in the use of pay-for-performance

board compensation. In this analysis, I examine this trade-off by considering how a

board compensation structure influences the board’s functions within the corporation

which, as established by the literature (e.g., Adams et al. 2010), are associated with

the monitoring of managerial activities and the design of managerial pay.

Intuitively, the main trade-off in the structure of board compensation is that

while high pay-for-performance compensation provides the board with incentives to

properly design managerial compensation, it also diminishes the board’s incentives to

monitor and report unproductive managerial risk-shifting activities. As I show, these

competing incentives related to the board’s two monitoring functions suggest that the

cross-sectional variations in managerial and board pay-for-performance compensation

are not mutually independent of one another and that further insight can be gained

by analyzing them in tandem.

To formally analyze the double incentive provision problem for managers and

boards, I consider a firm that operates a project whose quality is private information

to the manager in charge and whose success depends on a specific set of managerial

actions. These managerial actions fall into two categories: (i) costly managerial

actions (e.g., operational choices that require managerial effort) which enhance the

firm’s value without affecting the risk of its cash-flows and (ii) costless managerial

risk-seeking activities (e.g., financial speculation or over-investment in risky activities)

which increase the risk of the firm’s cash flows without affecting the firm value.

I model the board as a single agent who can acquire information about the
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project’s quality at some cost, and can also observe managerial risk-seeking activities.

Since optimal managerial actions depend on the project’s quality, it may appear opti-

mal to delegate to the board the authorities to monitor the manager and to fine tune

managerial compensation. This conclusion, however, is not necessarily correct since

shareholders, who do not observe the board’s information, can only rely on the design

of board compensation to influence the board’s behavior. As it turns out, depending

on parameters related to the nature of the managerial and board agency problems,

several optimal governance arrangements are possible. In some of these governance

arrangements, shareholders rely on more intense board monitoring and managerial

compensation is delegated to the board. In other arrangements shareholders choose

less reliance on board monitoring. Each of these arrangements corresponds with an

optimal compensation structure for the board and the manager. Therefore, the model

analysis gives rise to a number of empirical predictions which link the joint compen-

sation structure to the parameters that characterize the nature of managerial and

board agency problems.

First, my analysis proposes a test that considers how the combined use of pay-

for-performance for boards and managers is affected by the managerial ability to

engage in risk-seeking activities. Specifically, in the absence of agency conflicts re-

garding risk-seeking activities, the optimal compensation structure exhibits a high

pay-for-performance sensitivity in both managerial and board compensation. This

result aligns with the intuition that high pay-for-performance board compensation

provides the board with incentives to fine-tune the design of managerial compen-

sation by monitoring the project’s quality. However, when the manager can easily

engage in risk-seeking activities, awarding high pay-for-performance compensation to

both managers and boards can produce undesirable effects since such a compensa-
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tion structure would prompt the manager to engage in risk-seeking activities while

simultaneously reducing the board’s incentive to disclose the manager’s engagement

in risk-seeking activities to shareholders. To test this prediction, I examine whether

firms reduce the combined use of high pay-for-performance compensation to both

managers and boards as the managerial ability to engage in risk-seeking activities

increases.

Second, this model proposes that the size of the board’s monitoring costs is a key

determinant of the optimal joint compensation structure. Specifically, when monitor-

ing costs are low, boards do not require high pay-for-performance compensation to

tailor managerial compensation by acquiring information about the project’s quality.

Thus, as board monitoring costs decrease, shareholders will use reduced pay-for-

performance board compensation while inducing the board to grant high pay-for-

performance to the manager.

Finally, the model analysis also suggests that when a firm’s project exhibits a large

variability in quality, it becomes likely that low pay-for-performance board compensa-

tion is optimal. Intuitively, even with low pay-for-performance compensation, boards

find it costly to design managerial compensation without acquiring information about

the project’s quality (i.e., to award low pay-for-performance compensation to the man-

ager in charge of a high-quality project or vice versa). Therefore, in these conditions

the optimal compensation structure simultaneously grants low pay-for-performance

compensation to boards and high pay-for-performance to managers.

To test the empirical predictions provided by the model analysis, I analyze S&P

1500 companies in the years 1996-2005 and use R&D firms and banks as proxies

for high managerial risk-shifting ability, outside directors’ ownership as a proxy for

board monitoring costs and business complexity measures (i.e., firm size and the
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number of business segments) as proxies for the project’s variability in their quality.

To empirically measure the combined use of pay-for-performance compensation for

managers and boards, I consider information on option grants. Specifically, I classify

the sample firm years into four groups, namely, (high-high, high-low, low-high, low-

low), which correspond to the magnitudes of manager-board pay-for-performance

sensitivities. Then, I estimate the effect of the determinants on the joint compensation

structure using the multinomial logit regressions.

The main empirical findings are as follows. First, after controlling for common

determinants (e.g., Yermack 1995), I find that when the manager has opportunities

to substantially shift the firm’s risks, the combined compensation structure exhibits

high pay-for-performance for managers and low pay-for-performance for boards. Rel-

ative to other firms, R&D firms show around 6% higher odds of awarding options

only to managers. Second, firms in which non-officer blockholders sit on the board

are also more likely to award high pay-for-performance compensation to managers

and low pay-for-performance compensation to boards. Specifically, the presence of

blockholders on the board leads to 5% higher likelihood of awarding stock options to

managers alone. Finally, I also find that business complexity is positively related to

the simultaneous award of high managerial and low board pay-for-performance but

it is negatively related to awarding high pay-for-performance to both simultaneously.

With all other factors being equal, an additional business segment is associated with

a 2% increase in the likelihood of awarding option plans only to the manager.

This study is related to several branches of the corporate governance literature.

First, my model contributes to the theoretical literature on corporate governance that

considers the interaction between managerial pay and boards. Previous studies have

shown that managerial pay is affected by the degree of influence that a manager has
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on the board (i.e., the board structure) and they have considered the optimal board

structure when managerial pay is endogenous.3 As shown above, by incorporating

board agency conflicts and the board’s role in the design of managerial pay into the

analysis, my study generates a number of cross-sectional implications between firm

characteristics and the joint nature of managerial and board compensation.

In addition, my empirical findings offer new evidence on the determinants of board

compensation.4 Previous empirical studies have found a substantial variation in board

incentives and have reported a number of determinants of board incentive compensa-

tion. For instance, Yermack [2004] shows that, on average, board compensation ex-

hibits a considerable pay-for-performance sensitivity while Ryan and Wiggins [2004]

finds that board compensation is related to the firm’s internal governance. In this

study I propose and test for other important determinants of board compensation

and their relationship to managerial pay.

Finally this paper also contributes to the literature on managerial compensation

and in particular re-examines how the convexity of managerial compensation affects

managerial risk-taking behavior.5 While agency theory tends to predict that con-

vex managerial compensation leads to risk-seeking corporate policies, the previous

empirical studies have led to inconclusive results. My analysis provides a possible

explanation for these inconclusive results. Specifically, while highly convex manage-

rial compensation may certainly induce managers to engage in risk-seeking activities,

these activities only occur when the board also receives a convex compensation struc-

3See, e.g., Almazan and Suarez [2003] and Kadan and Swinkels [2008].
4See e.g., Ryan and Wiggins [2004], Yermack [2004], Fich and Shivdasani [2005], Adams and

Ferreira [2008], and Kadan and Swinkels [2008] among others.
5See, e.g., Coles et al. [2006], Chava and Purnanandam [2010], and Hayes et al. [2012] for the pa-

pers that have empirically investigated how managerial compensation affects risk-taking managerial
behavior.

6



ture and allows these activities to materialize. Thus, my analysis suggests that em-

pirical studies should include measures of board compensation convexity when testing

the effects of managerial compensation on risk-seeking corporate behavior.

The paper is organized as follows. Section 2 describes the model. Sections 3 and

4 solve the model. Section 5 discusses the results of the model analysis and develops

empirical predictions which I take to data in the second part of this paper. Section

6 describes the data. Section 7 presents the empirical results. Finally, section 8

discusses concluding remarks.

2 The model

I consider an all-equity firm that operates in a risk-neutral economy where the market

rate of return is normalized to zero. The firm is run by a manager who has no wealth,

is protected by limited liability and has a zero reservation utility. There is also a

board of directors (the board, hereafter) that can monitor the manager and to whom

the design of managerial compensation is delegated. To focus the analysis exclusively

on the board’s incentives and compensation, I model it as a risk-neutral single agent,

protected by limited liability and with zero wealth and zero reservation utility.6

In line with previous literature (e.g., Faure-Grimaud et al. 2003), I consider a firm

organized as a two tier hierarchy: in the first tier (i.e., the shareholder-board tier)

shareholders communicate and contract with the board and in the second tier (i.e.,

the board-manager tier), the board subsequently communicates and contracts with

the manager.7 In this setting I solve for the optimal contracting choices made by the

6This modelling choice abstracts from issues related to board composition. See Adams et al.
[2010] for a recent literature review on board composition.

7Faure-Grimaud et al. [2003] also examines a two-tier hierarchy with decentralized contracting
structure in which the principal contracts exclusively with an intermediary who is delegated the
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shareholders and the board and then consider the implications that emanate from

them.

2.1 Firm project and managerial actions

The firm’s assets consist of a project that yields a random terminal cash flow r̃ =

{rd, rm, ru}, where rm = ru+rd

2
and 0 < rd < ru and whose probability distribution is

affected by (i) a project’s productivity type θ ∈ {θl, θh}, where 0 < θl < θh <
1
3

and

prob(θ = θh) = p, and (ii) two managerial actions e and ∆ described below.

Specifically, the project’s cash-flow distribution is as follows:

r̃ =


ru with prob. 1

3
+ θe+ ∆

rm with prob. 1
3
− 2∆

rd with prob. 1
3
− θe+ ∆,

. (1)

I refer to e ∈ [0, 1] as “managerial effort” which is privately costly to the manager

c(e) =
1

2
γme

2. (2)

As shown in (1), relative to e = 0 which is the minimum effort choice, e > 0 increases

the likelihood of ru at the expense of rd and thus increases the firm’s expected cash-

flow by θ(ru − rd)e. Furthermore, I refer to ∆ ∈ {∆0,∆s} (where 0 = ∆0 < ∆s <
1
6
)

as the managerial “risk choice” which is costless to the manager. Relative to ∆0, the

risk choice ∆s is a mean-preserving spread which increases the likelihood of extreme

cash flows ru and rd at the expense of the moderate cash flow rm.8

authority to contract with the agent.
8The possibility of costless risk-management choices allows me to consider a particularly relevant

case namely the case in which a manager can make financial transactions on behalf of their firms. Net
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2.2 Managerial private information and board monitoring

The manager has private information about the project’s type θ and takes hidden

actions e and ∆. I assume that shareholders cannot observe any of the managerial

information, but the board can monitor and obtain information about the project’s

type and the managerial actions. In particular, in this setting the board monitoring

technologies with respect to θ, e and ∆ differ in their required monitoring costs (which

reflects the level of difficulty that the board encounters in monitoring each type of

information) and in the feasibility of producing hard evidence about the acquired

information (which reflects the possibility to translate each type of information into

a verifiable report).

Relative to the board monitoring costs, I assume that the board cannot observe

e at any cost (i.e., the board cannot measure the managerial effort choice) but it can

privately observe the project’s type θ by incurring a private cost γb and also privately

observe the manager’s choice of ∆ at no cost. The assumption of the board’s ability

to observe managerial risk choices is consistent with regulations such as the Sarbanes-

Oxley Act which authorize the board to review the firm’s risk-management strategy

and to discuss it with management.9

With regard to the production of hard evidence, I assume that the board produces

none when monitoring θ and that, by contrast, produces some publicly observable

hard evidence after monitoring the risk choice ∆. This distinction is consistent with

the insight that information about project quality is likely to be soft and thus unver-

ifiable by third parties, while managerial risk choices have a quantitative dimension

of transaction costs, financial transactions are ex-ante zero NPV transactions that affect cash-flow
risk without altering the its value. In this sense, this analysis can be interpreted as an analysis of the
provision of managerial and board incentives when a manager can engage in financial speculation.

9Géczy et al. [2007] finds that management regularly reports to the board about the firm’s
(speculative) derivative transactions.
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that can be communicated to third parties in the form of verifiable reports (e.g.,

financial statements).10

Technically, I assume that θ can only be reported via board announcements θ̂b to

the shareholders while after observing ∆ = {∆0,∆s} the board produces verifiable

hard evidence ∆̂ = {∆̂0, ∆̂s} which is however subject to the following agency conflict.

When the manager chooses ∆s, the board may report otherwise (i.e., the board can

either report ∆̂0 or ∆̂s) but when the manager chooses ∆0, the board truthfully

reports it (i.e., the board can only report ∆̂0). In other words, ∆̂s is always truthful

evidence of the manager’s choice of ∆s while ∆̂0 does not necessarily reveal the

managerial choice of ∆0.11

For the future reference I refer to (∆̂z, θ̂z) ∈ {∆0,∆s} × {θ̄, θl, θh} as the board’s

information status relative to ∆ and θ where ∆j (j = 0, s) corresponds to the case

in which the board observes the manager’s risk choice and θi (i = l, h) to the case

in which the board monitors and observes the project’s type θi and θ̄ to the case in

which the board does not monitor θ.

In summary, as is common in the delegation literature (e.g., Tirole 1986) I ana-

lyze a nested informational structure in which the manager’s information set is a finer

partition of the board’s information set which in turn is a finer partition of the infor-

mation set of shareholders. In the shareholder-board tier, shareholders do not observe

either the board’s information (θ̂z, ∆̂z) or whether the board forges the evidence ∆̂

and in the board-manager tier, the board can monitor to learn θ and ∆ (but not e)

10For instance, in the financial statements each of derivative transactions is explicitly classified
into either hedging or speculative investments.

11Since ∆s corresponds to the case in which the manager takes an action that will be detrimental to
shareholder value, the board’s inability to forge the evidence ∆̂s allows me to rule out the impractical
case in which boards incriminate managers by producing a false evidence of managerial misbehavior.
This modelling choice is typically considered in the delegation literature (e.g., Tirole 1986) to capture
agency conflicts in the production of information supervisors.
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while the manager observes (θ̂z, ∆̂z) i.e., the board’s information status.12

2.3 Collusion, communication and contracts

The analysis solves for the design of the optimal managerial and board compensation

in a sequential contracting framework. As discussed below, the analysis takes into

account the aspect that communication is limited to parties within tiers and thus

that some contracts are unfeasible due to limited communication. Within this set-

ting, I consider the design of the optimal board compensation by shareholders within

the shareholder-board tier, and, then, the subsequent design of optimal managerial

compensation by the board within the board-manager tier.

An important element of the analysis is the possibility that the manager and the

board can collude to obtain additional rents at the expense of the shareholders. As

in Tirole [1986] collusion is modelled by assuming that the board can pre-commit

to produce a certain report about the managerial choice of ∆s before the manager

actually chooses ∆.13 Formally, I denote the board’s commitment as φ ∈ {t, f}, where

φ = t corresponds to truthfully reporting ∆̂s and φ = f to falsely reporting ∆̂0.14 I

assume that shareholders do not observe φ which, as shown below, implies that the

possibility of board-manager collusion crucially affects the design of the compensation

contracts.

In this setting feasible contracts are limited by the availability of information

and by inability to communicate with parties in different tiers. Specifically, feasible

12Strictly speaking, not all information structure is nested in this analysis since, as shown below,
the manager does not observe the board’s messages sent to shareholders.

13This resembles the framework in Tirole [1986] in which a supervisor and an agent can collude at
the expense of the principal. As in that framework I assume that this commitment is self-enforceable,
i.e, that can be implemented without the assistance of a third-party enforcing it.

14The board reporting action after managers choose ∆ = ∆0 is by assumption ∆̂0, i.e., the board
cannot forge the report when the manager chooses ∆0.
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contracts can be written on: (i) the hard information produced by the board’s report

∆̂ and (ii) the messages sent by the manager (to the board) and by the board (to

the shareholders) relative to the soft private information that they may have. In

particular, the manager sends to the board a message θ̂m ∈ {θml , θmh } relative to θ

while the board sends a message to shareholders µb = (θ̂b, θ̂
m
b ), where θ̂b ∈ {θbl , θbh, θ̄b}

corresponds to the message about its information θ̂z and θ̂mb ∈ {θ̂bl , θ̂bh} to the message

about the manager’s message θ̂m.15 In line with the delegation literature, I assume

that these messages are observed by the two parties within each tier but cannot be

observed by the party outside a tier.16 In other words, shareholders and the manager

who are not in direct communication with each other do not observe θ̂m and (θ̂b, θ̂
m
b ),

respectively.

Formally, feasible contractual arrangements in each tier are as follow.17 First,

within the board-manager tier the board commits to φ(θ̂m) and offers a managerial

compensation contract wm(θ̂m, ∆̂, r̃) which, for convenience, can be rewritten as:

wm(θ̂m, ∆̂, r̃) =
(
um(θ̂m, ∆̂),mm(v), dm(θ̂m, ∆̂)

)
, (3)

where km(.) (k = u,m, d) corresponds to the managerial pay for the realized cash

flow rk.

Second, within the shareholder-board tier shareholders design the board compen-

15By the “generalized revelation principle” (Myerson 1982), the restrictions of the manager and
board message spaces are without loss of generality. The board also observes the manager’s choice
of ∆ and therefore can communicate about it with shareholders. As it turns out, considering the
board’s message about ∆ does not affect the results since the managerial compensation which induces
the manager’s choice of ∆ cannot be written upon the board’s message to shareholders.

16Other studies in the delegation literature (e.g., Baliga and Sjöström 1998 and Faure-Grimaud
et al. 2003) also consider a setting in which parties can write contracts contingent on messages sent
to each other within a tier but not on messages sent by parties in other tiers.

17To facilitate the presentation I describe these arrangements in the reverse order of their actual
contracting sequence.

12



sation contract with limited information about the managerial compensation contract

offered by the board. In particular I assume that while the board offers a menu of

contracts to the manager, shareholders can observe only the specific part of the menu

chosen by the manager and cannot observe other elements in the menu offered to

the manager. This assumption, which is consistent with the premise that a party

has limited information about contracts made outside its own tier, allows the model

to capture in a simple way the trade-off that shareholders face when they delegate

managerial compensation to the board.18 While by delegating the task to a better

informed party (i.e., the board) shareholders can use the board’s information in the

design of managerial compensation, they cannot take full advantage of the board’s in-

formation since they have only limited access to relevant aspects about the pay-setting

process.

Formally, within the shareholders-board tier shareholders design the board pay wb

as a function of observables (θ̂b, θ̂
m
b , ∆̂, r̃, σm), where σm corresponds to the part of

the menu of managerial compensation observed by shareholders, namely, the man-

agerial choice within the menu of contracts. In particular, when the board offers

the manager [wm(θ̂m, ∆̂, r̃), φ(θ̂m)] and the manager subsequently chooses (θ̂∗m,∆
∗) ∈

({θml , θmh }, {∆0,∆s}), shareholders observe

σm = wm(θ̂∗m, ∆̂
∗, r̃) = (um(θ̂∗m, ∆̂

∗),mm(θ̂∗m, ∆̂
∗), dm(θ̂∗m, ∆̂

∗)),

where ∆̂∗ ∈ {∆̂0, ∆̂s} is the board’s report ∆̂ that corresponds to φ(θ̂∗m) and ∆∗.

