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Abstract

We analyze the effects of optimism and overconfidence when the man-
ager’s compensation package includes severance pay and the CEO has
some bargaining power. We find that overconfidence reduces incentive
pay as found by previous literature but (when high enough) increases
severance pay, while managerial optimism increases severance pay with
no countervailing effect. For high values of overconfidence the incentive
compatibility constraint cannot be satisfied and an inefficient level of in-
vestment is chosen. Our simple model helps explaining several features
of the large severance payments documented by empirical literature. It
shows that the optimal contractual severance pay is lower than the actual
payment in case of turnover; and that the overall severance payment to
the departing CEO is larger than the incentive pay in case of success.
Consequently, the attempt to exploit the lower cost of incentives due to
overconfidence, may backfire if the CEO is replaced.
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1 Introduction

A vast and well-documented empirical evidence suggests that overconfidence is
a common phenomenon at the root of many observed behaviors among CEOs
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(Malmendier and Tate, 2015). Theoretical and empirical literature has shown
that managerial biases influence contract design and CEO behavior in many
different aspects, such as CEO choice of projects (see the survey in Melmandier
and Tate 2005), CEO hiring (Goel and Thakor 2008) and CEO compensation
(de La Rosa 2011, Gervais et al. 2011 and Otto 2014).

In particular, some authors have suggested that principals can benefit from
hiring an overconfident manager. In a standard agency model with moral haz-
ard, the optimal contract trades off risk insurance and incentive provision. Man-
agerial overconfidence (and the resulting divergence of beliefs between principal
and agent) affects the trade-off between risk and incentives and makes it easier
to satisfy the incentive compatibility constraint. This is so because the manager
overestimates the probability of success and this, in turn, makes it cheaper to
induces her/him to exert effort. In other words, the amount of the compensa-
tion necessary to induce the agent to exert a given level of effort decreases (see
de La Rosa 2011, Gervais et al. 2011, Otto 2014, and Humphery-Jenner et al.
2016). Consequently, firms can exploit the misvaluation of their executives by
offering a compensation structure with a particularly heavy incentive pay (the
so-called exploitation hypothesis empirically investigated in Humphery-Jenner
et al. 2016).

Another strand of literature has analyzed severance pay and its role from
an optimal contracting point of view. Severance agreements are an important
component of managerial contracts given the high turnover among executives,
even more so when a manager has to make long-lasting investments and the
prospect of being replaced may interfere with her/his decision. If the board
cannot commit to retain the manager once the investment is in place, there is
room for opportunistic behavior. Severance pay may alleviate the moral hazard
problem created by the unobservability and the firm-specific nature of the in-
vestment (see for example Almazan and Suarez (2003) and Inderst and Mueller
(2010)). On the other hand, the critics of severance pay have pointed out that,
by insulating the manager from the consequences of poor performance, sever-
ance pay is simply a "reward for failure" that violates the pay-for-performance
principle of agency theory (Bebchuk and Fried 2004).

Overall, empirical research on severance agreements offers support to the
efficiency explanation of severance agreements (Cadman et al. 2016; Rau and
Xu 2013) and shows that the discretionary component in excess of contractual
severance agreements is consistent with good governance in forced turnover
(Goldman and Huang 2015).!Then, a natural question is if and how we can
reconcile optimal contracting with the large severance payments offered to de-
parting CEOs that often media interpret as shareholders expropriation. Can a
large discretionary pay be optimal when the CEO is forced out because a better
CEO has been identified? Though overconfidence may affect severance pay and
the replacement decision in many ways, there are no studies of its effects on
severance agreements and board’s replacement decision. The present paper is a
first attempt to fill this gap by analyzing the effect of managerial optimism and
overconfidence when the CEO is fired. We follow the previous literature (see de

IThere are however contrasting view as for example Muscarella and Zhao (2015).



la Rosa 2011, among others) and we distinguish between optimism according to
which the manager has a higher subjective belief on the probability of success
than the “true” probability, and overconfidence that increases the manager’s
assessment of the increase in the probability of success due to her/his effort.
In our context, effort takes the form of a firm-specific investment. The man-
ager can decide whether to undertake a positive level of investment choosing
from two different values (an efficient and an inefficient one) or whether to ab-
stain from investing. We investigate how optimism and overconfidence affect
both investment choice and the amount of separation pay necessary to induce
the manager to leave and how this in turn affects profits. We build upon the
analysis of Almazan and Suarez (2003) who suggest that a sizeable severance
pay may be desirable to induce an unbiased manager to take non-contractible
actions beneficial for the firm. They show that a mix of severance pay and some
degree of entrenchment, rather than just incentive pay, can be a cheaper way
to induce the manager to take the desired action. In their model, severance
pay is renegotiated at the time when separation occurs, implying that its exact
amount is established ex-post when the board knows whether the investment has
been made. This costs less than motivating the manager through incentive pay
which has to satisfy the incentive compatibility constraint ex-ante, and therefore
is only indirectly related to the desired actions. If renegotiation may occur, the
manager is motivated to undertake the investment because he anticipates that
this will increase his bargaining position at the bargaining stage.