18This is also in line with the observation made in Bebchuk and Fried [2004] who document a
number of examples in which boards resort to hard-to-observe (i.e., “camouflage”) compensation for
managers.
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Analogously to (3), wb can be written as:

wb(θ̂b, θ̂
m
b , ∆̂, r̃, σm) = {ub(θ̂b, θ̂mb , ∆̂, σm),mb(θ̂b, θ̂

m
b , ∆̂, σm), db(θ̂b, θ̂

m
b , ∆̂, σm)}, (4)

where kb(.) (k = u,m, d) corresponds to the board pay for the realized cash flow

rk. To alleviate the notation, in what follows I will refer to the menus of contracts

wm(θ̂m, ∆̂, r̃) and wb(θ̂b, θ̂
m
b , ∆̂, r̃, σm) as wm and wb when no confusion arises.

2.4 Sequence of events

The sequence of events unfolds as follows. At t = 0, shareholders offer wb to the

board. At t = 1, the board monitors θ, offers the compensation contract wm and

commits to report φ. At t = 2, the manager chooses e and ∆ and sends a message

θ̂m to the board. At t = 3, the board reports (θ̂b, θ̂
m
b , ∆̂) to the shareholders who,

in turn, observe σm. At t = 4, the firm’s cash flows are realized and contracts are

enforced.

S offers wb

t=0

B monitors θ,

B offers (wm, φ) to M

t=1

M chooses (e,∆),

M sends θ̂m to B

t=2

B reports (θ̂b, θ̂
m
b , ∆̂) to S

S observe σm

t=3

r̃ realized

t=4

Figure 1. Sequence of events

The analysis of the model can be simplified by solving for the optimal compen-

sation and actions in two mutually exclusive cases that differ on whether or not the

board monitors and acquires information on θ. Specifically, in the uninformed board

case, the board designs managerial compensation without monitoring θ while in the

informed board case, the board optimally chooses to monitor θ before designing the
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managerial compensation.19 While most of the interesting comparative statics arises

in the analysis of the informed board case, the analysis of the uninformed board

case provides a natural benchmark. Thus, in Section 3 I first solve for the optimal

compensation and actions when the board is uninformed and compare them with the

informed board case analyzed in Section 4.

Solving the model requires to obtain the managerial and board compensation and

to characterize the associated managerial and board choices induced by the compen-

sation contracts. Technically, the model features a sequence of three optimization

problems in which: (i) shareholders solve for the optimal board compensation w∗b to

affect the board’s incentives to design managerial compensation and to monitor θ and

∆; (ii) the board, in turn, solves for the optimal managerial compensation w∗m and

disclosure commitment φ∗ taking into account how they affect the managerial choices

of (θ̂m, e,∆); and (iii) the manager chooses (θ̂∗m, e
∗,∆∗) that maximizes his expected

utility.

3 Model analysis (I): Uninformed board

The uninformed board case corresponds to the case in which shareholders set board

compensation wUb to induce the board to choose (wUm, φ
U) without learning θ. For-

mally, solving this model requires to consider a sequence of two mechanism design

problems, one in each organizational tier. In the board-manager tier, the board

chooses (wUm, φ
U) to provide incentives to the manager who is privately informed

about θ and will take two hidden actions (e,∆). In the shareholders-board tier, share-

holders design wUb for the board who can observe the managerial choice of ∆ and

19This is without loss of generality. Considering the possibility of a mixed monitoring strategy in
which the board incurs γb with probability q ∈ (0, 1) does not change the results.
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communicates with the manager to receive information about θ. In what follows, I

denote the sequence of optimal mechanisms chosen by shareholders and the board as

MU∗ = {wU∗b , (wU∗m , φU∗)}.

By virtue of the generalized revelation principle (Myerson [1982]), MU∗ belongs

to the set of truth-telling mechanisms in which: (i) in the board-manager tier the

manager sends a message to the board θ̂m ∈ {θml , θmh } which truthfully reveals θ and

(ii) in the shareholders-board tier the board sends a message to shareholders θ̂mb ∈

{θ̂bl , θ̂bh} which truthfully reveals the manager’s message θ̂m.20 Thus, the shareholders’

problem can formally stated as follows:

max
wb

pVs

(
wb | θ̂bh

)
+ (1− p)Vs

(
wb | θ̂bl

)
(5)

subject to

(θ̂h
∗
b , θ̂

l∗
b , w

∗
m, φ

∗) = argmax
θ̂hb ,θ̂

l
b,wm,φ

pVb

(
θ̂hb , wm, φ | θmh , wb

)
+ (1− p)Vb

(
θ̂lb, wm, φ | θml , wb

)
(5.1)

subject to

(θ̂im, e
i,∆i) = argmax

θ̂m,e,∆

Vm(θ̂m, e,∆ | θi, wm, φ) for i = h, l (5.1.a)

θ̂im = θmi for i = h, l (5.1.b)

um(θ̂m, ∆̂) ≥ mm(θ̂m, ∆̂) ≥ dm(θ̂m, ∆̂) ≥ 0, (5.1.c)

θ̂i
∗
b = θ̂bi for i = h, l (5.2)

ub(θ̂
m
b , ∆̂, σm) ≥ mb(θ̂

m
b , ∆̂, σm) ≥ db(θ̂mb , ∆̂, σm) ≥ 0 (5.3)

20Without loss of generality I omit the board’s message about its information status relative to
the monitoring decision (i.e., θ̂z = θ̄) since shareholders can infer that the board optimally remains
uninformed about θ.
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where, for i = h, l,

Vm

(
θ̂m, e,∆ | θi, wm, φ

)
=

(
1

3
+ θie+ ∆

)
um(θ̂m, ∆̂) +

(
1

3
− 2∆

)
mm(θ̂m, ∆̂)

+

(
1

3
− θie+ ∆

)
dm(θ̂m, ∆̂)− γme

2

2
, (6)

for ∆̂ =


∆̂s if ∆ = ∆s and φ(θmi ) = t

∆̂0 otherwise,

Vb

(
θ̂ib, wm, φ | θmi , wb

)
=

(
1

3
+ θie

i + ∆i

)
ub

(
θ̂ib, ∆̂, σm

)
+

(
1

3
− 2∆i

)
mb

(
θ̂ib, ∆̂, σm

)
+

(
1

3
− θiei + ∆i

)
db

(
θ̂ib, ∆̂, σm

)
(7)

and

Vs

(
wb | θ̂bi

)
=

(
1

3
+ θie

i + ∆i

)
[ru − ub

(
θ̂bi , ∆̂, σm

)
− um(θmi , ∆̂)]

+

(
1

3
− 2∆i

)
[rm −mb

(
θ̂bi , ∆̂, σm

)
−mm(θmi , ∆̂)]

+

(
1

3
− θiei + ∆i

)
[rd − db

(
θ̂bi , ∆̂, σm

)
− dm(θmi , ∆̂)]. (8)

for σm = wm(θmi , ∆̂, r̃) and ∆̂ =


∆̂s if ∆i = ∆s and φ(θmi ) = t

∆̂0 otherwise.

Constraints (5.1)-(5.1.c) are the board’s incentive compatibility constraints rela-

tive to its choice of messages, managerial compensation and disclosure commitment
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(θ̂hb , θ̂
l
b, wm, φ), respectively. In particular, the board’s choice of (θ̂hb , θ̂

l
b, wm, φ) maxi-

mizes its expected compensation taking into account managerial incentives. Specifi-

cally, (5.1.a) ensures that the manager’s choices of message and actions (θ̂m, e,∆) are

incentive compatible, (5.1.b) imposes truth-telling on managerial messages and (5.1.c)

states that managerial compensation contracts must be a non-decreasing function of

firm output and subject to managerial limited liability. Constraint (5.2) corresponds

to the board’s truth-telling constraints and (5.3) states that board compensation con-

tracts must also be a non-decreasing function of firm output and subject to limited

liability.

The following lemma states the optimal compensation of the uninformed board:

Lemma 3.1. The optimal compensation for uninformed board is wU∗b (θ̂mb , ∆̂, σm, r̃) =

(0, 0, 0) for any (θ̂mb , ∆̂, σm).

Lemma 3.1 states that the uninformed board pay is independent of the firm’s cash

flows r̃. This feature, which greatly simplifies the analysis, implies that to the extent

that shareholders do not want to induce board monitoring on θ, the board will act as

a surrogate of the shareholders and will not be exposed to any other agency problem.

In particular, the board will truthfully report θ̂m, make a commitment φU∗(θ̂m) = t

and offer the managerial compensation wU∗m most desired by shareholders.21 Lemma

3.1 also implies that the sequence of mechanism design problems that characterizes

the shareholders’ problem can be rewritten as a simple mechanism design problem.

21While in this solution the board is indifferent in communicating its private information to share-
holders, it is immediate to obtain a scheme in which the board strictly prefers such communications.

For instance, wU∗b (θ̂mb , ∆̂0, σ
h
m) =


{ε, ε2 , 0} if (θ̂mb , ∆̂, σm) = (θ̂bh, ∆̂0, σ

h
m)

{ε′ , ε′ , ε′} if (θ̂mb , ∆̂, σm) = (θ̂bl , ∆̂0, σ
l
m)

{0, 0, 0} otherwise,

for ε, ε′ ' 0 where σjm (j = h, l) corresponds to the managerial compensation that shareholders
desire to offer to the manager who reports θmj .
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In particular, this simpler problem can be described as one in which shareholders

(who can observe ∆) designs managerial compensation

w′m(θ̂m, r̃) = {u′m(θ̂m),m′m(θ̂m), d′m(θ̂m)}

and commits to impose a risk choice ∆(θ̂m) ∈ {∆0,∆s} as a function of the manager’s

message θ̂m. Formally, the shareholders’ problem can be rewritten as:

max
w′m,∆

pVs

(
w
′
m,∆ | θmh

)
+ (1− p)Vs

(
w
′
m,∆ | θml

)
(9)

subject to

(θ̂im, e
i) = argmax

θ̂m,e

Vm

(
θ̂m, e | θi, w

′
m

)
for i = h, l (9.1)

θ̂im = θmi for i = h, l (9.2)

u
′
m(θ̂m) ≥ m′m(θ̂m) ≥ d′m(θ̂m) ≥ 0 (9.3)

where, for i=h,l

Vs

(
w
′
m,∆ | θmi

)
=

(
1

3
+ θie

i + ∆(θmi )

)[
ru − u′m(θmi )

]
+

(
1

3
− 2∆(θmi )

)[
rm −m′m(θmi )

]
+

(
1

3
− θiei + ∆(θmi )

)[
rd − d′m(θmi )

]
(10)

and for j=h,l

Vm

(
θ̂m, e | θi, w

′
m

)
=

(
1

3
+ θie+ ∆(θ̂m)

)
u
′
m(θ̂m) +

(
1

3
− 2∆(θ̂m)

)
m
′
m(θ̂m)

+

(
1

3
− θie+ ∆(θ̂m)

)
d
′
m(θ̂m)− γme

2

2
. (11)

To solve the problem, consider first the manager’s optimization problem stated
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in (9.1). Given a menu of managerial compensation w
′
m(θ̂m, r̃), managerial effort

depends on the managerial message θ̂m since such a message determines the relation

between managerial compensation and the firm’s cash flows. In particular, managerial

effort denoted as e(θ̂m | θi, w
′
m) solves the first order condition of (11) and can be

characterized as follows:22

Lemma 3.2. A manager who observes θi (i = h, l) and receives a menu of compen-

sation contracts w′m(θ̂m, r̃) exerts effort

e(θ̂m | θi, w′m) =
θi

[
u′m

(
θ̂m

)
− d′m

(
θ̂m

)]
γm

. (12)

Lemma 3.2 shows that the manager chooses higher effort as (i) the difference

u′m(θ̂m)−d′m(θ̂m) increases, (ii) the project’s type θ is higher and (iii) the effort is less

costly to the manager (γm decreases). By (12), I can substitute e(θmi | θi, w′m) into ei

which corresponds to the optimal managerial effort choice for θi.

Proposition 3.3 summarizes the solution of the shareholders’ problem:

Proposition 3.3. In the uninformed board case: (i) the board receives flat compen-

sation wU∗b = (0, 0, 0) and truthfully reports managerial risk choices, i.e., φU∗(θ̂m) = t

and (ii) the manager receives the following compensation contract:

wU∗m (θ̂m, ∆̂, r̃) =


(
ru−rd

2
− γm

6(pθ2
h+(1−p)θ2

l )
, 0, 0

)
if (θ̂m, ∆̂) = (θmh , ∆̂0) or (θml , ∆̂0)

(0, 0, 0) otherwise.

Proposition 3.3 shows that shareholders induce the board to prevent the manager’s

choice of ∆s which would decrease shareholder value by increasing the expected value

22The use of first order approach is valid in this setting since the manager’s maximization problem
in (9.1) has a unique global maximum with respect to e (Grossman and Hart [1983]).
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of managerial compensation without increasing the expected value of the project.

Proposition 3.3 also shows that the optimal managerial compensation ignores the

information provided in the managerial message, i.e., it is a pooling contract with

respect to θ. While separating compensation contracts (i.e., contracts that depend

on the managerial message) would induce the manager to choose higher effort when

he observes θ = θh, these contracts should inefficiently compensate the manager who

observe θl when rm or rd is realized. In particular, the manager reveals θ = θl only if

the expected compensation from truthfully reporting θml is as large as the alternative

compensation that corresponds to θmh . Intuitively, for any separating contract that

satisfies the manager’s truth-telling constraints, shareholders find it more beneficial

to withdraw the managerial compensation that corresponds to θml and alternately

offer the managerial compensation that corresponds to θmh as a pooling contract since

this alternative contract induces higher managerial effort while providing the manager

with truth-telling incentives.

4 Model analysis (II): Informed board

The informed board case considers the case in which shareholders design board com-

pensation wb to induce board monitoring on θ before the board chooses (wm, φ). In

what follows, I denote the sequence of optimal mechanisms chosen by shareholders

and the board as M I∗ ≡ {wI∗b , (wI∗m , φI∗)}. Three features of the problem simplify

the analysis. First, the board’s mechanism design problem is simplified since board’s

monitoring incorporates θ to the board’s information set. Thus, if the board does

not monitor θ, managerial disclosures of private information about θ can affect board

choices while if the board monitors, such managerial disclosures will have no effect
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on board choices. Second, the search of M I∗ can be limited to the set of truth-telling

mechanisms (on the equilibrium path) in which: (i) the board induces the manager

to send a message θ̂m ∈ {θml , θmh } that thuthfully reveals θ (when the board is un-

informed about θ); (ii) shareholders induce the informed board to send a message

θ̂b ∈ {θbl , θbh} which truthfully reveals its information about θ.23

Therefore, the sequence of optimal mechanisms chosen by shareholders and the

board can be described by the triple

M I∗ =
[
w∗b (θ̂b, ∆̂, σm, r̃),

(
wI∗m (∆̂, r̃), φI∗

)
,
(
wo∗m (θ̂m, ∆̂, r̃), φ

o∗(θ̂m)
)]

where:

1. w∗b (θ̂b, ∆̂, σm, r̃) ≡ {u∗b(θ̂b, ∆̂, σm),m∗b(θ̂b, ∆̂, σm), d∗b(θ̂b, ∆̂, σm)} describes the op-

timal board compensation.

2.
(
wI∗m (∆̂, r̃), φI∗

)
≡
(
{uI∗m (∆̂),mI∗

m (∆̂), dI∗m (∆̂)}, φI∗
)

describes the optimal board’s

choices (on-the-equilibrium path) when the board monitors θ.

3.
(
wo∗m (θ̂m, ∆̂, r̃), φ

o∗(θ̂m)
)
≡
(
{uo∗m(θ̂m, ∆̂),mo∗

m(θ̂m, ∆̂), do∗m(θ̂m, ∆̂)}, φo∗(θ̂m)
)

de-

scribes the off-equilibrium path board’s choices (i.e., choices taken if the board

does not monitor θ).

23Without loss of generality I consider the case in which M I∗ does not induce the uninformed
board to admit that it is uninformed. On the equilibrium path, M I∗ lead to the same compensation
contracts with the optimal truth-telling mechanisms that induce the uninformed board to truthfully
report about its information status, i.e., report θ̂b = θ̄b and θ̂mb = θ̂bi (i = h, l) when it receives

θ̂m = θmi .
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Shareholders’ problem consists of a nested sequence of optimization problems:

max
wb

pVs

(
wb | θbh

)
+ (1− p)Vs

(
wb | θbl

)
(13)

subject to

(θ̂iib, w
i
m, φ

i) = argmax
θ̂b,wm,φ

Vib

(
θ̂b, wm, φ | θi, wb

)
for i = h, l (14.1)

s.t. (ei,∆i) = argmax
e,∆

Vm(e,∆ | θi, wm, φ) for i = h, l (14.1.a)

um(∆̂) ≥ mm(∆̂) ≥ dm(∆̂) ≥ 0, (14.1.b)

(θ̂hub, θ̂
l
ub, w

o
m, φ

o)

= argmax
θ̂hb ,θ̂

l
b,wm,φ

pVub

(
θ̂hb , wm, φ | θmh , wb

)
+ (1− p)Vub

(
θ̂lb, wm, φ | θml , wb

)
(14.2)

s.t. (θ̂i
o

m, e
io ,∆io) = argmax

θ̂m,e,∆

V o
m(θ̂m, e,∆ | θi, wm, φ) for i = h, l (14.2.a)

θ̂i
o

m = θmi for i = h, l (14.2.b)

um(θ̂m, ∆̂) ≥ mm(θ̂m, ∆̂) ≥ dm(θ̂m, ∆̂) ≥ 0, (14.2.c)

pVib(θ̂
h
ib, w

h
m, φ

h | θh, wb) + (1− p)Vib(θ̂lib, wlm, φl | θl, wb)− γb

≥ pVub
(
θ̂hub, w

o
m, φ

o | θmh , wb
)

+ (1− p)Vub
(
θ̂lub, w

o
m, φ

o | θml , wb
)

(14.3)

θ̂iib = θbi for i = h, l (14.4)

ub(θ̂b, ∆̂, σm) ≥ mb(θ̂b, ∆̂, σm) ≥ db(θ̂b, ∆̂, σm) ≥ 0, (14.5)

where

Vm (e,∆ | θi, wm, φ)

=

(
1

3
+ θie+ ∆

)
um(∆̂) +

(
1

3
− 2∆

)
mm(∆̂) +

(
1

3
− θie+ ∆

)
dm(∆̂)− γme

2

2
, (14)

for ∆̂ =


∆̂s if ∆ = ∆s and φ = t

∆̂0 otherwise,
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V om(θ̂m, e,∆ | θi, wm, φ) and Vub

(
θ̂ib, wm, φ | θmi , wb

)
are defined in (6) and (7), respectively,

Vib

(
θ̂b, wm, φ | θi, wb

)
(15)

=

(
1

3
+ θie

i + ∆i

)
ub

(
θ̂b, ∆̂, σm

)
+

(
1

3
− 2∆i

)
mb

(
θ̂b, ∆̂, σm

)
+

(
1

3
− θiei + ∆i

)
db

(
θ̂b, ∆̂, σm

)
,

and

Vs
(
wb | θbi

)
=

(
1

3
+ θie

i + ∆i

)[
ru − ub

(
θbi , ∆̂, σm

)
− uim(∆̂)

]
+

(
1

3
− 2∆i

)[
rm −mb

(
θbi , ∆̂, σm

)
−mi

m(∆̂)
]

+

(
1

3
− θiei + ∆i

)[
rd − db

(
θbi , ∆̂, σm

)
− dim(∆̂)

]
(16)

for σm = {uim(∆̂),mi
m(∆̂), dim(∆̂)} and ∆̂ =


∆̂s if ∆i = ∆s and φi = t

∆̂0 otherwise.

Constraints (14.1)-(14.1.b) are incentive compatibility constraints relative to the

informed board’s choices (θ̂b, w
I
m, φ

I) and (14.2)-(14.2.c) are the incentive compatibil-

ity constraints relative to the uninformed board’s choices (θ̂b, w
o
m, φ

o). Notice that the

optimization problems of the informed and uninformed board differ on the reliance

on the managerial message θ̂m. Specifically, the informed board only takes into ac-

count the effect of its choice on the managerial actions (e,∆) specified in (14.1.a) but

does not rely on the managerial message. In contrast, the uninformed board takes

into account how its choices affect not only managerial actions (e,∆) but also the

managerial message θ̂m. Furthermore, (14.2.a) ensures that the managerial choice

of message and actions (θ̂m, e,∆) is incentive compatible and (14.2.b) that the man-

agerial message is truthful. Constraints (14.1.b) and (14.2.c) state that managerial

compensation contracts must be a non-decreasing function of firm output and subject

to managerial limited liability. Analogously, (14.3) is the board monitoring incentive
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compatibility, (14.4) is the truth-telling constraint of the informed board and (14.5)

limits board compensation contracts to be a non-decreasing function of firm output

and subject to limited liability. The following lemma simplifies the analysis:

Lemma 4.1. Without loss of generality, the search of optimal board compensation can

be limited to contracts which specify the board’s reports
(

∆̂h, ∆̂l
)
∈
(
{∆̂0, ∆̂s}, {∆̂0, ∆̂s}

)
and managerial compensation

(
σhm, σ

l
m

)
=
(
(uhm,m

h
m, d

h
m), (ulm,m

l
m, d

l
m)
)

that lead to

non-zero board pay as follows:

wb(θ̂b, ∆̂, σm, r̃) =



(
uhb ,m

h
b , d

h
b

)
if (θ̂b, ∆̂, σm) = (θhb , ∆̂

h, σhm)(
ulb,m

l
b, d

l
b

)
if (θ̂b, ∆̂, σm) = (θlb, ∆̂

l, σlm)

(0, 0, 0) otherwise,

Lemma 4.1 implies that the search of optimal board compensation can be limited

to contracts that award non-zero pay only to when the board’s message θ̂ib is in line

with the board’s choices (∆̂i, σim), for i = h, l. As an example, consider a case in which

lemma 4.1 limits non-zero board compensations to situations in which ∆̂h = ∆̂s, ∆̂l =

∆̂0, σhm = (100, 0, 0) and σlm = (50, 0, 0). In this case the board would be compensated

only when: (i) it reports to shareholders θ̂b = θbh, provides evidence ∆̂ = ∆̂s and

awards managerial compensation σhm = (100, 0, 0); or (ii) it reports θ̂b = θbl , provides

evidence ∆̂ = ∆̂0 and awards managerial compensation σlm = (50, 0, 0).

By virtue of lemma 4.1, I limit the search of the optimal mechanism M I∗ to

those mechanisms that include board compensation contracts of the form described

in lemma 4.1. More specifically, I proceed by first characterizing the informed board

choices (wim, φ
i) for i = h, l and the uninformed board choices (wom, φ

o) and then

solving for the optimal board compensation wI∗b among those that induce the board
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to become informed i.e., to monitor θ.

4.1 Board’s choices and managerial actions

4.1.1 Informed board’s choices

Consider the informed board’s choice of (wIm, φ
I) and the associated managerial

choices (e,∆). Lemma 4.1 shows that when the board sends a message to share-

holders θ̂h (resp. θ̂l), the board must report to shareholders ∆̂h (resp. ∆̂l) and award

managerial compensation σhm (resp. σlm) in order to receive a non-zero pay. Thus, I

can search the informed board’s optimal choice of wIm within the following forms of

contracts:

Lemma 4.2. An informed board that reports to shareholders θ̂b = θbj for j ∈ {h, l}

offers the manager:

wIm(∆̂, r̃) =


σjm = (ujm,m

j
m, d

j
m) if ∆̂ = ∆̂j

(0, 0, 0) otherwise,

where (θbj , ∆̂
j, σjm) is the board’s choice that makes board compensation non-zero as

stated in Lemma 4.1.

Now consider the informed board’s choice of φI . The disclosure commitment φI

affects the managerial choice of ∆ which in turn affects the board’s report ∆̂. Since,

as shown in lemma 4.1, the board receives non-zero compensation only when ∆̂ is

consistent with θ̂b, the board’s decision on φI is affected by its message choice θ̂b.

Thus, I define φIj (j = h, l) as the informed board’s optimal disclosure commitment

when it chooses θ̂b = θbj . To solve for φIj , I consider the two mutually exclusive cases in
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which ∆̂j = ∆̂s (i.e., the board should report to shareholders ∆̂s to receive non-zero

pay) or ∆̂j = ∆̂0 (i.e., the board should report ∆̂0 to receive non-zero pay).

If ∆̂j = ∆̂s, the board induces the manager to choose ∆s since ∆0 makes it

impossible for the board to report ∆̂s. To induce ∆s, the board commits to a truthful

report φIj = t (i.e., to report ∆̂0 only when the manager indeed chooses ∆0) and

offers the managerial compensation as characterized in lemma 4.2, i.e., the manager

receives non-zero compensation only when he chooses ∆s.

If ∆̂j = ∆̂0, lemma 4.2 implies that the board offers managerial compensation

wIm(∆̂0, r̃) = (ujm,m
j
m, d

j
m) and wIm(∆̂s, r̃) = (0, 0, 0). While the board can report

∆̂0 for any managerial choice of ∆ ∈ {∆0,∆s}, it still needs to design managerial

compensation to induce the manager to choose the desirable alternative of ∆. In

particular, when ujm + djm ≤ 2mj
m, the risky choice ∆s vis-à-vis ∆0 decreases the

expected value of managerial compensation wIm(∆̂0, r̃). Furthermore, since the board

cannot falsely report ∆̂s, the manager chooses ∆0 for any φIj . Alternatively, if ujm +

djm > 2mj
m, the manager prefers ∆s and will chooses it when the board commits to

falsely reporting ∆̂0, i.e., φj = f . Therefore, φIj can be used by the board to affect

the managerial choice ∆. Specifically, if the board compensation wb(θ
b
j , ∆̂

j, σjm, r̃) =

(ujb,m
j
b, d

j
b) satisfies ujb + djb > 2mj

b, the board also prefers the managerial choice of

∆s and therefore commits to a false report φIj = f . Otherwise, the board induces

the manager to choose ∆0 by committing to a truthful report φIj = t. The following

lemma characterize the optimal disclosure commitment:

Proposition 4.3. When the informed board sends message to shareholders θ̂b = θbj
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(j = h, l), its optimal disclosure commitment

φIj =


t if (i) ∆̂j = ∆̂s or (ii) ∆̂j = ∆̂0, C

j
m > 0 and Cj

b ≤ 0

f if ∆̂j = ∆̂0, C
j
m > 0 and Cj

b > 0

∈ {t, f} otherwise

where Cj
m ≡ ujm + djm− 2mj

m for managerial compensation wIm(∆̂j, r̃) = (ujm,m
j
m, d

j
m)

and Cj
b ≡ ujb + djb − 2mj

b for board compensation wb(θ
b
j , ∆̂

j, σjm, r̃) = (ujb,m
j
b, d

j
b),

respectively.

Proposition 4.3 shows that the board does not truthfully report about the man-

ager’s choice of ∆s when ∆̂j = ∆̂0 and both Cj
m and Cj

b are strictly positive. Notice

that Cj
m (resp. Cj

b ) measures the convexity of managerial compensation (ujm,m
j
m, d

j
m)

(resp. board compensation (ujb,m
j
b, d

j
b)) since, when Cj

m > 0 (resp. Cj
b > 0), the

risky choice ∆s increases the expected value of (ujm,m
j
m, d

j
m) (resp. (ujm,m

j
m, d

j
m))

relative to the risk-free choice ∆0. Thus, proposition 4.3 captures the insight that a

simultaneous award of convex compensation to the board and the manager can foster

their collusive behavior at the expense of shareholders. Specifically, such a compen-

sation structure induces the manager to choose ∆s while providing incentives to the

board to falsely report to shareholders ∆̂0. Proposition 4.3 also suggests the following

corollary with respect to the manager’s optimal risk choice ∆j.

Corollary 4.4. When the informed board sends a message to shareholders θ̂b = θbj

(j = h, l), it induces the manager to choose ∆j = ∆0 if and only if (i) ∆̂j = ∆0 and

(ii) Cj
m ≤ 0 or Cj

b ≤ 0.

Now consider the manager’s effort choice induced by the informed board. When
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the board learns θ = θi (i = h, l) and reports to shareholders θbj , it induces the

managerial effort choice ei,j which solves the first order condition of (14.1.a) and can

be characterized as follows:

Proposition 4.5. When the board learns θ = θi and reports to shareholders θbj, the

corresponding managerial compensation σjm induces the managerial effort

ei,j =
θi(u

j
m − djm)

γm
. (17)

From corollary 4.4 and proposition 4.5 it follows that the informed board’s ex-

pected compensation that corresponds to the project’s type θi and the message choice

θbj can be written as

V i,j
b (wb) =

(
1

3
+ θie

i,j + ∆j

)
ujb +

(
1

3
− 2∆j

)
mj
b +

(
1

3
− θhei,j + ∆j

)
djb. (18)

4.1.2 Uninformed board’s choices

To complete the analysis of the informed board actions it is necessary to describe

what choice would be made by a board that remains uninformed. I refer to these

off-equilibrium path choices as (wom, φ
o). As in the choice of the informed board, the

uninformed board’s choice of wom crucially hinges on the form of board compensa-

tion contracts stated in lemma 4.1. That is, when the board sends a message to

shareholders θ̂h (resp. θ̂l), the board should report to shareholders ∆̂h (resp. ∆̂l)

and award managerial compensation σhm (resp. σlm) in order to receive a non-zero

pay. Furthermore, in contrast to the informed board, the uninformed board chooses

(wom, φ
o) to induce the manager to send a message θ̂m that truthfully reveals man-

agerial private information about θ and after receiving θ̂m the uninformed board
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subsequently sends a message to shareholders θ̂b. To facilitate the presentation, I

define (θ̂hub, θ̂
l
ub) ∈ ({θbh, θbl }, {θbh, θbl }) as the uninformed board’s message choice when

it receives a managerial message θ̂m = θmh and θml , respectively.24

In what follows, I solve the shareholders’ problem by assuming that the unin-

formed board’s optimal message choice does not depend on the managerial message,

i.e., θ̂hub = θ̂lub ≡ θ̂ub and after solving the problem, check the conditions in which this

assumption indeed holds.25 Lemma 4.1 implies that under this assumption the unin-

formed board receives non-zero pay only when
(
θ̂ub, ∆̂, w

o
m(θim, ∆̂, r̃)

)
=
(
θbh, ∆̂

h, σhm

)
or
(
θbl , ∆̂

l, σlm

)
for i = h, l and therefore the search of optimal wom can be limited to

the following forms of contracts:

Lemma 4.6. An uninformed board that reports to shareholders θ̂ub = θbj for j ∈ {h, l}

offers the manager:

wom(θ̂m, ∆̂, r̃) =


σjm = (ujm,m

j
m, d

j
m) if (θ̂m, ∆̂) = (θmh , ∆̂

j) or (θml , ∆̂
j)

(0, 0, 0) otherwise,

where (θbh, ∆̂
h, σhm) and (θbl , ∆̂

l, σlm) are the board’s choices that make the board com-

pensation non-zero as stated in Lemma 4.1.

With respect to the uninformed board’s disclosure commitment φo(θ̂m), in contrast

to the informed board, the uninformed board chooses φo(θ̂m) taking into account its

effect not only on the managerial choice of ∆ but also on the managerial message

choice θ̂m. In particular, the optimal φo should induce the manager’s truthful report

24For instance, (θ̂hub, θ̂
l
ub) = (θbh, θ

b
l ) refers to the case in which the board reports to shareholders

θbh (resp. θbl ) when it receives managerial message θ̂m = θmh (resp. θml ).
25As it turns out, this assumption holds in relaxed conditions, and furthermore, the optimal

mechanisms obtained under this assumption illustrate the main insights without loss of generality.
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about θ.26 Moreover, since the project’s type θ does not affect the managerial choice

of ∆, the optimal φo needs not be contingent upon θ̂m and can be characterized as

follows:

Proposition 4.7. When the uninformed board reports to shareholders θ̂ub = θbj for

j ∈ {h, l}, its optimal disclosure commitment is as follows:

φo(θ̂mh ) = φo(θ̂ml ) =


t if (i) ∆̂j = ∆̂s or (ii) ∆̂j = ∆̂0, C

j
m > 0 and Cj

b ≤ 0

f if ∆̂j = ∆̂0, C
j
m > 0 and Cj

b > 0

∈ {t, f} otherwise

where Cj
m ≡ ujm + djm − 2mj

m corresponds to the convexity of managerial compensa-

tion wom(θ̂mh , ∆̂
j, r̃) = wom(θ̂ml , ∆̂

j, r̃) = (ujm,m
j
m, d

j
m) and Cj

b ≡ ujb + djb − 2mj
b to the

convexity of board compensation wb(θ
b
j , ∆̂

j, σjm, r̃) = (ujb,m
j
b, d

j
b), respectively.

Proposition 4.7 is analogous to the informed board’s optimal commitment stated

in proposition 4.3. As before, the uninformed board commits to the manager to

falsely reporting ∆̂ when both managerial compensation and board compensation are

convex (i.e., Cj
m > 0 and Cj

b > 0 for j = h, l) and shareholders induce the board to

report ∆̂0. The following corollary is immediate:

Corollary 4.8. When the informed board sends a message to shareholders θ̂ub = θbj

(j = h, l), it induces the manager to choose ∆j = ∆0 if and only if (i) ∆̂j = ∆0 and

(ii) Cj
m ≤ 0 or Cj

b ≤ 0.

Finally, consider the managerial effort choice induced by the uninformed board.

The uninformed board offers the manager (wom, φ
o) which is not contingent upon the

26As stated in lemma 4.6, the optimal wom chosen by the uninformed board is not contingent on

θ̂m.
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managerial message θ̂m and, thus, which induces the manager to truthfully report

about θ = θi (i = h, l), i.e., θ̂m = θmi . Therefore, when the uninformed board

receives θ̂m = θmi and subsequently reports to shareholders θ̂iub = θbj (j = h, l), the

corresponding managerial compensation σjm induces the managerial effort choice as

follows:

Proposition 4.9. When the uninformed board receives θmi for i ∈ {h, l} and subse-

quently reports to shareholders θbj for j ∈ {h, l}, the corresponding managerial com-

pensation σjm induces the managerial effort

ei,j =
θi(u

j
m − djm)

γm
. (19)

Corollary 4.8 and proposition 4.9 imply that when the uninformed board receives

θ̂m = θmi (i = h, l) and reports to shareholders θ̂m = θbj (j = h, l), the managerial

actions (e,∆) induced by the uninformed board equals the managerial actions induced

by the informed board who learns θi and reports to shareholders θbj , and thus, the

uninformed board’s expected compensation corresponds to V i,j
b defined in (18).

4.2 Optimal mechanism M I∗

The shareholders’ problem can be simplified by using the board’s optimal choices and

the associated managerial actions characterized in section 4.1.1 and 4.1.2. First, I

can rewrite the board’s truth-telling constraint (14.4) as follows:

V h,h
b (wb) ≥ V h,l

b (wb) (20)

V l,l
b (wb) ≥ V l,h

b (wb), (21)
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where V i,j
b defined in (18). Second, the board’s expected compensation from reporting

θ̂ub = θjb (j ∈ {h, l}) without monitoring θ is pV h,j
b (wb) + (1 − p)V l,j

b (wb) while its

expected compensation from monitoring and truthfully reporting θ is pV h,h
b (wb) +

(1−p)V l,l
b (wb). Thus, the board’s monitoring incentive compatibility condition (14.3)

can be rewritten as:

pV h,h
b (wb) + (1− p)V l,l

b (wb)− γb ≥ pV h,h
b (wb) + (1− p)V l,h

b (wb) (22)

pV h,h
b (wb) + (1− p)V l,l

b (wb)− γb ≥ pV h,l
b (wb) + (1− p)V l,l

b (wb). (23)

Notice that (20) and (21) are necessary conditions for (23) and (22), respectively.

In other words, any board compensation that induces the board to monitor θ will

always induce the board to truthfully reveal θ after monitoring. Using the board

compensation arrangements specified in lemma 4.1 and the associated managerial

actions (e,∆) characterized in corollary 4.4 and proposition 4.5, the shareholders’

problem can be written as:

max
σh
b ,σ

l
b,σ

h
m,

σl
m,∆̂

h,∆̂l

p

[(
1

3
+
θ2
h(uhm − dhm)

γm
+ ∆h

)
uhs +

(
1

3
− 2∆h

)
mh
s +

(
1

3
− θ2

h(uhm − dhm)

γm
+ ∆h

)
dhs

]

+ (1− p)
[(

1

3
+
θ2
l (u

l
m − dlm)

γm
+ ∆l

)
uls +

(
1

3
− 2∆l

)
ml
s +

(
1

3
− θ2

l (u
l
m − dlm)

γm
+ ∆l

)
dls

]
(24)

subject to(
1

3
+
θ2
l (u

l
m − dlm)

γm
+ ∆h

)
ulb +

(
1

3
− 2∆l

)
ml
b +

(
1

3
− θ2

l (u
l
m − dlm)

γm
+ ∆l

)
dlb

≥
(

1

3
+
θ2
l (u

h
m − dhm)

γm
+ ∆l

)
uhb +

(
1

3
− 2∆h

)
mh
b +

(
1

3
− θ2

l (u
l
m − dlm)

γm
+ ∆h

)
dhb +

γb
1− p

(25)(
1

3
+
θ2
h(uhm − dhm)

γm
+ ∆h

)
uhb +

(
1

3
− 2∆h

)
mh
b +

(
1

3
− θ2

h(uhm − dhm)

γm
+ ∆h

)
dhb

≥
(

1

3
+
θ2
h(ulm − dlm)

γm
+ ∆l

)
ulb +

(
1

3
− 2∆l

)
ml
b +

(
1

3
− θ2

h(ulm − dlm)

γm
+ ∆l

)
dlb +

γb
p

(26)

uib ≥ mi
b ≥ dib ≥ 0 for i = h, l (27)

uim ≥ mi
m ≥ dim ≥ 0 for i = h, l (28)
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where

1. σim = (uim,m
i
m, d

i
m): managerial compensation that shareholders induce the

board to offer when the board sends a message θ̂b = θbi for i = h, l.

2. ∆̂i: the alternative of ∆̂ that shareholders induce the board to report when the

board reports θ̂b = θbi for i = h, l.

3. σib = (uib,m
i
b, d

i
b): board compensation when the board chooses (θ̂b, ∆̂, σm) =

(θbi , ∆̂
i, σim) for i = h, l.

4. ∆i =


∆0 if (i) ∆̂i = ∆0 and (ii) uim + dim − 2mi

m < 0 or uib + dib − 2mi
b < 0

∆s otherwise

corresponds to the managerial choice of ∆ induced by the board when the board

reports θ̂b = θbi for i = h, l.