Almazan and Suarez consider an unbiased manager. Overconfidence and
optimism create a wedge between board’s and manager’s belief of expected profit
that affects the amount of severance pay asked by the manager. Indeed, if the
manager has bargaining power, he leaves the firm only when an "appropriate"
amount of severance pay is negotiated and this "appropriate" amount depends
on optimism and overconfidence, both directly and through the choice of the
investment level. Replacing the manager becomes more costly and results in
higher entrenchment.

A crucial assumption in what follows is that the incumbent manager has
some bargaining power because she/he can credibly threaten to resist being re-
placed. The idea underlying this assumption is that the incumbent manager can
oppose his replacement by making it a costly and contentious process so that
valuable opportunities are missed and firm value decreases. Furthermore, the
manager may also take value-destroying decisions. To allow a smooth replace-
ment process, the board is willing to renegotiate the separation agreements and
agree to a payment high enough to avoid a costly opposition.

Empirical evidence indicates that payments in excess of contractual sever-
ance pay are common, and particularly so, in forced turnover events (Goldman
and Huang, 2015). In other words, when the replacement generates a positive
surplus, both the board and the CEO may find it advantageous to renegoti-
ate the contractual agreement and increase the severance payment in order to
guarantee a smooth turnover. For instance, in 2019 McDonald’s CEO Steve
Easterbrook, got a very generous exit package of more 37 million $ because
his relationship with an employee violated company policy. In this case, the



board determined his firing to be not for cause — a discretionary threshold.
A commentator explained this decision saying that "litigation in a protracted
dispute can be tricky and expensive".? Later, when new accusations came to
light, the company tried to claw back millions of severance pay. However, the
story is indicative of the large severance payment commonly agreed upon and
of its discretionary terms.

In what follows, we assume that the manager can oppose replacement if
contractual severance pay is smaller than what the manager believes would
receive by staying with the firm, an amount that can be considered his "outside
options" in the bargaining process. Thus we consider a model where severance
pay is renegotiated whenever this is mutually advantageous. We believe this is
a reasonably conservative assumption.’

The main findings of the paper can be summarized as follows. First, over-
confidence and optimism have different impact on managerial compensation and
consequently on firm expected profit. While optimism always raises severance
payment increasing entrenchment and is thus detrimental for the firm, over-
confidence may be either advantageous or detrimental depending on the degree
of the bias. Moderate overconfidence makes both incentive and severance pay
decrease without affecting investment choice. This results in higher expected
profit for the firm. Extreme overconfidence, on the contrary, distorts investment
choice and results in and increase in severance pay (and entrenchment). The
final effect is a reduction of firm expected profit. Thus, the attempt to exploit
executive overconfidence through a heavy use of incentive-pay, documented for
example by Humphery-Jenner et al. (2016), can backfire when investment choice
and opportunity of replacing the manager are considered. Managerial biases,
indicated as beneficial when incentive pay only is considered, may be detrimen-
tal to the firm when turnover and severance pay are taken into account. This
is also true in case of moderate overconfidence if the latter is coupled with a
sufficiently high level of optimism. In such a case, the overall effect depends on
the mix of optimism and overconfidence.

Moreover, we show that the discretionary severance pay renegotiated when
the CEO leaves, increases with managerial overconfidence and this helps explain-
ing the high level of discretionary severance pay reported by empirical studies
and anecdotal evidence. It has indeed been shown that in forced turnover the
amount of separation pay largely exceeds the level of contractual severance pay.
Our model, rationalizes this practice as a result of the renegotiation at the
turnover stage, in the presence of managerial overconfidence.

The rest of the paper is organized as follows: Section 2 presents the model.
Section 3 and 4 analyze the contracting problem by backward induction. Sec-

2NPR, November 5, 2019 Morning Edition by Alina Selyukh

3Many alternatives, however, can be considered. For instance, the manager could be able
to appropriate the whole surplus from the replacement (Almazan and Suarez for example
consider this case). Of course, assuming a stronger bargaining power resulting in a larger
fraction of surplus for the incumbent manager, would make hiring an overconfident manager
even more costly for the firm.



tion 5 offers the main results by comparing the value of the firm under diverse
assumptions on managerial bias. Finally, Section 6 concludes.