Constraints (25) and (26) are derived from the board’s monitoring incentive com-

patibility constraints (22) and (23), respectively. Constraints (27) and (28) ensure

that both managerial and board compensation are non-decreasing function of firm’s

cash flows and subject to the limited liability. The optimal board and managerial

compensation that solve the shareholders’ problem is characterized as follows:

Proposition 4.10. In the optimal board and managerial compensation
[
σl
∗

b , σ
l∗
m

]
=[(

f l
∗

b , f
l∗

b , f
l∗

b

)
,
(
ul
∗
m, 0, 0

)]
. Furthermore, depending on parameter values, three cases

can arise with respect to
[
σh
∗

b , σ
h∗
m

]
:

Case 1: [σh
∗

b , σ
h∗

m ] = [(uh
∗

b , 0, 0), (uh
∗

m , 0, 0)]

Case 2: [σh
∗

b , σ
h∗

m ] = [(uh
∗

b ,
uh
∗

b

2
, 0), (uh

∗

m , 0, 0)]

Case 3: [σh
∗

b , σ
h∗

m ] = [(uh
∗

b , 0, 0), (uh
∗

m ,
uh
∗
m

2
, 0)].
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Proposition 4.10 shows three key features of the optimal board and managerial

compensation. First, the optimal board compensation σh
∗

b and σl
∗

b exhibit contrasting

forms: while σh
∗

b corresponds to a performance-based pay, i.e., an increasing function

of the firm’s cash flows, σl
∗

b corresponds to a fixed wage. These contrasting forms

of contracts provide the board’s incentives to monitor θ. Specifically, relative to

the project with θ = θl, the project with θ = θh is more likely to yield ru and

less likely to yield rd. Therefore, in the absence of the constraint (27), the optimal

board compensation that induces the board’s monitoring on θ consists of σhb which

compensates only for the realization of ru and σlb which compensates only for rd.

While (27) ensures that σl
∗

b corresponds to a fixed wage rather than a decreasing

function of the firm’s cash flows, the constraint does not change the main insight that

the optimal board compensation awards the board with higher performance-based

compensation when the board reports θ̂b = θbh.

Second, proposition 4.10 shows that the optimal managerial compensation σh
∗
m

and σl
∗
m feature a performance-based pay structure. Intuitively, shareholders induce

the board to offer the minimum managerial compensation which induces certain man-

agerial choices of (e,∆). As shown in proposition 4.5, to induce the managerial effort,

optimal managerial compensation σi
∗
m (i = h, l) should feature that ui

∗
m − di

∗
m > 0.

Finally, proposition 4.10 states that depending on the parameter values, the op-

timal board and managerial compensation that corresponds to the board’s message

θbh, i.e.,
[
σh
∗

b , σ
h∗
m

]
has different forms. Intuitively, the optimal form of

[
σh
∗

b , σ
h∗
m

]
is

related to the optimal managerial risk choice ∆h∗ . While the convex compensation

σh
∗

b = (uh
∗

b , 0, 0) and σh
∗
m = (uh

∗
m , 0, 0) provide board incentives to monitor θ and

managerial incentives to put effort, respectively, the simultaneous award of convex

compensation induces the managerial choice of ∆s. Specifically, corollary 4.4 states
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that to induce the managerial choice ∆h∗ = ∆0, either σh
∗
m or σh

∗

b should feature a

(weakly) negative convexity, i.e., uh
∗
m +dh

∗
m − 2mh∗

m ≤ 0 or uh
∗

b +dh
∗

b − 2mh∗

b ≤ 0. Since

the compensation for rm does not affect the managerial effort choice or the board’s

monitoring on θ, the optimal compensation structure that induces the managerial

choice ∆h∗ = ∆0 should compensate the board or the manager for rm just enough to

make σh
∗

b or σh
∗
m , but not both, exhibit zero convexity.

It is noteworthy that by contrast
[
σl
∗

b , σ
l∗
m

]
exhibits a fixed wage and convex com-

pensation, respectively, since the fixed wage induces the board to monitor and truth-

fully reveal the managerial choice of ∆s. From these observations, the following

corollary which characterizes the optimal managerial risk choice
(
∆h∗ ,∆l∗

)
is imme-

diate.

Corollary 4.11. The optimal managerial risk choice
(
∆h∗ ,∆l∗

)
= (∆s,∆0) in case

1 and (∆0,∆0) in other cases.

For the future reference, I refer to case 1 as speculation case since the manager

optimally chooses ∆s when the board reports θhb , case 2 as disciplinary board case

since non-convex board compensation σh
∗

b = (uh
∗

b , u
h∗

b /2, 0) provides the board with

incentives to induce the managerial choice ∆h = ∆0 and case 3 as contracting board

case since in this case the board plays a meaningful role only in the design of man-

agerial compensation (i.e., monitoring θ) and managerial choice ∆h = ∆0 is induced

by the non-convex managerial compensation σh
∗
m = (uh

∗
m , u

h∗
m /2, 0).

Proposition 4.10 also implies that the full description of the optimal compensa-

tion structure requires to find two managerial compensation components
(
uh
∗
m , u

l∗
m

)
and two board compensation components

(
uh
∗

b , f
l∗

b

)
. For simplicity, I denote by[(

uh
∗
m,s, u

l∗
m,s

)
,
(
uh
∗

b,s, f
l∗

b,s

)]
the optimal compensation components in the speculation

case,
[(
uh
∗

m,d, u
l∗

m,d

)
,
(
uh
∗

b,d, f
l∗

b,d

)]
in the disciplinary board case and by

[(
uh
∗

m,d, u
l∗

m,d

)
,
(
uh
∗

b,c, f
l∗

b,c

)]
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in the contracting board case. The following proposition characterizes the optimal

compensation components in each case.

Proposition 4.12. The optimal compensation structure in each case can be described

by the following compensation components.

1. speculation case:

[
ul
∗

m,s, u
h∗

b,s, f
l∗

b,s

]
=

[
ru − rd

2
− γm

6θ2
l

,
γbγm

p(1− p)(θ2
h − θ2

l )u
h∗
m,s

,

(
1

3
+
θ2
l u
h∗

m,s

γm
+ ∆s

)
uh
∗

b,s +
γb

1− p

]
,

where uh
∗

m,s solves

pθ2
h(ru − rd)
γm

− p

[(
1

3
+ ∆s

)
+

2θ2
hu

h∗

m,s

γm

]
+

(
1

3
+ ∆s

)
γbγm

p(1− p)(θ2
h − θ2

l )(u
h∗
m,s)

2
= 0

2. disciplinary board case:

[
ul
∗

m,d, u
h∗

b,d, f
l∗

b,d

]
=

[
ru − rd

2
− γm

6θ2
l

,
γbγm

p(1− p)(θ2
h − θ2

l )u
h∗
m,d

,

(
1

2
+
θ2
l u
h∗

m,d

γm

)
uh
∗

b,d +
γb

1− p

]
,

where uh
∗

m,d solves

pθ2
h(ru − rd)
γm

− p

[
1

3
+

2θ2
hu

h∗

m,d

γm

]
+

γbγm
2p(1− p)(θ2

h − θ2
l )(u

h∗
m,d)

2
= 0

3. contracting board case:

[
ul
∗

m,c, u
h∗

b,c, f
l∗

b,c

]
=

[
ru − rd

2
− γm

6θ2
l

,
γbγm

p(1− p)(θ2
h − θ2

l )u
h∗
m,c

,

(
1

3
+
θ2
l u
h∗

m,c

γm

)
uh
∗

b,c +
γb

1− p

]
,

where uh
∗

m,c solves

pθ2
h(ru − rd)
γm

− p

[
1

2
+

2θ2
hu

h∗

m,c

γm

]
+

γbγm
3p(1− p)(θ2

h − θ2
l )(u

h∗
m,c)

2
= 0.

Proposition 4.12 shows that there are common features of the optimal managerial

and board compensation structure that appear in all three cases. First, for any given
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parameter values, ul
∗
m is the same in all three cases. Second, the board and managerial

compensation (uh
∗

b , u
h∗
m ) exhibit substitutability, i.e., the increase in uh

∗
m leads to the

decrease in uh
∗

b . Finally, awarding higher uh
∗

b to the board also increases the board’s

fixed wage f l
∗

b .

On the other hand, proposition 4.12 also shows that for given parameter values,

the three cases differ in the size of optimal compensation components uh
∗

b , f l
∗

b and

uh
∗
m . In particular, the following proposition compares the size of the compensation

components in each case.

Proposition 4.13. For any parameter values,

1. Board compensation feature uh
∗

b,c > uh
∗

b,s > uh
∗

b,d and f l
∗

b,d > f l
∗

b,s > f l
∗

b,c

2. Managerial compensation feature uh
∗

m,d > uh
∗
m,s > uh

∗
m,c > ul

∗

m,d(= ul
∗
m,s = ul

∗
m,c).

Proposition 4.13 states that the performance-based managerial compensation uh
∗
m

is the highest in the disciplinary board case and the lowest in the contracting board

case. In contrast, the performance-based board compensation uh
∗

b is the highest in

the contracting board case and the lowest in the disciplinary board case. This result

is intuitive. As implied by proposition 4.10, shareholders must award non-convex

compensation to the manager or the board in order to induce the managerial choice

of ∆h = ∆0. Compensation for rm, however, creates inefficiencies since it does not

affect the board’s incentive to monitor θ or the managerial incentive to put effort.

In the disciplinary board case, the non-convexity of board compensation σh
∗

b limits

the size of uh
∗

b,d but instead shareholders can induce higher managerial effort than

in the other two cases since the managerial risk choice is controlled by the board.

On the other hand, in the contracting board case the non-convexity of managerial

compensation σh
∗
m,c limits the size of uh

∗
m,c.
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Proposition 4.13 also shows that fixed wage to the board f l
∗

b is the highest in

the disciplinary board case and the lowest in the contracting board case. In the dis-

ciplinary board case, the expected value of board compensation σh
∗

b is greater than

the corresponding board compensation of other cases since it compensates for rm and

thus shareholders need to award higher fixed wage in order to induce the board to

monitor and truthfully report about θ. Finally, proposition 4.13 states that in all

three cases, the managerial compensation features uh
∗
m > ul

∗
m, i.e., the manager re-

ceives higher performance-based compensation when the board reports θ̂b = θbh than

when it reports θbl . Intuitively, shareholders delegate the managerial compensation

to the board in order to use the board’s private information about θ and to induce

higher managerial effort when θ = θh.

So far, I have characterized the possible forms of optimal compensation contracts.

In section 5, I search the optimal managerial and board compensation by comparing

shareholder values in uninformed board case and the three cases that arises in in-

formed board case and then analyze how the key parameters affect the compensation

structure.
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5 Optimal compensation structure

Shareholder value in each case can be written as follows:

Uninformed board case:

V0 +
Vθ
γm

(
ru − rd

2
− γm

6Vθ

)2

, (29)

Speculation case:

V0 −
(

1

3
+ ∆s

)
2γb

Dθuh
∗
m,s

+
pθ2
h(uh

∗

m,s)
2

γm
−
(

Vθ
γmDθ

+ 1

)
γb +

(1− p)θ2
l

γm

(
ru − rd

2
− γm

6θ2
l

)2

, (30)

Disciplinary board case:

V0 −
γb

Dθuh
∗
m,d

+
pθ2
h(uh

∗

m,d)
2

γm
−
(

Vθ
γmDθ

+ 1

)
γb +

(1− p)θ2
l

γm

(
ru − rd

2
− γm

6θ2
l

)2

, (31)

Contracting board case:
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where (uh
∗
m,s, u

h∗
m,c, u

h∗
m,c) are as in proposition 4.12, V0 = 1

3
(ru + rm + rd), Dθ ≡

p(1−p)(θ2
h−θ

2
l )

γm
and Vθ ≡ (pθ2

h + (1 − p)θ2
l ). The globally optimal mechanism corre-

sponds to the case in which shareholders value is maximized. In the rest of this

section, I first perform comparative statics with respect to some key parameters and

then I discuss the results, and in particular, develop testable hypotheses relative to

the optimal managerial and board compensation structure.

5.1 Comparative statics

For comparative statics, I consider four key parameters, namely, (i) ∆s which mea-

sures the effect of managerial risk-seeking activities on the firm’s cash flow risks,

(ii) γb which measures the board monitoring costs, (iii) Dθ which measures the vari-

ability in the project quality θ and (iv) Dr ≡ ru − rd which measures the size of
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value enhancement by managerial effort. The following proposition shows that each

of key parameters (∆s, γb, Dθ, Dr) monotonically affects the shareholder value in the

uninformed board case relative to the informed board case.

Proposition 5.1. Other things equal, (i) higher ∆s, (ii) higher γb (iii) lower Dθ and

(iv) lower Dr make the optimal mechanism belong to the uninformed board case.

Proposition 5.1 is intuitive. When managerial risk choice substantially affects the

firm’s cash flow risks (i.e., ∆s is larger), shareholders are willing to make the board

compensation flat as in the uninformed board case in order to the board monitoring

on managerial risk choice. On the other hand, when the board monitoring on θ is too

costly (i.e., γb is too high), shareholders do not afford to induce the board to monitor

θ before designing the managerial compensation. Finally, when the variability in

project quality (Dθ) and the firm value enhancement by managerial effort (i.e., Dr) are

sufficiently small, shareholders’ benefit from incorporating the board information on θ

into the design of managerial compensation cannot offset the costs that shareholders

incur to induce the board monitoring.

In the rest of this section, I focus on the three cases in which the board monitors θ

since the key implications on the joint compensation structure arise in these cases.27

In contrast to the disciplinary board case and the contracting board case, the specu-

lation case is subject to two inefficiencies emerging from the manager’s choice of ∆s.

The risky choice increases the manager’s expected compensation without creating in-

centive for managerial effort and it also increases the expected board’s compensation

without affecting the board’s incentive to monitor θ. Intuitively, these inefficiencies

increase in the size of ∆s. Thus,

27This also reflects the realistic feature that the board takes the full responsibility for the design
of managerial compensation in practice.
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Proposition 5.2. For each parameter values, there exists ∆̄s > 0 such that specula-

tion case becomes equilibrium if and only if ∆s ≤ ∆̄s.

On the other hand, the inefficiencies that arise in the other two cases are associated

with the non-convexity of board compensation or managerial compensation. Specifi-

cally, in the disciplinary board case, the board compensation σh
∗

b pays for rm without

providing the board with incentive to monitor θ but instead the corresponding man-

agerial compensation σh
∗
m awards higher performance-based compensation and, thus,

induces higher managerial effort choice. In the contracting board case, by contrast,

the managerial compensation σh
∗
m needs to be non-convex and, thus, awards relatively

lower performance-based compensation which leads to lower managerial effort choice.

The following proposition shows how these inefficiencies that emerge from the three

informed board cases are affected by the key parameters in this analysis:

Proposition 5.3. For each parameter values, there exists γ̄b ≥ 0, D̄θ ≥ 0 and D̄r ≥ 0

such that the globally optimal mechanism belongs to the disciplinary board case when,

other things equal, (i) γb < γ̄b, (ii) Dθ > D̄θ and (iii) ru − rd > D̄r is higher.

In the disciplinary board regime, awarding performance-based compensation to

the board is costly and therefore shareholders can induce the board to monitor θ

only when the monitoring cost γb is sufficiently low. On the other hand, when the

variability in the project quality is large (i.e., Dθ is higher), the board requires lower

level of performance-based compensation to monitor θ. When the board does not

monitor θ before choosing the managerial compensation, it may receive performance-

based compensation for unproductive projects or fixed wage for productive projects.

The larger variability in the project quality, however, significantly reduce the expected

value of board compensation misaligned with the project type and thus induces the
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board to monitor the type even at lower level of performance-based compensation.

Finally, when Dr is high, the managerial effort increases the firm value more efficiently

and thus the optimal compensation structure belongs to disciplinary board case in

which the managerial compensation features the highest level of performance-based

compensation.

5.2 Discussion

The previous analysis provides a number of insights relative to the optimal managerial

and board compensation. First, it shows that in the informed board case (i.e., when

board are active monitors), managerial and board compensation are closely aligned.

Specifically, high pay-for-performance compensation is awarded to both managers and

boards in firms with high-quality projects (i.e., θ = θh) and low-pay-for-performance

compensation is awarded when the project quality is low (i.e., θ = θl).

The analysis also shows that when managers are able to engage in intense risk-

seeking, the potential collusion of managers and boards affects the optimal board-

manager compensation structure. Consistent with this insight, proposition 5.2 sug-

gests that in firms with high managerial risk-seeking ability, the optimal compensation

structure either strengthens the board’s incentives to monitor managerial risk-seeking

by awarding lower performance-based board compensation (i.e., the disciplinary board

case) or reduces the manager’s incentive to engage in risk-seeking activities by award-

ing lower managerial pay-for-performance compensation (i.e., the contracting board

case). Furthermore, proposition 5.3 states the conditions in which the optimal com-

pensation structure reduces managerial risk-seeking incentives by inducing the board

to monitor managerial activities rather than by lowering managerial performance-

based compensation. Specifically, when the board has lower monitoring costs (i.e.,
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lower γb) or faces a larger variability in project quality (i.e., higher Dθ), the board’s

monitoring incentives can still be provided by low pay-for-performance board com-

pensation.

From these insights, three empirical hypotheses can be derived concerning the

structure of the managerial and board compensation. In particular, controlling

for all other factors, firms are more likely to award their managers higher pay-for-

performance compensation while simultaneously awarding their boards lower pay-for-

performance compensation when: (i) managers can engage in risk-seeking activities

more easily, (ii) boards can monitor managers at a lower cost and (iii) boards face a

larger variability in project quality.

6 Empirical analysis

6.1 Data and sample construction

For the period 1996-2005 I collect information on CEO and board characteristics.28

In particular, I gather information on CEO compensation, tenure and duality (i.e.,

whether or not the CEO also serves as the chairman of the board) from Execucomp.

Regarding boards, I collect information about their compensation from Execucomp

and about board structure (i.e., whether or not their directors are classified as in-

dependent) from RiskMetrics.29 Following previous studies (e.g., Yermack 2004 and

Ryan and Wiggins 2004) the empirical analysis exclusively considers outside directors’

compensation which is consistent with the previously described implications and con-

28From 2006 on Execucomp fails to provide information on board compensation.
29RiskMetrics classifies directors into three categories, namely, insiders, linked directors and out-

siders. Following Ryan and Wiggins [2004] and Linck et al. [2008], I define an independent board as
a board which has a majority of outside directors.
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sistent with the fact that outside directors are in practice responsible for managerial

monitoring.30

I obtain financial information and data on the number of business segments from

Compustat. After excluding utilities (SIC 4900-4999), the sample consists of 6496

non-financial firm years and 1003 financial firm years (SIC 6000-6999). Furthermore,

as described below, for some of my tests I collect information on outside directors’

blockholding ownership from the database provided by Dlugosz et al. [2006] which

corrects the errors contained in Compact Disclosure during the period 1996-2001.

The use of this corrected board ownership data makes it possible to investigate the

effect of directors’ blockholding ownership on CEO and directors compensation but

this data requires a restricted sample period. To minimize this data limitation, in

the following analysis I compare: (i) results from the extended sample period (1996-

2005) without considering directors’ blockholding ownership and (ii) results from the

shorter sample period (1996-2001) including the corrected information on directors’

blockholding ownership.31 Variables are reported in real terms (i.e., adjusted for

inflation using 2000 as a base year).

30For instance, the NYSE and NASDAQ exchanges require the listed firms to form audit com-
mittees (which are in charge of overseeing risk-management policies) and compensation committees
(which are in charge of designing managerial compensation) entirely with outside directors.

31Among the firm-years that exist in Execucomp, RiskMetrics and Compustat during 1996-2001,
498 non-financial firm-years and 91 financial firm-years are not available in the blockholding own-
ership database. After excluding these firm-years, the shorter sample consists of 3323 firm-years of
925 non-financial firms and 509 firm-years of 144 financial firms.
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6.2 Determinants of compensation structure

6.2.1 Managerial risk-seeking ability

I use R&D expenditures as a proxy for managerial risk-seeking ability. Since R&D

investments tend to generate uncertain future cash flows and create information asym-

metry between managers and shareholders (e.g., Hall and Lerner 2010), I postulate

that R&D investments provide managers with opportunities to engage in risk-seeking

activities. Specifically, for firm i and year t, I construct a dummy variable, R&D 4yr i,t,

which equals 1 for firm-years which have continuously recognized R&D expenses from

t− 3 to t and equals 0 otherwise.32

Since a key implication of my model is that managerial risk-seeking ability affects

a firm’s optimal compensation structure, I perform a second set of tests that compare

the compensation practices of firms in the banking sector with firms outside banking.33

These tests are built on the insight of previous studies (e.g., Laeven and Levine 2009)

which suggest that in the banking sector it is hard to disentangle productive risky

investments (e.g., profitable risky loans) from unproductive managerial risk-seeking

activities (e.g., pure financial speculation). In other words since bank managers can

easily engage in risk-seeking activities, the shareholders find it optimal to resort to

a joint compensation structure in which managerial or board pay-for-performance

compensation is reduced. In what follows, I define banking firms following the Fama-

French 48 industry classification codes (i.e., the classification code equals 44).34

32In (unreported) robustness checks I consider a number of variations on the R&D expenditure
proxy (i.e., different periods or R&D levels) and find similar results.

33While most studies on compensation exclude financial firms, I find it useful to include them in
my empirical analysis in order to examine the effect of managerial risk-seeking abilities on the com-
pensation structure. Nevertheless, to avoid potential distortions that arise from including financial
firms, I present separate results for the sample of non-financial and financial firms below.

34In the Fama-French 48 classification code 44 includes some non-banking financial firms (in SIC
6199) and code 47 includes a few investment banks (in SIC 6211). Excluding these firms, however,

46



6.2.2 Board monitoring costs

I postulate that the presence of at least one blockholder on the board is akin to a

situation of low board-monitoring costs (and thus intense managerial monitoring).

Specifically, since blockholding directors are exposed to financial losses in the case of

bad firm performance, I expect that, as with low board-monitoring costs, the presence

of blockholding directors leads to intense managerial monitoring even when no explicit

pay-for-performance board compensation is used.

Following the literature (e.g., Dlugosz et al. 2006 and Villalonga and Amit 2006),

I define blockholders as shareholders who own at least 5% of outstanding shares, and

for firm i and year t, I construct a dummy variable DIRBLK i,t which equals 1 for

firm-years which have at least one non-officer blockholder in the board and equals 0

otherwise.

6.2.3 Variability in the quality of projects

I consider two proxies for variability in project quality: the number of business seg-

ments and the firm’s size. In the model, a larger variability in project quality refers

to the case in which the board faces a higher ex-ante uncertainty relative to the opti-

mal level of managerial pay-for-performance compensation. The link between larger

variability in project quality and multi-segment (or larger) firms follows since these

firms tend to operate in complex business environments which make board monitoring

particularly useful in the design of adequate managerial compensation.35 Empirically

the proxies considered in this analysis are Segments i,t and ln(sale)i,t which corre-

spond to the number of segments and the natural log of sales for firm i and year t,

does not significantly affect the results.
35In line with this insight, Fama and Jensen [1983] proposes board monitoring as a key governance

mechanism for firms that operate in highly complex environments.
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respectively.36

6.2.4 Control variables

As controls I include a number of determinants of pay-for-performance compensation

proposed by previous studies (e.g., Yermack 1995, Guay 1999 and Coles et al. 2006).

First I consider the effect of a firm’s past performance (i.e., past return on firm assets

and past stock returns).37 Specifically, I include lagged return on assets and annual

stock returns (i.e., ROAi,t−1 and Return i,t−1 for firm i and year t).38 Second, I include

the KZ index modified by Baker et al. [2003], the market-to-book value ratio, and

the presence of long-term debt indicator (i.e., KZ4 i,t, MB i,t and LTD i,t, respectively)

as proxies for the level of a firm’s financial constraints.39 Yermack [1995] reports

that to defer the cash payout financially constrained firms tend to award managers

stock options (which, as described below, I use as a measure for pay-for-performance

compensation) in lieu of cash compensation.

Third, I control for tax effects on compensation by including an operating loss

dummy variable Loss i,t. Intuitively, firms that have net operating loss carryforwards

expect higher future tax returns and thus desire to defer the compensation expense

by awarding stock options. Fourth, I control for a firm’s past stock return volatilities,

namely Vol i,t, since, as suggested by Kadan and Swinkels [2008], firms that have

36Relative to other studies (e.g., Core and Guay 2001) which have considered the relationship
between the firm size and the compensation structure, my model analysis predicts that the firm size
has contrasting effects on CEO and directors compensation structures.

37Previous studies suggest contrasting predictions relative to the effect of the past performance
on the level of pay-for-performance compensation. See, e.g., Core and Guay [2001] for the details.

38I consider both one-year and two-year lagged annual stock returns but excluding two-year lagged
stock returns does not change the results.

39In unreported robustness checks I also consider cash flow shortfalls (i.e., [common and preferred
dividends+cash flow used in investing activities-cash flow from operations]/total assets) which is
also widely used as a proxy for the degree of financial constraints (e.g., Yermack 1995).
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experienced high stock return volatilities may not be willing to grant high pay-for-

performance compensation that provides additional risk-taking incentives.40

In addition, I consider CEO and board characteristics relative to the CEO’s in-

fluence on the board in order to capture situations in which CEOs can influence

boards to design CEO pay with cash compensation rather than pay-for-performance

compensation (Chhaochharia and Grinstein 2009). To control for the effects of CEO-

board relationship on compensation, I include the board independence indicator, the

logarithm of the CEO’s tenure and the CEO-chairman duality indicator (i.e., IND i,t,

Ln(tenure)i,t and Dual i,t, respectively).41 Finally, I consider a new CEO indicator

NCEO i,t to control for the possible effects related to changes in compensation prac-

tices for incoming CEOs.42 The details of each variable are available in Table 1.

6.3 Pay-for-performance compensation measures

I use stock option grants as the pay-for-performance compensation measures and

main dependent variables in the analysis (e.g., Yermack 1995, Guay 1999 and Coles

et al. 2006). Specifically, for each firm i and year t, I calculate the option-to-total

compensation ratio CEO r i,t (resp. BRD r i,t) in order to measure the extent to

which CEOs’ (resp. directors’) pay is linked to the firms’ performance. In addition,

I consider a dummy variable CEO pi,t (resp. BRD pi,t) which indicates whether or

40In the analysis of the joint compensation structure for the CEO and directors, it is particularly
important to control for the stock return volatilities which affect a firm’s stock option valuation
and thus may generate a mechanical relationship between CEO and directors pay-for-performance
compensation measures.

41To mitigate the endogeneity of board indpendence, I also consider only the post-SOX period
(2002-2005) in which almost all firms have independent board structures and find consistent results.

42See Fee and Hadlock [2003] for evidence of these effects.
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not a stock option plan is awarded to the CEO (resp. directors). More formally,

CEO r i,t (BRD r i,t) ≡
Black-Scholes value of option grants to CEO (directors)

Total compensation to CEO (directors)
,

CEO pi,t
(
BRD pi,t

)
≡


1 if stock options are awarded to CEO (directors)

0 otherwise.

Furthermore I consider three measures of the joint compensation structure of the

CEO and directors (i.e., the association between the magnitudes of CEO and director

pay-for-performance compensation for each firm-year). Specifically, for firm i and

year t, three categorical variables CEOBRD r i,t, CEOBRD pi,t and CEOBRD indr i,t

classify firm-years into the following four categories:

(1) LL: firm-years in which both the CEO and directors are awarded low pay-for-

performance compensation

(2) LH : firm-years in which the CEO is awarded low pay-for-performance and direc-

tors are awarded high pay-for-performance

(3) HL: firm-years in which the CEO is awarded high pay-for-performance and direc-

tors are awarded low pay-for-performance

(4) HH : firm-years in which both the CEO and directors are awarded high pay-for-

performance compensation.

More specifically, CEOBRD r i,t classifies firm-years by comparing their option-to-

total compensation ratios (i.e., CEO ri,t and BRD ri,t) with the corresponding median
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for each year. In addition, to control for industry characteristics, CEOBRD indr i,t

classifies firm-years by comparing the option-to-total compensation ratios with the

corresponding industry-year medians. Finally, CEOBRD pi,t classifies firm-years by

the presence of option award plans for the CEO and directors.43

6.4 Descriptive statistics

Table 2 presents summary statistics of CEO and board compensation in non-financial

firms (Panel A) and financial firms (Panel B). In non-financial firms the average

directors compensation is $0.21 million and the average CEO compensation is $5.46

million. While CEO pay is substantially larger than director pay, both CEOs and

directors receive stock options as the main form of equity-based compensation. In

particular, directors (resp. CEOs) receive stock options in approximately 72% (resp.

80%) of firm-years and on average the value of options granted accounts for 45%

(resp. 39%) of total pay for directors (resp. CEOs).44 Panel A also shows that R&D

firms (i.e., R&D 4yr i,t = 1) grant stock options more intensively to both CEOs and

directors. On average the value of options granted accounts for nearly 49% (resp.

43%) of directors (resp. CEO) pay in R&D firms relative to 40% (resp. 34%) in other

firms.

A comparison between Panel A (non-financial firms) and Panel B (financial firms)

shows that the level of directors pay is similar in both types of firms but CEO pay is

much higher in financial firms. In addition financial firms award directors fewer stock

options than non-financial firms. Within the sample outside directors receive stock

options in only 60% of financial firm-years and on average the value of options granted

43A formal definition of each variable is available in Table 1.
44These results are in line with previous studies about directors compensation (e.g., Ryan and

Wiggins 2004 and Yermack 2004).
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accounts for 36% of the total directors pay. Among financial firms, banks grant even

fewer option awards to outside directors. Banks grant stock options in only 54% of

firm-years and the value of options granted constitutes only 31% of directors’ total

pay.

Table 3 describes the measures of the joint compensation structure in non-financial

firms (Panel A) and financial firms (Panel B). Panel A shows that in non-financial

firms the magnitudes of CEO and director pay-for-performance compensation are

positively correlated. In 60% of non-financial firm-years both the CEO’s and di-

rectors’ option-to-total compensation ratios are simultaneously below or above the

corresponding industry-year medians (i.e., CEOBRD indr i,t = LL or HH). Panel

A also indicates that R&D firms are more likely to award high pay-for-performance

compensation either simultaneously to both the CEO and directors or to the CEO

alone. In particular, R&D firms exhibit a 5% (resp. 2%) higher probability that both

the CEO’s and directors’ (resp. only the CEO’s) option-to-total compensation ratios

are above the industry-year median.

A comparison between Panel A (non-financial firms) and Panel B (financial firms)

shows that financial firms tend to grant high pay-for-performance to the CEO and low

pay-for-performance to directors rather than simultaneously awarding high pay-for-

performance to both. Specifically, financial firms (resp. non-financial firms) award

stock options only to the CEO (i.e., CEOBRD pi,t = HL) in 31% (resp. 21%) of

firm-years. Among financial firms, banks are more likely to award high pay-for-

performance to the CEO and low pay-for-performance to directors. In particular,

banks award stock options to the CEO alone in 38% of firm-years.

Table 4 summarizes the proxies for determinants of the compensation structure

in non-financial firms (Panel A) and financial firms (Panel B). Panel A shows that
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R&D firms are less likely to have non-officer blockholding directors and tend to have

more business segments and smaller firm size. Specifically, R&D firms have at least

one non-officer blockholding director in 6% of firm-years while other firms have such a

director in 11% of firm years. R&D firms also show more operating loss, more growth

opportunities and higher stock return volatilities. Regarding the measures of the

board-manager relationship, R&D firms are more likely to have independent boards.

In 80% of firm-years, R&D firms maintain the board with a majority of independent

directors while other firms do so in only 69% of firm-years..

Relative to non-financial firms (Panel A), financial firms (Panel B) tend to have

a larger firm size, more reliance on long-run debt and fewer growth opportunities.

In terms of the board-manager relationship, financial firms are more likely to have

the CEO-Chair duality and independent boards. In addition Panel B shows that

banks are more financially constrained and have fewer growth opportunities than

other financial firms. Banks are also more likely to have independent boards. In 88%

of firm-years banks maintain their boards with a majority of outside directors.

7 Results

7.1 CEO and directors pay-for-performance compensation

I start by individually estimating the regressions of CEO and directors compensation

on the determinants of compensation structure (i.e., managerial risk-seeking abilities,

board monitoring costs and the variability in project quality).45 According to the

model CEO and directors compensation structures are jointly determined and thus

45To adjust the standard errors for the correlation between managerial and board pay-for-
performance measures in each firm-year, I use the seemingly unrelated regression (SUR).
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running each regression of CEO and directors compensation potentially suffers from

simultaneity bias. However, the estimates from each regression provide descriptive

information about the effects of the determinants of compensation structures and also

can be compared to previous studies which examine CEO and directors compensation

independently.46

7.1.1 Non-financial firms

Table 5 presents the regression results for non-financial firms. Specifically, the re-

gressions reported in columns (1)-(4) differ in their sample periods and dependent

variables. More specifically, columns (1) and (2) present the results from the ex-

tended sample period (i.e., 1996-2005 without directors’ blockholding ownership) and

(3) and (4) report the results from the shorter sample (i.e., 1996-2001 including di-

rectors’ blockholding ownership). Furthermore, the dependent variables are (CEO p

and BRD p) in columns (1) and (3) while (CEO r and BRD r) in (2) and (4).

The results show that lower magnitudes of pay-for-performance compensation tend

to be awarded to directors in R&D firms, in firms with at least one non-officer block-

holding director, in more diversified firms and in larger firms. Specifically, column

(3) reports that, all else being equal, the probability of awarding stock option grants

to directors are about 5% (resp. 6.2%) lower in R&D firms (resp. firms that have

non-officer blockholders in the board). Furthermore, each additional segment (resp.

1% increase in sales) is associated with 1.5% (resp. 2.9%) lower odds of awarding

options to directors. These results suggest that, as predicted by the model analysis,

lower magnitudes of pay-for-performance compensation for directors are associated

46See, e.g., Yermack 1995, Guay 1999 and Coles et al. 2006 for research on CEO compensation
and Yermack [2004] and Ryan and Wiggins [2004] for studies on directors compensation.
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with higher managerial risk-seeking ability, lower board monitoring costs and larger

variability in (potential) project quality.

Table 5 also shows that R&D firms, more diversified firms and larger firms tend

to award higher pay-for-performance compensation to the CEO while firms with at

least one non-officer blockholding director tend to grant lower pay-for-performance

compensation to the CEO. In particular, column (4) shows that, all else being equal,

the CEO’s option-to-total compensation ratio is around 4.8% higher in R&D firms

and 3.7% lower in firms which have at least one non-officer blockholding director.

Column (4) also reports that a 1% increase in sales is associated with a 3.1% higher

option-to-total compensation ratio. The effect of the number of segments on this ratio

is positive but statistically insignificant.47 These results imply that higher managerial

risk-seeking ability and larger variability in project quality are associated with higher

pay-for-performance compensation for CEOs.

7.1.2 Financial firms

Table 6 reports the results for financial firms. As in Table 5, columns (1) and (2)

present the results from the extended sample period (1996-2005 without directors’

blockholding ownership) and by contrast columns (3) and (4) report the results from

the shorter sample (i.e., 1996-2001 including directors’ blockholding ownership). The

dependent variables are (CEO p and BRD p) in the regressions reported in columns

(1) and (3) and (CEO r and BRD r) in columns (2) and (4). To compare the com-

pensation structure of banks with other financial firms I include the bank indicator

and exclude the industry-fixed effects.48

47As shown in column (3) of Table 5, the positive relationship between the number of segments
and the odds of awarding the CEO stock option grants is statistically significant.

48I also exclude R&D 4yr i,t−1 and Segmentsi,t−1 which have very small variation within financial
firms but considering the two variables does not substantially change the coefficient estimates of
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Table 6 shows that banking firms award lower pay-for-performance compensation

to outside directors. In particular, column (3) reports that banks show a nearly

16% lower probability of awarding stock options to directors. Consistent with the

results from non-financial firms, firms with non-officer blockholding directors or that

have larger sales tend to award lower pay-for-performance compensation to directors.

Column (3) shows that the firms with at least one non-officer blockholding director

have a 21.3% lower probability of awarding stock options to directors and a 1%

increase in sales lowers this probability by 5.4%.

In contrast, banks and other firms do not exhibit a significant difference in the

level of pay-for-performance compensation for CEOs. Furthermore, the relationship

between the presence of non-officer blockholding directors and the magnitude of CEO

pay-for-performance compensation is also statistically insignificant. In line with the

result from non-financial firms, however, larger firms tend to award higher pay-for-

performance compensation to the CEO. Overall, the findings suggest that banks in

which CEOs can easily engage in risk-seeking activities tend to grant lower pay-for-

performance compensation to directors.

7.2 CEO-directors joint compensation structure

I now consider the determinants of the joint compensation structure and more specif-

ically the determinants of the association between the magnitudes of the CEO’s and

the directors’ pay-for-performance compensation. To do so I estimate a multino-

mial logit model with CEOBRD r, CEOBRD p and CEOBRD indr as dependent

variables. As before, I consider separate models for non-financial and financial firms.

other variables.
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7.2.1 Non-financial firms

Table 7 presents the results for non-financial firms. Rather than reporting coefficient

estimates, Table 7 reports average partial effects which better illustrate the economic

magnitude as well as the statistical significance.49 Panel A reports the results from

the extended sample period (i.e., 1996-2005 without directors’ blockholding owner-

ship) and Panel B reports the results from the shorter sample period (i.e., 1996-2001

including directors’ blockholding ownership, DIRBLK i,t). Standard errors are ad-

justed for clusters within an industry and include all control variables considered in

Table 5.

Panel B shows three main results. First, R&D firms are more likely to offer high

pay-for-performance compensation to CEOs and low pay-for-performance compensa-

tion to directors. In Panel B, R&D firms show 7.3% higher odds that the CEO’s (resp.

directors’) option-to-total compensation ratio is above (resp. below) the industry-year

median (i.e., CEOBRD indr=HL). Consistent with these findings, R&D firms show a

6.6% higher probability of awarding options only to the CEO (i.e., CEOBRD p=HL).

Second, Panel B shows that firms which have non-officer blockholding directors

are less likely to award high pay-for-performance compensation to the CEO and to the

directors simultaneously. Instead, these firms award high pay-for-performance to the

CEO and low pay-for-performance to directors. Specifically, these firms show a nearly

8% higher probability that the CEO’s (resp. directors’) option-to-total compensation

ratio is above (resp. below) year median (i.e., CEOBRD r=HL) and a 12.2% lower

probability that both the CEO’s and the directors’ option-to-total compensation ra-

tios are above the year medians (i.e., CEOBRD r=HH ). Consistently, the probability

of awarding options to CEOs and directors simultaneously (i.e., CEOBRD p=HH )

49Partial effects of control variables are unreported but available from the author upon request.
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are 7.5 % lower in these firms.

Finally, Panel B also reports that larger or more diversified firms also tend to

award higher pay-for-performance CEO compensation and lower pay-for-performance

director compensation. Specifically each additional segment (resp. 1% increase in

sales) is associated with 1.8% (resp. 3.2%) higher odds that both the CEOs’ and the

directors’ option-to-total compensation ratios are simultaneously above the industry-

medians (i.e., CEOBRD indr=HL).