2 The model

Consider a board that perfectly represents the shareholders so that its objective
is to maximize firm’s value. The board hires a CEO to implement a project.
The cash flow generated by the project can take only two values: r = 0 and
r = R > 0. The probability of success of the project, denoted by p;, depends on
a firm-specific investment I; that the manager can make. With no investment
(I = 0) the probability of success is p, > 0, if instead the manager makes the
investment, the probability of success increases to py; > pr, when the investment
is Ips, and to py > pys if the larger investment Iy > Iy is chosen. The cost of
this investment is borne by the CEO. We assume that ¢(I;) = I; with i = M, H
and that ¢(0) = 0. The investment is unverifiable, though it is observable by the
board that, consequently, knows the manager’s probability of success.

After the manager has decided the level of the investment, a new manager,
possibly with a higher probability of success, materializes. We denote the prob-
ability of success of the new manager by ¢ € [g,1]. Both the board and the
incumbent manager observe the realization of ¢. When the new manager has a
significantly better chance of success, the board may prefer to fire the incumbent

manager and hire the replacement.

In order to establish a benchmark, we consider a manager whose subjective
beliefs are equal to the "true" probability p; and we refer to this type of manager
as "rational". However, the problem we analyze, arises because incumbent man-
ager and board hold heterogeneous belief regarding the probability of success
and are aware of such divergence. Following the previous literature we decom-
pose the managerial bias into two components: optimism, €, that uniformly
biases upward the manager’s belief on the probability of success, and overconfi-
dence A; that captures the manager’s distorted belief on the productivity of his
investment.* We then say that the manager is optimistic when he overstates the
probability of good outcomes and that the manager is overconfident when he
overstates the productivity of his investment. Hence, optimism, is independent
of the manager’s action and is always at work, while overconfidence is positively
related to the level of investment. The effect of such biases on beliefs is made
explicit by the following assumption:

Assumption 1: i) When no investment is made, the manager’s beliefs about the
probability of success are py, + 6.

ii) If the manager makes investment Iy, his beliefs about success are: pys + 60 +
Ay < 1,

ii) If the manager makes investment g, his beliefs about success are py+60+Ag,
where Ay = Ap(1 4 z) denotes the higher overconfidence resulting from the

4We follow the terminology introduced in de La Rosa, (2011).



higher investment, with z > %;% >0and 1 —pyg —0> Ay >0.

Assumption 1 states that the effect of overconfidence is higher in case of Iy
than in case of Ij;,> and that, given z > 0, the slope of the manager’s beliefs
of success (considered as a function of overconfidence) is everywhere steeper in
case of Iy. In what follows, we consider the parameter z constant and we refer
to an increase in Aj; as an increase in overconfidence. Then, an increase in
overconfidence implies a higher increase in the manager’s beliefs if the latter
chooses Iy than if he chooses Iy;.

The board knows that the manager is optimistic and overconfident, and takes
this into account when offering the contract. At the same time, the manager
believes that the board undervalues his probability of success; he knows that the
board only attributes probability p; to return R, following investment I; with
i = M, H, and probability py if the investment is not undertaken. This hetero-
geneity of beliefs affects both the original contract and subsequent renegotiation,
if any.

We assume that the CEO can oppose being fired so that replacement can
occur only with mutual agreement between board and CEO. Consequently, in
order to induce the manager to leave, the board must renegotiate the severance
payment whenever the manager deems that contractual terms are unsatisfactory.
The following additional assumptions complete the framework.

Assumption 2: If the incumbent CEO does not invest, the probability of success
of the replacement is always higher than the incumbent’s beliefs of his own
probability of success. Conversely, by investing, the incumbent CEO may have
higher probability of success than the replacement:

pr+0<qg<pu<pg<qg=1

Assumption 2 captures the idea that the firm-specific investment is necessary
(but not sufficient) to avoid being less productive than the replacement.

Finally, the following two assumptions, determine the preferences of the
board as far as the investment is concerned.