In general, these findings are in line with my model analysis which predicts that

the disciplinary board case is more likely to occur in firms in which (i) managerial

risk-seeking activities are more likely to occur (ii) board monitoring costs are likely

to be lower and (iii) projects can exhibit a large variability in quality. In the dis-

ciplinary board case, consistent with the reported evidence, directors are awarded

low pay-for-performance compensation while CEOs receive simultaneous high pay-

for-performance compensation.

7.2.2 Financial firms

Table 8 reports the results for financial firms which, as shown in Section 7.1.2, compare

the effects on banks with other financial firms.50 Panels A and B report the results

from the extended sample period (i.e., 1996-2005 without directors’ blockholding

ownership) and from the shorter sample period (i.e., 1996-2001 including directors’

blockholding ownership), respectively. Standard errors are adjusted for clusters within

an industry only in Panel A but are unadjusted in Panel B because of the insufficient

number of observations.

Relative to other financial firms, banks show a 17% higher probability of awarding

50As before, I exclude R&D 4yr i,t−1 and Segmentsi,t−1 from independent variables.
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stock options to the CEO alone (i.e., CEOBRD p=HL) and a 14.1% lower probability

of awarding options to the CEO and directors simultaneously (i.e., CEOBRD p=HH ).

However, this difference between banks and other firms is not significantly observed

in other joint compensation measures.51

In line with the results from non-financial firms, larger firms and firms with non-

officer blockholding directors are less likely to award high pay-for-performance com-

pensation to both the CEO and the directors but rather they award high pay-for-

performance compensation to the CEO and low pay-for-performance compensation to

directors simultaneously. Specifically, the presence of non-officer blockholding direc-

tors (resp. 1% increase in sales) is associated with 21.3% (resp. 5.1%) higher odds of

awarding stock options to the CEO alone and 21.8% (resp. 4.2%) lower odds of award-

ing options to the CEO and directors simultaneously. Overall, these results confirm

previous findings that higher managerial risk-seeking ability, lower board monitoring

costs and larger variability in project quality lead to the simultaneous award of high

pay-for-performance compensation to CEOs and low pay-for-performance compensa-

tion to directors.

8 Concluding remarks

This paper considers the optimal managerial and board compensation in a setting in

which both managers and boards are subject to agency problems and shareholders

delegate to boards the task of designing managerial compensation and the task of

monitoring managerial risk-seeking activities. The model shows that while high pay-

for-performance board compensation provides incentives for the board to properly

51Banks show higher odds that CEOBRD indr=HH but, as displayed in Table 3, the median of
directors’ option-to-total compensation ratio in the banking sector is fairly low.
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design managerial compensation, it also diminishes the board’s incentive to discour-

age non-productive managerial risk-shifting activities. This analysis implies that the

optimal board compensation structure is determined by the trade-off between the

magnitudes of these two countervailing effects. The analysis also derives implications

for the optimal joint compensation structure for managers and boards.

The analysis suggests that the three determinants that shape the optimal compen-

sation structure for managers and boards are (i) managerial risk-seeking ability, (ii)

the magnitude of board monitoring costs and (iii) the variability in (potential) project

quality. The analysis predicts that, all else being equal, high pay-for-performance

compensation for managers and low pay-for-performance compensation for boards

are awarded by firms in which the managerial risk-seeking ability is higher, the board

monitoring costs are lower and the projects exhibit lower variability in quality.

In the second part of the study I take these predictions into the data. Empirically,

I find that high managerial pay-for-performance compensation tends to be awarded

jointly with low board pay-for-performance in (i) R&D firms or banks in which man-

agers can easily engage in risk-seeking activities (ii) firms in which the board contains

non-officer blockholders who are likely to provide high-intensity monitoring and (iii)

larger or more diversified firms which feature a wider variability in project quality.

The analysis of the joint compensation structure for managers and boards provides

some novel findings and suggests several avenues for future research. However, the

study abstracts from issues related to the dynamics of board composition and other

governance mechanisms which can affect the relationship between CEO and board

compensation. Fascinating but challenging tasks to include board dynamics and to

examine the joint compensation structure in the presence of a richer set of governance

mechanisms are left for future research.
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Table 1: Definition of variables

This table presents the definition of compensation variables and control variables. For the fair value of equity grants
to managers, I use the corresponding measures provided by Execucomp. To value the equity grants to outside
directors, I follow Ryan and Wiggins [2004]. The details are available in section B. For financial and accounting
variables, I describe the definition by using the compustat data items. The independent directors are identified by
teh classification of Riskmetrics database. For each firm year, I identify the chairperson from Riskmetrics database
while find the CEO from Execucomp. In particualr, the appointment and resignation date of CEOs are provided by
Execucomp.

Variable Definition
CEO(BRD) totali,t Total compensation to the CEO (outside director) in firm i and year t
CEO(BRD) optioni,t Black-Scholes value of option grants to the CEO (outside director)
CEO(BRD) pi,t Indicator (1,0) of option grants to the CEO (outside director)
CEO(BRD) ri,t CEO optioni,t/CEO totali,t (BRD optioni,t/BRD totali,t)
CEO(BRD) stki,t Dollar amount of stock grants to the CEO (outside director)
CEO(BRD) stkpi,t Indicator (1,0) of stock grants to the CEO (outside director)
CEO(BRD) stkri,t CEO stk/CEO total (BRD stk/BRD total)
ROAi,t Return on Asset reported in Execucomp
Lossi,t Net operating loss dummy (=1 if oibdpi,t ¡ 0)
LTDi,t long term debt dummy (=1 if dltti,t¿0)
kz4i,t -1.002*kz cfi,t-39.368*kz divi,t-1.315*kz ci,t+3.139*kz levi,t
kz cfi,t (dpi,t+ibi,t)/ati,t
kz divi,t (dvpi,t+dvci,t)/ati,t
kz ci,t che/ati,t
kz levi,t (dltti,t+dlci,t)/(dltti,t+dlci,t+seqi,t)
Return 1-year stock return
MB (prcc fi,t*cshoi,t+ati,t-ceqi,t-txdbi,t)/ati,t
R&D 3-year moving average of (xrdi,t/ati,t)
Vol Stock return volatility reported in Execucomp
IND Board independence dummy (=1 if the board holds a majority of independent directors)
Tenure the CEO’s tenure
NCEO New CEO dummy (=1 for the first year of the CEO)
Dual CEO-Chair dummy (=1 if the CEO is the chairman of the board)
CEO mt (BRD t) the year-median of CEO ri,t (BRD ri,t)
CEO indmt (BRD indmt) the Fama-French 48 industry-year median of CEO ri,t (BRD ri,t)

CEOBRD ri,t


LL if CEO r i,t ≤ CEO mt and BRD r i,t ≤ BRD mt

LH if CEO r i,t ≤ CEO mt and BRD r i,t > BRD mt

HL if CEO r i,t > CEO mt and BRD r i,t ≤ BRD mt

HH otherwise.

CEOBRD pi,t


LL if CEO pi,t = BRD pi,t = 0

LH if CEO pi,t = 0 and BRD pi,t = 1

HL if CEO pi,t = 1 and BRD pi,t = 0

HH otherwise,

CEOBRD indri,t


LL if CEO ri,t ≤ CEO indmt and BRD ri,t ≤ BRD indmt

LH if CEO ri,t ≤ CEO indmt and BRD ri,t > BRD indmt

HL if CEO ri,t > CEO indmt and BRD ri,t ≤ BRD indmt

HH otherwise,



Table 2: Summary statistics: Compensation

This table presents the summary statistics about compensation for CEO and outside directors between 1997 and 2005. The sample consists of 7442 non-financial
firm years and 1003 financial firm years. The utilities (sic 4900-4999) are excluded from the sample. Compensation information is obtained from Execucomp
database. Panel A reports the compensation of non-financial firms and also separately presents the compensation of R&D firms and other non-financial firms.
Financial firms are defined as the firms whose standard industrical classsification is between 6000 and 6999. R&D firms are defined as the firms which recognize
the R&D expenditure for the past four consecutive years. The last two columns in Panel A presents the mean difference between long R&D firms and other
non-financial firms and the unpaired t-statistics (computed for unequal variance and unequal observations) which tests for the null hypothesis that the mean
difference is zero. Panel B reports the compensation of financial firms and also separately presents the compensation of banks and non-bank financial firms.
Banks are defined as the firms whose Fama-French 48 industrial classification code is 44. As in Panel A, the last two columns of Panel B presents the mean
difference between banks and other financial firms and the corresponding t-statistics. The details about compensation variables are available in Table 1.

Panel A: Non-financial firms
All firms R&D firms Other firms Diff.

mean sd median mean sd median mean sd median mean t
CEO total 5459.28 13924.72 2817.74 5907.44 17190.07 3082.68 4966.35 9040.80 2550.79 941.09 2.99

CEO option 2900.99 10232.15 962.32 3353.52 12244.21 1219.14 2403.26 7383.16 691.56 950.26 4.10
CEO p 0.80 0.40 1 0.84 0.37 1 0.76 0.42 1 0.07 7.91
CEO r 0.39 0.29 0.38 0.43 0.29 0.44 0.34 0.27 0.32 0.09 14.43

CEO stk 621.75 8260.83 0 637.58 11226.93 0 604.33 2163.79 0 33.25 0.18
CEO stkp 0.27 0.44 0 0.24 0.43 0 0.31 0.46 0 -0.06 -6.21
CEO stkr 0.07 0.15 0 0.06 0.14 0 0.08 0.15 0 -0.02 -5.55

BRD total 206.66 574.38 96.75 267.87 740.97 108.77 139.34 283.43 83.84 128.53 10.05
BRD option 155.11 575.87 36.84 214.42 743.76 45.32 89.87 282.69 27.37 124.55 9.71

BRD p 0.72 0.45 1 0.74 0.44 1 0.69 0.46 1 0.05 4.87
BRD r 0.45 0.36 0.47 0.49 0.37 0.53 0.40 0.34 0.40 0.08 10.12

BRD stk 19.68 51.94 0 21.44 60.21 0 17.75 40.89 0 3.68 3.11
BRD stkp 0.40 0.49 0 0.41 0.49 0 0.40 0.49 0 0.01 0.95
BRD stkr 0.16 0.24 0 0.16 0.24 0 0.16 0.24 0 0.00 0.60

Obs. 7442 3898 3544

Panel B: Financial firms
All firms Banks Other firms Diff.

mean sd median mean sd median mean sd median mean t
CEO total 7428.81 11135.43 4035.32 7314.28 13436.57 3385.14 7552.12 7958.75 4878.86 -237.84 -0.34

CEO option 3360.48 8535.52 1302.05 3541.59 10935.49 1116.86 3165.49 4755.60 1622.97 376.11 0.71
CEO p 0.83 0.37 1 0.86 0.35 1 0.80 0.40 1 0.06 2.46
CEO r 0.36 0.26 0.34 0.35 0.25 0.33 0.36 0.27 0.36 -0.01 -0.31

CEO stk 1014.61 2826.64 0 948.14 2847.14 0 1086.17 2805.59 0 -138.04 -0.77
CEO stkp 0.39 0.49 0 0.39 0.49 0 0.38 0.49 0 0.01 0.31
CEO stkr 0.10 0.17 0 0.10 0.16 0 0.11 0.17 0 -0.01 -0.73

BRD total 223.56 2248.00 91.08 111.02 177.88 64.81 344.72 3231.56 125.10 -233.70 -1.59
BRD option 158.84 2247.40 21.96 57.08 171.02 10.75 268.39 3231.89 46.05 -211.31 -1.44

BRD p 0.60 0.49 1 0.54 0.50 1 0.67 0.47 1 -0.13 -4.31
BRD r 0.36 0.35 0.36 0.31 0.33 0.26 0.42 0.36 0.44 -0.12 -5.47

BRD stk 32.32 85.12 0 21.81 61.57 0 43.63 103.61 0 -21.82 -4.02
BRD stkp 0.43 0.49 0 0.38 0.49 0 0.48 0.50 0 -0.11 -3.39
BRD stkr 0.20 0.28 0 0.16 0.25 0 0.24 0.30 0 -0.07 -4.18

Obs. 1003 520 483



Table 3: Summary statistics: CEO-directors joint compensation structure

This table presents the summary statistics about categorical variables constrctured by compensation for CEO and outside directors. The details about
categorical compensation variables are available in Table 1. The sample consists of 7442 non-financial firm years and 1003 financial firm years between 1997 and
2002. Compensation information is obtained from Execucomp database. Panel A reports the summary statistics about categorical variables of non-financial
firms and also separately presents the summary statistics of R&D firms and other non-financial firms. Financial firms are defined as the firms whose standard
industrical classsification is between 6000 and 6999. R&D firms are defined as the firms which recognize the R&D expenditure for the past four consecutive
years. The last two columns in Panel A presents the mean difference between long R&D firms and other non-financial firms and the corresponding t-statistics
(computed for unequal variance and unequal observations) of the null hypothesis that the mean difference is zero. Panel B reports the compensation of financial
firms and also separately presents the compensation of banks and non-bank financial firms. Banks are defined as the firms whose Fama-French 48 industrial
classification code is 44. As in Panel A, the last two columns of Panel B presents the mean difference between banks and other financial firms and the
corresponding t-statistics.

Panel A: Non-financial firms
All firms R&D firms Other firms Diff.

mean sd median mean sd median mean sd median mean t
CEOBRD r=LL 0.27 0.45 0 0.22 0.42 0 0.33 0.47 0 -0.11 -10.27
CEOBRD r=LH 0.17 0.38 0 0.16 0.37 0 0.19 0.39 0 -0.03 -3.13
CEOBRD r=HL 0.22 0.42 0 0.23 0.42 0 0.21 0.41 0 0.02 2.20
CEOBRD r=HH 0.33 0.47 0 0.39 0.49 0 0.27 0.45 0 0.11 10.38
CEOBRD p=LL 0.07 0.26 0 0.05 0.22 0 0.10 0.30 0 -0.05 -8.46
CEOBRD p=LH 0.12 0.33 0 0.11 0.32 0 0.14 0.34 0 -0.02 -2.80
CEOBRD p=HL 0.21 0.41 0 0.21 0.41 0 0.21 0.41 0 0.00 0.08
CEOBRD p=HH 0.59 0.49 1 0.63 0.48 1 0.56 0.50 1 0.07 6.36

CEOBRD indr=LL 0.30 0.46 0 0.28 0.45 0 0.33 0.47 0 -0.05 -4.85
CEOBRD indr=LH 0.17 0.38 0 0.16 0.37 0 0.19 0.39 0 -0.02 -2.37
CEOBRD indr=HL 0.23 0.42 0 0.24 0.43 0 0.22 0.41 0 0.02 2.54
CEOBRD indr=HH 0.29 0.45 0 0.31 0.46 0 0.27 0.44 0 0.05 4.56

Obs. 7442 3898 3544

Panel B: Financial firms
All firms Banks Other firms Diff.

mean sd median mean sd median mean sd median mean t
CEOBRD r=LL 0.29 0.45 0 0.34 0.48 0 0.23 0.42 0 0.11 3.88
CEOBRD r=LH 0.17 0.38 0 0.14 0.34 0 0.21 0.41 0 -0.07 -3.04
CEOBRD r=HL 0.30 0.46 0 0.32 0.47 0 0.27 0.44 0 0.05 1.88
CEOBRD r=HH 0.24 0.43 0 0.20 0.40 0 0.29 0.45 0 -0.09 -3.39
CEOBRD p=LL 0.09 0.28 0 0.08 0.27 0 0.10 0.30 0 -0.02 -1.14
CEOBRD p=LH 0.08 0.27 0 0.06 0.24 0 0.10 0.30 0 -0.04 -2.20
CEOBRD p=HL 0.31 0.46 0 0.38 0.49 0 0.23 0.42 0 0.15 5.32
CEOBRD p=HH 0.52 0.50 1 0.48 0.50 0 0.57 0.50 1 -0.09 -3.00

CEOBRD indr=LL 0.24 0.43 0 0.26 0.44 0 0.23 0.42 0 0.03 1.18
CEOBRD indr=LH 0.21 0.40 0 0.20 0.40 0 0.22 0.41 0 -0.02 -0.67
CEOBRD indr=HL 0.24 0.43 0 0.25 0.43 0 0.23 0.42 0 0.02 0.83
CEOBRD indr=HH 0.31 0.46 0 0.29 0.46 0 0.33 0.47 0 -0.04 -1.26

Obs. 1003 520 483



Table 4: Summary statistics: Independent variables

This table presents the summary statistics about the firm characteristics of the sample, which consists of 7442 non-financial firm years and 1003 financial firm
years between 1996 and 2004. Among them, 6496 non-financial firm years are available in segments database while 3731 non-financial and 509 financial firm
years are available in blockholding ownership database which covers between 1996 and 2001. The utilities (sic 4900-4999) are excluded from the sample. I
obtain financial and accounting information from Compustat database, board structure from Riskmetrics database, blockholding ownership from the data
provided by Dlugosz et al. [2006], and business segment information from the Compustat segment database. Panel A reports the characteristics of non-financial
firms and also separately presents the characteristics of R&D firms and other non-financial firms. Financial firms are defined as the firms whose standard
industrical classsification is between 6000 and 6999. R&D firms are defined as the firms which recognize the R&D expenditure for the past four consecutive
years. The last two columns in Panel A presents the mean difference between R&D firms and other firms and the unpaired t-statistics (computed for unequal
variance and unequal observations) which tests for the null hypothesis that the mean difference is zero. Panel B reports the characteristics of financial firms and
also separately presents the characteristics of banks and non-bank financial firms. Banks are defined as the firms whose Fama-French 48 industrial classification
code is 44. As in Panel A, the last two columns of Panel B presents the mean difference between banks and other financial firms and the corresponding
t-statistics. The details about all variables are available in Table 1.

Panel A: Non-financial firms
All firms R&D firms Other firms Diff.

mean sd median Obs. mean sd median Obs. mean sd median Obs. mean t
DIRBLK 0.08 0.27 0 3731 0.06 0.23 0 2002 0.11 0.31 0 1729 -0.05 -5.86
Segments 1.72 1.04 1 6496 1.83 1.13 1 3494 1.60 0.90 1 3002 0.22 8.89

ln(sale) 7.40 1.50 7.29 7442 7.26 1.62 7.16 3898 7.54 1.36 7.41 3544 -0.28 -8.20
ROA 0.04 0.14 0.05 7442 0.03 0.17 0.05 3898 0.05 0.08 0.05 3544 -0.02 -7.09
Loss 0.04 0.20 0 7442 0.06 0.25 0 3898 0.01 0.12 0 3544 0.05 11.20
KZ4 0.22 1.17 0.28 7442 0.05 1.14 0.04 3898 0.41 1.17 0.53 3544 -0.37 -13.69
LTD 0.87 0.34 1 7442 0.84 0.37 1 3898 0.90 0.29 1 3544 -0.06 -8.42

Return 0.04 0.46 0.08 7442 0.03 0.49 0.08 3898 0.06 0.43 0.09 3544 -0.03 -2.52
MB 2.17 1.61 1.66 7442 2.43 1.86 1.83 3898 1.88 1.22 1.51 3544 0.56 15.41

R&D 0.03 0.06 0.01 7442 0.06 0.07 0.04 3898 0.00 0.01 0.00 3544 0.06 58.74
Vol 0.44 0.19 0.39 7442 0.47 0.21 0.41 3898 0.41 0.16 0.38 3544 0.06 12.42

Ln(tenure) 1.77 0.87 1.79 7442 1.71 0.87 1.61 3898 1.82 0.87 1.79 3544 -0.11 -5.44
NCEO 0.08 0.27 0 7442 0.09 0.28 0 3898 0.08 0.27 0 3544 0.01 1.73

Dual 0.66 0.47 1 7442 0.67 0.47 1 3898 0.65 0.48 1 3544 0.02 1.64
IND 0.75 0.43 1 7442 0.80 0.40 1 3898 0.69 0.46 1 3544 0.12 11.66

Panel B: Financial firms
All firms Banks Other firms Diff.

mean sd median Obs. mean sd median Obs. mean sd median Obs. mean t
DIRBLK 0.08 0.27 0 509 0.09 0.29 0 278 0.06 0.23 0 231 0.04 1.61

ln(sale) 7.84 1.52 7.66 1003 7.72 1.56 7.52 520 7.98 1.46 7.79 483 -0.26 -2.76
ROA 0.03 0.05 0.01 1003 0.01 0.01 0.01 520 0.04 0.07 0.03 483 -0.03 -8.86
Loss 0.01 0.12 0 1003 0.00 0.00 0 520 0.03 0.17 0 483 -0.03 -3.93
KZ4 1.08 1.14 1.28 1003 1.80 0.64 1.91 520 0.31 1.06 0.38 483 1.48 26.63
LTD 0.93 0.26 1 1003 0.97 0.16 1 520 0.88 0.32 1 483 0.09 5.58

Return 0.10 0.36 0.12 1003 0.10 0.36 0.11 520 0.11 0.37 0.14 483 -0.02 -0.82
MB 1.45 1.08 1.13 1003 1.18 0.50 1.11 520 1.73 1.41 1.19 483 -0.55 -8.20

R&D 0.00 0.02 0.00 1003 0.00 0.00 0.00 520 0.00 0.02 0.00 483 0.00 -4.08
Vol 0.34 0.14 0.30 1003 0.30 0.12 0.28 502 0.37 0.15 0.34 483 -0.07 -7.94

Ln(tenure) 1.81 0.88 1.95 1003 1.84 0.85 1.95 520 1.77 0.90 1.79 483 0.07 1.19
NCEO 0.07 0.26 0 1003 0.07 0.25 0 520 0.08 0.27 0 483 -0.02 -0.93

Dual 0.70 0.46 1 1003 0.75 0.43 1 520 0.65 0.48 1 483 0.10 3.46
IND 0.79 0.41 1 1003 0.88 0.33 1 520 0.70 0.46 1 483 0.18 7.03



Table 5: CEO and directors pay-for-performance compensation and determinants of
compensation structure: Non-financial firms

This table reports the coefficient estimates from seemingly unrelated regressions (SUR) in a sample of 6496 (or 3323 with DIRBLK)
non-financial firm years. In model (1) and (3), the dependent variables are CEO p and BRD p, which are indicators for the firm years
awarding stock option grants to the CEO and outside directors, respectively. In model (2) and (4), the dependent variables are CEO r
and BRD r, which refer to (the value of stock options granted to the CEO/total compensation for CEO) and (the value of stock
options granted to outside directors/total compensation for outside directors), respectively. The independent variables include
R&D 4yr=1 if the firm has continuously recognized R&D expenditure for the past 4 years, 0 otherwise; DIRBLK=1 if a blockholder
(who owns more than 5% of the outstanding common shares) sits on the board as an outside director, 0 otherwise; Segments= the
number of business segments; and ln(Sale)= the natural logarithm of sales. The details about other control variables are available in
Table 1. Independent variables, except for NCEO, are lagged by one year. All specifications include the year dummy and the industry
dummy variables (created by Fama-Frech 48 industrial classification code). The standard errors computed in SUR is robust for
correlation between equations. In parentheses, t-statistics are reported.

(1) (2) (3) (4)
CEO p BRD p CEO r BRD r CEO p BRD p CEO r BRD r

R&D 4yr (t-1) 0.0511*** -0.0312** 0.0477*** 0.0179 0.0282 -0.0501** 0.0478*** 0.0194
(3.52) (-1.98) (4.85) (1.60) (1.51) (-2.32) (3.54) (1.29)

DIRBLK -0.0298 -0.0617** -0.0372** -0.0363*
(-1.29) (-2.30) (-2.23) (-1.96)

Segments -0.00814 -0.0173*** -0.0108*** -0.0245*** 0.0136** -0.0152* 0.00548 -0.0174***
(-1.49) (-2.93) (-2.92) (-5.81) (1.98) (-1.91) (1.10) (-3.14)

ln(Sale) (t-1) 0.0140*** -0.0280*** 0.0301*** -0.0249*** 0.00831 -0.0285*** 0.0311*** -0.0186***
(3.22) (-5.94) (10.24) (-7.41) (1.47) (-4.36) (7.62) (-4.11)

ROA (t-1) 0.0622 0.0594 0.0931*** 0.111*** 0.0152 0.102 0.106*** 0.147***
(1.47) (1.30) (3.26) (3.39) (0.27) (1.56) (2.59) (3.22)

Loss (t-1) 0.0258 0.00296 0.00527 0.0194 -0.0340 0.0162 -0.00512 0.0476
(0.91) (0.10) (0.27) (0.88) (-0.87) (0.36) (-0.18) (1.51)

KZ4 (t-1) -0.00462 0.0211*** -0.000695 0.0136*** -0.00302 0.0346*** 0.00466 0.0215***
(-0.89) (3.75) (-0.20) (3.39) (-0.46) (4.51) (0.97) (4.04)

LTD (t-1) 0.0617*** -0.0361** 0.00907 -0.0450*** 0.0566** -0.0751*** -0.00902 -0.0832***
(3.74) (-2.02) (0.81) (-3.53) (2.47) (-2.83) (-0.55) (-4.52)

Return (t-1) -0.0300** -0.0137 -0.0134* 0.0216** 0.000762 0.00152 0.00212 0.0365***
(-2.51) (-1.06) (-1.65) (2.33) (0.05) (0.09) (0.20) (3.12)

Return (t) 0.0201* -0.00148 -0.00299 -0.00526 0.0302** -0.0125 0.000970 -0.00938
(1.83) (-0.12) (-0.40) (-0.62) (2.34) (-0.84) (0.10) (-0.90)

MB (t-1) 0.00908** 0.0191*** 0.0307*** 0.0382*** 0.0110** 0.0143*** 0.0320*** 0.0339***
(2.45) (4.77) (12.28) (13.37) (2.42) (2.73) (9.76) (9.30)

Vol (t-1) 0.0408 0.261*** 0.335*** 0.439*** 0.103** 0.300*** 0.386*** 0.537***
(1.12) (6.60) (13.52) (15.54) (2.04) (5.14) (10.59) (13.25)

IND (t-1) 0.0830*** 0.0703*** 0.0338*** 0.00531 0.0786*** 0.104*** 0.0294*** 0.0167
(7.20) (5.63) (4.34) (0.60) (5.39) (6.18) (2.79) (1.43)

Tenure (t-1) -0.0499*** -0.0282*** -0.0229*** 0.00953* -0.0363*** -0.0212** -0.0185*** 0.0184**
(-7.09) (-3.71) (-4.81) (1.76) (-4.05) (-2.04) (-2.86) (2.55)

NCEO (t) 0.0173 -0.0532** 0.0720*** -0.00133 0.0390 -0.0209 0.0806*** 0.0269
(0.83) (-2.36) (5.12) (-0.08) (1.53) (-0.71) (4.38) (1.31)

Dual (t-1) 0.0131 0.00486 0.0138* -0.0152* -0.000423 0.000390 0.00814 -0.0164
(1.19) (0.41) (1.87) (-1.79) (-0.03) (0.02) (0.79) (-1.42)

Constant 0.341*** 0.803*** -0.202*** 0.416*** 0.228** 0.700*** -0.323*** 0.224***
(4.84) (10.53) (-4.24) (7.65) (2.37) (6.43) (-4.75) (2.96)

Year FE Y Y Y Y
Industry FE Y Y Y Y

N 6496 6496 3323 3323
R-sq 0.075 0.133 0.208 0.330 0.082 0.158 0.230 0.374

***,**, and *: significance at the 1, 5, and 10 percent level, respectively.



Table 6: CEO and directors pay-for-performance compensation and determinants of
compensation structure: Financial firms

This table reports the coefficient estimates from seemingly unrelated regressions (SUR) for financial firms. The analyses reported in
panel A consider both non-financial and financial firms while in panel B, only financial firms are considered. In model (1) and (3) of
both panels, the dependent variables are CEO p and BRD p, which are indicators for the firm years awarding stock option grants to
the CEO and outside directors, respectively. In model (2) and (4), the dependent variables are CEO r and BRD r, which refer to (the
value of stock options granted to the CEO/total compensation for CEO) and (the value of stock options granted to outside
directors/total compensation for outside directors), respectively. The independent variables include Bank=1 if Fama-French 48
industrial code is 44, 0 otherwise; DIRBLK=1 if a blockholder (who owns more than 5% of the outstanding common shares) sits on
the board as an outside director, 0 otherwise; and ln(Sale)= the natural logarithm of sales. To fully exploit the observations, DIRBLK
is considered only in model (3) and (4) of each panel. The details about other control variables are available in Table 1. Independent
variables are lagged by one year. All specifications include the year dummy and the industry dummy variables (created by Fama-Frech
48 industrial classification code). The standard errors computed in SUR is robust for correlation between equations. In parentheses,
t-statistics are reported.

(1) (2) (3) (4)
CEO p BRD p CEO r BRD r CEO p BRD p CEO r BRD r

Bank 0.0507 -0.0820* 0.0316 -0.0458 0.0228 -0.164*** 0.0406 -0.0573
(1.57) (-1.95) (1.48) (-1.64) (0.58) (-2.92) (1.30) (-1.50)

DIRBLK 0.0121 -0.213*** 0.00553 -0.0519
(0.23) (-2.85) (0.13) (-1.02)

ln(Sale) (t-1) 0.0194** -0.0278*** 0.0288*** -0.0289*** 0.00825 -0.0544*** 0.0286*** -0.0384***
(2.38) (-2.63) (5.35) (-4.12) (0.75) (-3.45) (3.27) (-3.58)

ROA (t-1) -0.844*** 0.0913 -0.456** 0.452* -0.630 -0.490 -0.639* -0.133
(-2.97) (0.25) (-2.43) (1.84) (-1.31) (-0.71) (-1.68) (-0.28)

Loss (t-1) -0.137 0.0323 -0.0687 -0.103 0.0528 0.0276 -0.119 -0.113
(-1.35) (0.25) (-1.03) (-1.18) (0.31) (0.11) (-0.89) (-0.69)

KZ4 (t-1) -0.0418** 0.00839 -0.0269** 0.00649 -0.0295 0.0119 -0.0382** -0.0213
(-2.48) (0.38) (-2.42) (0.45) (-1.39) (0.39) (-2.27) (-1.03)

LTD (t-1) -0.0197 -0.173*** -0.00725 -0.116*** -0.0550 -0.212*** 0.0108 -0.138**
(-0.41) (-2.76) (-0.23) (-2.80) (-0.97) (-2.61) (0.24) (-2.50)

Return (t-1) 0.0481 0.0532 0.0540** 0.102*** 0.0344 0.105 0.0677* 0.161***
(1.19) (1.01) (2.03) (2.94) (0.69) (1.48) (1.71) (3.32)

Return (t) 0.0681* 0.0497 0.00942 0.0262 0.0774* 0.0733 0.0228 0.0500
(1.89) (1.06) (0.40) (0.84) (1.88) (1.25) (0.70) (1.25)

MB (t-1) -0.0313** 0.0186 0.00253 0.0293** -0.0484** 0.0247 -0.00786 0.0264
(-2.17) (0.99) (0.27) (2.36) (-2.48) (0.89) (-0.51) (1.39)

Vol (t-1) -0.128 0.573*** 0.324*** 0.679*** -0.210 0.834*** 0.410*** 0.924***
(-1.34) (4.63) (5.16) (8.28) (-1.51) (4.20) (3.72) (6.84)

IND (t-1) 0.0618** -0.000135 0.0599*** -0.0345 0.0385 0.0521 0.0535* 0.0110
(2.03) (-0.00) (2.98) (-1.32) (1.11) (1.05) (1.95) (0.33)

Tenure (t-1) -0.0226 -0.00882 -0.00200 0.0233 -0.0195 -0.0555* 0.0165 0.00440
(-1.32) (-0.40) (-0.18) (1.58) (-0.95) (-1.91) (1.02) (0.22)

NCEO(t) 0.0290 -0.0948 0.0479 -0.000456 -0.0563 -0.162* 0.0358 -0.0382
(0.54) (-1.35) (1.34) (-0.01) (-0.86) (-1.73) (0.69) (-0.60)

Dual (t-1) 0.0628** -0.00133 0.0404** -0.0339 0.0738** 0.0484 0.0577** 0.00453
(2.25) (-0.04) (2.20) (-1.41) (2.18) (1.00) (2.15) (0.14)

cons 0.701*** 0.714*** -0.0692 0.382*** 0.820*** 0.943*** -0.137 0.421***
(6.91) (5.41) (-1.03) (4.37) (6.48) (5.22) (-1.36) (3.42)

Year FE Y Y Y Y
N 1003 1003 509 509

R-sq 0.094 0.104 0.169 0.220 0.105 0.177 0.117 0.255
***,**, and *: significance at the 1, 5, and 10 percent level, respectively.



Table 7: CEO-directors joint compensation structure: Non-financial firms

Each panel of this table presents the average partial effect estimates of three multinomial logit regressions for non-financial firms. Panels A and B report the
results from the extended sample period (i.e., 1996-2005 without directors’ blockholding ownership) and from the shorter sample period (i.e., 1996-2001 but
including directors’ blockholding ownership), respectively. To highlight the economic significance, this table presents values for the average partial effects, not
the standard multinomial logit coefficients. In each panel, dependent variables are categorical compensation variables: CEOBRD r in the first four columns,
CEOBRD p in the next four columns, and CEOBRD indr in the last four columns. All independent variables reported in Table 5 are considered but this table
presents only partial effects of R&D 4yr, DIRBLK, Segments and ln(Sales). The details about dependent and independent variables are available in Table 1.
All specifications include one-year lagged independent variables and also control for the year dummy and the industry dummy variables (created by Fama-Frech
48 industrial classification code). The standard errors are adjusted for clustering at the industry level. In parentheses, t-statistics are reported.

Panel A: all firms
CEOBRD r CEOBRD p CEOBRD indr

LL LH HL HH LL LH HL HH LL LH HL HH

R&D 4yr (t-1) -0.0412** -0.00547 0.0420 0.00474 -0.0276*** -0.0142 0.0568** -0.0150 -0.0780*** -0.0270 0.0560* 0.0490
(-2.15) (-0.30) (1.36) (0.11) (-2.61) (-1.22) (2.14) (-0.47) (-3.02) (-1.47) (1.79) (1.05)

Segments (t-1) 0.0177** -0.00142 0.00999 -0.0263** 0.00382 0.00399 0.00800 -0.0158 0.0212* -0.0118 0.00856 -0.0180
(2.04) (-0.17) (1.15) (-2.34) (0.63) (0.60) (1.00) (-1.63) (1.67) (-1.30) (0.90) (-1.54)

ln(sales) (t-1) -0.0166* -0.0325*** 0.0479*** 0.00122 -0.0000288 -0.0150** 0.0259*** -0.0108 -0.0115 -0.0361*** 0.0425*** 0.00512
(-1.65) (-4.76) (6.12) (0.10) (-0.01) (-2.47) (3.21) (-0.92) (-1.19) (-5.05) (5.37) (0.47)

Controls Y Y Y
Year FE Y Y Y

Industry FE Y Y Y
N 6496 6496 6496

Panel B: firms with DIRBLK
CEOBRD r CEOBRD p CEOBRD indr

LL LH HL HH LL LH HL HH LL LH HL HH

R&D 4yr (t-1) -0.0699** 0.0195 0.0457 0.00477 -0.0189 -0.00323 0.0657* -0.0436 -0.0965*** -0.0143 0.0732** 0.0377
(-2.30) (0.78) (1.22) (0.13) (-1.39) (-0.17) (1.90) (-1.35) (-2.87) (-0.48) (2.06) (0.97)

DIRBLK (t-1) 0.00667 0.0354 0.0802*** -0.122*** 0.00663 0.0182 0.0505 -0.0754* -0.00447 0.0176 0.0437 -0.0569**
(0.32) (1.36) (3.21) (-4.28) (0.53) (0.93) (1.17) (-1.72) (-0.16) (0.58) (1.57) (-2.07)

Segments (t-1) 0.00315 -0.0113 0.0141 -0.00595 -0.00950** -0.00519 0.0183** -0.00361 -0.00300 -0.00990 0.0189** -0.00603
(0.29) (-1.48) (1.55) (-0.53) (-2.33) (-0.71) (1.96) (-0.30) (-0.22) (-1.16) (2.19) (-0.54)

ln(sales) (t-1) -0.0217** -0.0298*** 0.0520*** -0.000493 -0.00603 -0.00450 0.0324*** -0.0219* -0.0286*** -0.0318*** 0.0513*** 0.00904
(-1.98) (-2.88) (5.23) (-0.04) (-1.53) (-0.54) (3.56) (-1.89) (-2.72) (-2.92) (4.52) (0.74)

Controls Y Y Y
Year FE Y Y Y

Industry FE Y Y Y
N 3323 3323 3323

***,**, and *: significance at the 1, 5, and 10 percent level, respectively.



Table 8: CEO-directors joint compensation structure: Financial firms

Each panel of this table presents the average partial effect estimates of three multinomial logit regressions for financial firms. Panels A and B report the results
from the extended sample period (i.e., 1996-2005 without directors’ blockholding ownership) and from the shorter sample period (i.e., 1996-2001 but including
directors’ blockholding ownership), respectively. To highlight the economic significance, this table presents values for the average partial effects, not the
standard multinomial logit coefficients. In each panel, dependent variables are categorical compensation variables: CEOBRD r in the first four columns,
CEOBRD p in the next four columns, and CEOBRD indr in the last four columns. All independent variables reported in Table 6 are considered but this table
presents only partial effects of Bank, DIRBLK, and ln(Sales). The details about dependent and independent variables are available in Table 1. All specifications
include one-year lagged independent variables and also control for the year dummy. The standard errors are adjusted for clustering at the industry level in
Panel A but not in panel B since the number of observations is not sufficient. In parentheses, t-statistics are reported.

Panel A: All firms
CEOBRD r CEOBRD p CEOBRD indr

LL LH HL HH LL LH HL HH LL LH HL HH

Bank 0.0212 -0.0374** 0.0517 -0.0355** -0.0479** -0.00400 0.129*** -0.0767 -0.0477* 0.0382 -0.0287 0.0381
(0.36) (-2.51) (1.26) (-2.08) (-2.27) (-0.21) (2.90) (-1.46) (-1.68) (0.84) (-0.94) (1.09)

ln(sales) (t-1) 0.000811 -0.0473** 0.0504*** -0.00390 -0.00554 -0.0146* 0.0339*** -0.0138*** -0.00363 -0.0346*** 0.0306* 0.00759
(0.04) (-2.33) (4.26) (-0.31) (-0.48) (-1.66) (25.86) (-4.02) (-1.06) (-3.52) (1.93) (0.70)

Controls Y Y Y
Year FE Y Y Y

N 1003 1003 1003

Panel B: Firms with DIRBLK
CEOBRD r CEOBRD p CEOBRD indr

LL LH HL HH LL LH HL HH LL LH HL HH

Bank 0.0652 -0.0961** -0.00772 0.0386 -0.000988 -0.0285 0.170*** -0.141** -0.0166 0.00794 -0.0882 0.0968*
(1.10) (-2.52) (-0.13) (0.75) (-0.03) (-1.12) (2.79) (-2.30) (-0.29) (0.17) (-1.59) (1.75)

DIRBLK (t-1) -0.198** 0.0803* 0.203*** -0.0856 -0.0113 0.0172 0.213*** -0.218*** -0.0376 0.0465 0.146** -0.155*
(-2.39) (1.73) (2.90) (-1.11) (-0.28) (0.46) (3.19) (-2.73) (-0.53) (0.80) (2.32) (-1.82)

ln(sales) (t-1) -0.00969 -0.0443*** 0.0662*** -0.0122 0.00363 -0.0121 0.0508*** -0.0423*** 0.00776 -0.0603*** 0.0485*** 0.00402
(-0.65) (-3.54) (4.33) (-0.83) (0.44) (-1.34) (3.36) (-2.61) (0.54) (-4.25) (3.47) (0.26)

Controls Y Y Y
Year FE Y Y Y

N 509 509 509
***,**, and *: significance at the 1, 5, and 10 percent level, respectively.



Appendix A Proof of Propositions and Lemmas

Proof of Lemma 3.1: This is straightforward since the zero board compensation in-
duces the board to truthfully report the manager’s choice of ∆ and to remain unin-
formed about θ.

Proof of Lemma 3.2: The first order condition of maximizing Vm(θ̂m, e; θi, w
′
m) with

respect to e is
θi(um(θ̂m)− dm(θ̂m)− γme = 0,

which proves the lemma.

Proof of Proposition 3.3: Since zero compensation induces the board to truthfully
reports to shareholders about the message received from the manager θ̂m and to
produce truthful evidence of the manager’s choice of ∆, this case is equivalent to the
case in which shareholders directly communicate and contract with the manager by
observing the manager’s choice of ∆ but not the productivity θ. In what follows, I first
show that the optimal managerial compensation contract features a pooling contract
with respect to θ̂m and then characterize the optimal contractual arrangements. For
simplicity, I define σjm ≡ w

′
m(θmj ) = (ujm,m

j
m, d

j
m) for j = h, l. Suppose that σhm 6= σlm.

Since shareholders observe the manager’s choice of ∆, they can require the manager
to make a certain choice of ∆j ∈ {∆0,∆s} when the manager reports to shareholders
θjm. Without loss of generality, I consider the case in which uhm − dhm > ulm − dlm
(i.e., shareholders induce higher managerial effort when the manager reports θmh ) and
shareholders require ∆h = ∆0. Lemma 3.2 suggests that for θ = θi (i = h, l), the

manager who reports θmj selects the effort level as ei,j = θi(u
j
m−djm)
γm

. Thus, when the

manager observes θ = θl, his expected utility from reporting θhm is

V l,h
m =

1

3
(uhm +mh

m + dhm) +
θ2
l (u

h
m − dhm)2

2γm
(A-1)

and, thus, the manager truthfully reports θml if and only if

V l,l
m =

1

3
(ulm +ml

m + dlm) +
θ2
l (u

l
m − dlm)2

2γm
+ ∆l(ulm + dlm − 2ml

m) ≥ V l,h
m (A-2)

Note that (A-2) is binding. When shareholders offer the manager a menu of separating
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contracts, shareholder value can be written as:

V sep
s = V0 +

θ2
h(u

h
m − dhm)

γm
p(ru − rd) +

θ2
l (u

l
m − dlm)

γm
(1− p)(ru − rd)

− p
[

1

3
(uhm +mh

m + dhm) +
θ2
h(u

h
m − dhm)2

γm

]
− (1− p)

[
1

3
(ulm +ml

m + dlm) +
θ2
l (u

l
m − dlm)2

γm
+ ∆l(ulm + dlm − 2ml

m)

]
(A-3)

Alternately, by offering a pooling contract {uhm,mh
m, d

h
m}, shareholders obtain the

expected pay-off:

V h
s = V0 +

θ2
h(u

h
m − dhm)

γm
p(ru − rd) +

θ2
l (u

h
m − dhm)

γm
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[

1

3
(uhm +mh
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h(u

h
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]
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[
1

3
(uhm +mh
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h
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γm

]
(A-4)

Since (A-2) is binding, (A-4) can be rewritten as

V h
s = V0 +

θ2
h(u

h
m − dhm)

γm
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θ2
l (u

h
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[
1
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2γm
+ ∆l(ulm + dlm − 2ml

m)

]
− (1− p)θ

2
l (u

h
m − dhm)2

2γm
(A-5)

By subtracting (A-3) from (A-5),

V h
s − V sep

s =
(1− p)(λh − λl)

γm

[
(ru − rd)− λh + λl

2

]
, (A-6)

where λh = θ2
l (u

h
m − dhm) and λl = θ2

l (u
l
m − dlm)

Shareholders never offer a compensation such that λh > ru− rd. Since λh > λl, V h
s >

V sep
s , which implies that shareholders would rather offer {uhm,mh

m, d
h
m} as a pooling

contract than offer a menu of separating contracts. To find the optimal pooling
contract, I solve for the managerial compensation {uhm,mh

m, d
h
m} that maximizes (A-4).
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Obviously, mh
m = dhm = 0. The first order condition with respect to uhm is

(pθ2
h + (1− p)θ2

l )(r
u − rd)

γm
− 1

3
− 2(pθ2

h + (1− p)θ2
l )u

h
m

γm
= 0, (A-7)

which proves the proposition.

Proof of Lemma 4.1: The lemma is proved by showing that for any board com-
pensation wb(θ̂b, ∆̂, σm, r̃) that induces the board to truthfully reports its private
information about θ, there exists a corresponding board compensation that has a
form characterized in the lemma and induces the same board’s choices and the asso-
ciated managerial actions. For an arbitrary truth-telling mechanism wb(θ̂b, ∆̂, σm, r̃),
set ∆̂h ∈ {∆̂0, ∆̂s} and σhm = wm(∆̂h) (resp. ∆̂l and σlm = wm(∆̂l)) are the board’s
choices of ∆̂ and σm when the board reports θbh (reps. θbl ). Consider an alternative

board compensation contract w
′

b(θ̂b, ∆̂, σm, r̃) such that

w
′

b(θ̂b, ∆̂, σm, r̃) =

{
wb(θ̂b, ∆̂, σm, r̃) if (θ̂b, ∆̂, σm, r̃) = (θbh, ∆̂

h, σhm, r̃) or (θbl , ∆̂
l, σlm, r̃)

(0, 0, 0) otherwise.

Then, the informed board’s optimal choices induced by w
′

b and the associated man-
agerial choices equal to the corresponding choices induced by wb. The uninformed
board’s expected compensation from w

′

b is lower than that from wb and, thus, w
′

b

satisfies the board’s monitoring incentive compatibility constraints. This proves the
lemma.

Proof of Lemma 4.2 and Lemma 4.6: omitted since they are similar to the proof of
lemma 4.1.
Proof of Proposition 4.3 and Proposition 4.7: omitted since they are fully discussed
in the text.

Proof of Proposition 4.5 and Proposition 4.9: refer to the proof of lemma 3.2

Proof of Proposition 4.10: To prove proposition 4.10, I first prove the following lemma
which characterizes the optimal form of managerial compensation:

Lemma A.1. In the informed board case, the optimal managerial compensation fea-

tures either σjm = (ujm, 0, 0) or (ujm,
ujm
2
, 0) for j = h, l.
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Proof of Lemma A.1: Consider a case in which shareholders induce the informed
board to offer the manager σjm = {ujm,mj

m, d
j
m} such that ujm + djm > 2mj

m and
mj
m, d

j
m > 0 when they receive the board’s message θbj (j = h, l). As implied by

propositions 4.5 and 4.9, when the manager observes θ = θi (i = h, l), σjm induces

managerial effort ei,j = θi(u
j
m−djm)
γm

. Corollaries 4.4 and 4.8 also imply that given σjm as
above, the manager chooses ∆0 if and only if shareholders induce the board to report
∆̂j = ∆̂0 and award board compensation such that Cj

b = ujb + djb − 2mj
b ≤ 0. Now

consider an alternative managerial compensation contract σj
′
m = {ujm − djm, 0, 0}. It

is apparent that the managerial actions (e,∆) induced by σj
′
m equals the managerial

actions induced by σjm. Therefore, the board compensation contracts that replace σjm
with σj

′
m also satisfies the board’s monitoring incentive compatibility constraints while

it reduces the expected value of managerial compensation. Hence, shareholders would
induce the board to offer the manager σj

′
m rather than σjm. Similarly, the managerial

compensation plan such that ujm + djm < 2mj
m and/or djm > 0 is dominated by an

alternative compensation plan {ujm, u
j
m

2
, 0}.

Next, I prove the following lemma which characterizes the optimal form of board
compensation:

Lemma A.2. The optimal board compensation features that σhb = (uhb , 0, 0) or (uhb ,
uhb
2
, 0)

and σlb = (f lb, f
l
b, f

l
b).

Proof of Lemma A.2: Without loss of generality, I focus on the case in which uhm ≥ ulm
since otherwise shareholder do not induce the board to monitor θ. I first show
that wlb should be a fixed wage. Suppose that ulb > dlb. Then, since θh ≥ θl,
V h,l
b (wb) > V l,l

b (wb), where V i,j
b (wb) is the informed board’s expected compensa-

tion when the board observes θ = θi and reports θbj (i, j ∈ {h, l}). Now suppose
that shareholders alternately offer the board a fixed wage σlb = {f lb, f lb, f lb} such that
f lb = V l,l

b (wb). Then, when the board observes θ = θh and falsely reports to sharehold-

ers θbl , its expected compensation also corresponds to f lb. Since V h,l
b (wb) > f lb, con-

straint (22) does not change while (23) is relaxed. Therefore, shareholders can reduce
the expected value of the compensation awarded to the board who reports θbh. Next, I

show that σhb = (uhb , 0, 0) or (uhb ,
uhb
2
, 0). For the board compensation σhb = {uhb ,mh

b , d
h
b}

such that dhb > 0, let us consider an alternative plan σh
′

b = {uhb + k1d
h
b ,m

h
b , 0}, where

k1 =
1
3
− θ

2
hu
h
m

γm
+∆h

1
3

+
θ2
h
uhm
γm

+∆h
. If shareholders replace whb with σh

′

b , (22) is relaxed while (23) does

not change and, thus, shareholders can obtain higher expected pay-off. Now sup-

pose that mh
b >

uhb
2

and the board induces ∆h = ∆0. Then, shareholders can offer

σh
′

b = {uhb + k2ε,
uhb+k2ε

2
, 0}, where k2 =

1
3

1
3

+
θ2
h
uhm
γm

and ε =
2mhb−u

h
b

2+k2
. Then, (22) is relaxed
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while (23) does not change and, thus, shareholders can obtain higher expected pay-
off. Similarly, if the board induces ∆h = ∆0 and mh

b > 0, shareholders can obtain

higher expected pay-off by offering wh
′

b = {uhb + k3m
h
b , 0, 0}, where k3 =

1
3
−2∆s

1
3

+
θ2
h
uhm
γm

+∆s

.

By lemmas A.1 and A.2, I can prove proposition 4.10 by showing that (i) σlm =

(ulm, 0, 0) and (ii) the optimal compensation structure can feature either σhm = (uhm,
uhm
2
, 0)

or σhb = (uhb ,
uhb
2
, 0) but not both. First, corollary 4.4 implies that the fixed board wage

σlb = (f lb, f
l
b, f

l
b) provides the board with incentives to induce the managerial choice

∆0 by truthfully reporting to shareholders about the managerial choice of ∆. There-
fore, the optimal compensation structure features σlm = (ulm, 0, 0) which induces the
managerial effort most efficiently. Next, corollary 4.4 also implies that to induce the
managerial choice of ∆s when the board reports θbh, either Ch

m = 0 or Ch
b = 0. If

σhm = (uhm,
uhm
2
, 0) (i.e., Ch

m = 0) and induces the managerial choice of ∆0, the optimal
board compensation features σhb = (uhb , 0, 0) which induces the board’s monitoring on

θ most efficiently. On the other hand, σhb = (uhb ,
uhb
2
, 0) (i.e., Ch

b = 0) which provides
the board’s incentives to induce the managerial choice of ∆0, the optimal managerial
compensation features σhm = (uhm, 0, 0) which induces the managerial effort most effi-
ciently.

Proof of Proposition 4.12: Since (26) and (25) are binding at the optimal compensa-
tion, uhb and f bl of the optimal compensation structure correspond to

uhb =
γbγm

p(1− p)(θ2
h − θ2

l )u
h
m

(A-8)

f lb =


(1

3
+ ∆s +

θ2
l u
h
m

γm
)uhb + γb

1−p in speculation case

(1
2

+
θ2
l u
h
m

γm
)uhb + γb

1−p in disciplinary board case

(1
3

+
θ2
l u
h
m

γm
)uhb + γb

1−p in contracting board case

(A-9)

Therefore, by plugging the optimal forms of contracts stated in proposition 4.10,(A-8)
and (A-9) into shareholders’ problems specified in (24)-(28), I obtain the following
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first order conditions with respect to uhm in each case:

SP:
pθ2

h(r
u − rd)
γm

− p

[(
1

3
+ ∆s

)
+

2θ2
hu

h
m,sp

γm

]
+

(
1

3
+ ∆s

)
γbγm

p(1− p)(θ2
h − θ2

l )(u
h
m,sp)

2
= 0

(A-10)

DB:
pθ2

h(r
u − rd)
γm

− p

[
1

3
+

2θ2
hu

h
m,db

γm

]
+

γbγm

2p(1− p)(θ2
h − θ2

l )u
h
m,db

2 = 0 (A-11)

CB:
pθ2

h(r
u − rd)
γm

− p

[
1

2
+

2θ2
hu

h
m,cb

γm

]
+

γbγm

3p(1− p)(θ2
h − θ2

l )u
h
m,cb

2 = 0 (A-12)

and the first order condition with respect to ulm implies that the optimal compensa-

tion features ulm = ru−rd
2
− γm

6θ2
l

Proof of Proposition 4.13: uhm,db > uhm,sp > uhm,cb is immediate from (A-10), (A-11),

and (A-12). ulm,db = ulm,sp = ulm,cb is demonstrated in proposition 4.12. uhb,cb >

uhb,sp > uhb,db is immediate from the relation uhm,db > uhm,sp > uhm,cb and (A-8). Finally,

f lb,db > f lb,sp > f lb,cb is obtained from (A-9) and the first order conditions, (A-10),
(A-11), and (A-12).

Proof of Proposition 5.1: Shareholder values specified in (29)-(32) imply that:

1. ∆s: Higher ∆s decreases shareholder value only in speculation case. Thus,
higher ∆s either decreases shareholders value in informed board cases relative
to the uninformed board case (when speculation case is the optimal among
informed board cases) or does not affect shareholders value (when speculation
case is not optimal)

2. γb: Higher γb decreases shareholder value in all three informed board cases while
it does not affect shareholder value in uninformed board case

3. Dθ: Higher Dθ increases shareholder value in all three informed board cases
while it does not affect shareholder value in uninformed board case

4. ru − rd: By envelop theorem, the shadow price of ru − rd in each case is as
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follows:

Uninformed board case:
Vθ
γm

(
ru − rd

2
− γm

6Vθ

)
Speculation case:

pθ2
hu

h
m,s + (1− p)θ2

l u
l
m,s

γm

Disciplinary board case:
pθ2

hu
h
m,d + (1− p)θ2

l u
l
m,d

γm

Contracting board case:
pθ2

hu
h
m,c + (1− p)θ2

l u
l
m,c

γm

The first order conditions (A-10)-(A-12) imply that uhm,d > uhm,s > uhm,c >
ru−rd

2
− γm

6θ2
h

and proposition 4.12 states that ulm,d = ulm,s = ulm,c = ru−rd
2
− γm

6θ2
l
.

Thus, the shadow price of ru−rd in the three informed board cases is higher than
that in uninformed board case. This implies that higher ∆s increases sharehold-
ers value in informed board cases relative to shareholder value in uninformed
board case.

Proof of Proposition 5.2: This is immediate from (30)-(32) which show that ∆s does
not affect shareholder value in disciplinary board and contracting board cases while
it decreases shareholder value in speculation case.

Proof of Proposition 5.3:
1. γb: By envelop theorem, the shadow price of γb in each case is as follows:

Speculation case: −
(

1

3
+ ∆s

)
2

Dθuhm,s
−
(

Vθ
γmDθ

+ 1

)
Disciplinary board case: − 1

Dθuhm,d
−
(

Vθ
γmDθ

+ 1

)
Contracting board case: − 2

3Dθuhm,c
−
(

Vθ
γmDθ

+ 1

)
As demonstrated in (30)-(32), shareholder value in disciplinary board case is larger
than those in other informed board cases if

− γb
Dθuhm,d

+
pθ2

hu
h
m,d

2

γm
≥ −

(
1

3
+ ∆s

)
2γb

Dθuhm,s
+
pθ2

hu
h
m,s

2

γm
(A-13)
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and

− γb
Dθuhm,d

+
pθ2

hu
h
m,d

2

γm
≥ − 2γb

3Dθuhm,c
+
pθ2

hu
h
m,c

2

γm
(A-14)

As stated in proposition 4.13, uhm,d > uhm,s > uhm,c and therefore when shareholders
obtain the same value in all three cases,

1

Dθuhm,d
>

(
1

3
+ ∆s

)
2

Dθuhm,s
>

2

3Dθuhm,c
.

This implies that higher γb decreases shareholders value most in disciplinary board
case. Thus, the optimal compensation is more likely to belong to disciplinary board
case as γb decreases. Thus, the result is proved.
2. Dθ: omitted since it is very similar to the proof relative to γb.
3. ru − rd: By envelop theorem, the shadow price of ru − rd in each regime is as
follows.

Speculation case:
pθ2

hu
h
m,s + (1− p)θ2

l u
l
m

γm

Disciplinary board case:
pθ2

hu
h
m,d + (1− p)θ2

l u
l
m

γm

Contracting board case:
pθ2

hu
h
m,c + (1− p)θ2

l u
l
m

γm

Since uhm,d > uhm,s > uhm,c and ulm,d = ulm,s = ulm,c, higher ru− rd increases shareholder
value in disciplinary board case relative to other cases.

B Construction of pay-for-performance compen-

sation measures

Relative to CEO compensation, Execucomp provides the dollar amount of total com-
pensation and Black-Scholes value of option grants and, thus, the construction of
pay-for-performance compensation measures is straightforward. Relative to outside
director compensation, however, it provides four the annual cash retainer, the fee paid
for attending board meetings, the number of stock grants and the number of stock
option grants. Thus, to construct the pay-for-performance director compensation
measure, I should compute fair values of stock and stock option grants. Following
Ryan and Wiggins [2004], I define (i) the fair value of stock grants as the number of
stock grants times the closing price of the previous fiscal year and (ii) the fair value
of option grants as Black-Scholes value of a 10-year at-the-money option whose strike
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price equals the closing price of the previous fiscal year, volatility equals the stan-
dard deviation of stock returns over the last 60 month and dividend yield equals the
average dividend yields over the last 3 years. Stock return volatilities and dividend
yields are provided by Execucomp. In particular, the database separates the annual
equity grants awarded on a regular schedule and one-time grants made on an irregular
schedule. To examine the total compensation package, I consider both types of grants
in the analysis.

81