Assumption 3: The return R is high enough to guarantee that in the benchmark
case with a rational manager, the board always prefers investment I;; to no

investment: R > (le _”; E I;. This implies that the investment I, is efficient:

(v —pL)R > I
Assumption 4: The high investment Iy is inefficient: (pg —pa )R < Iy — I

The above assumption states that the additional cost when choosing Iy
rather than I is larger than the additional expected return from the investment

5 As far as the increase in the beliefs of success is concerned, note the level of investment I,
induces an increment in managerial belief equal to py; —pr, + Aps with respect to the absence
of investment, while the additional investment I — Ip; induces an increment in managerial
belief equal to pg — pyr + 2zA0 .



so that, if the manager were rational, the high investment Iy will never be
incentivized by the board. However, as we will see below, this may not prevent
an overconfident manager from choosing Iy due to the different assessment
of the probability of success. Thus, assumption 4 accounts for the possibility,
documented by a large literature (see, among others, Malmendier and Tate
2005), that an optimistic and overconfident manager chooses an investment
level higher than the optimal one. Though the cost of the investment is borne
by the manager, it affects the outcome of the renegotiation in case of dismissal
and it may thus become a cost also for the firm.

Assumptions 3 and 4 together imply: Lr=Iy :I > R > —M_ I_, which can be
. . PH—PM Pm—PL
satisfied only if:

I _ Py —pr

Iy = puw—pr
The contract offered by the board maximizes the expected terminal cash flow of
the project net of the CEO compensation. Then, the contract aims at providing
the manager with the incentive to make the profit-maximizing level of invest-
ment even if replacement may occur. To this end, we consider a simple incentive
contract with base salary, incentive pay w contingent on the high return R, and
severance pay s. We normalize the reservation level of utility to 0, so that the
base salary takes value 0. This also represents the compensation of the new
manager in case of replacement. Note that severance pay, providing a payment
in case the incumbent is replaced, is an essential element of the contract.

The manager is protected by limited liability. If the incumbent CEO remains
in office, he enjoys benefit of control B > 0. We assume that this value is small
in the sense that B < (¢ — pr,)R — Bw. Such non-monetary benefit increases
the utility of staying with the firm and may thus create a conflict between
shareholders and incumbent, but at the same time it makes it easier to induce
the manager to invest.

The timing of the model can be summarized as follows:

t = 0: The board observes whether the manager is rational or biased (op-
timistic/overconfident) and offers compensation contract (w,s) tailored to the
manager’s type. The manager decides whether to accept the offer.

t = 1. If the contract is accepted, the manager decides whether and how
much to invest.

t = 2: The board observes the investment decision (i.e., the probability of
success)

t = 3: A rival CEO appears. Board and incumbent manager observe the
rival’s ability. The board evaluates whether it is profitable to replace the in-
cumbent. If this is the case and contractual s is too low for the incumbent to
accept replacement, renegotiation occurs and a new level of severance pay, s,
is agreed upon.

t = 4: Cash flow realizes. The manager is paid the compensation agreed



upon.

The model is solved by working backwardly. We first determine the condi-
tions for replacement and we find the outcome of the renegotiation under an
arbitrary initial contract. We then discuss the board’s replacement decision.
Given the replacement decision, we determine the investment level chosen by
the manager. Then, we find the incentive compatible contract (w,s) that max-
imizes the firm final cash flows. Finally, we analyze the effect of the managerial
bias on the firm expected profit

3 Renegotiation and replacement decision

Let us first establish the condition under which the board is willing to fire the
incumbent manager. Given that our focus is on the incentive to invest, we only
consider contracts designed in such a way as to induce the manager to undertake
a positive level of investment.

Suppose that the parties have struck a contract designed to induce I;. The
objective of the board is to maximize the firm final cash flow net of manage-
rial compensation. Consequently, the board wants to replace the incumbent
manager whenever the expected profit is higher under the new manager:

qR—Sizpi(R—wio), i:M7H (1)

where S; indicates the severance pay, either contractual (s;) or renegotiated
(s%), ws is the incentive pay offered to induce an overconfident manager o to
undertake investment ¢ = M, H,and the LHS incorporates the fact that no
incentive pay is paid to the new CEO when the incumbent is replaced.

The board behaves "rationally" and uses the "right" probability of success.
With no constraints on the manager’s side, the board would fire him when the
probability of success of the replacement is

o [ Wio =S
q = D R .

Note that such decision is based on the difference between the probabilities of
success "adjusted" by the difference of the payment to the incumbent manager
in case of retention or dismissal. When S; > w;,, meaning that the firing cost
exceeds the sum that is saved by replacing the manager, the board will make
the replacement decision for higher values of ¢ than in the opposite case where
S < Wip.

Given the assumption that the manager can oppose being replaced, sever-
ance pay S; must compensate him for the loss suffered in case of replacement.
Consider the case in which the manager has undertaken investment I;. The
incumbent believes that his expected compensation is (p; + 6 + A;)w;,, conse-
quently he consents to replacement only if:

Si > (pi + 0+ Ay)w, + B (2)



where the LHS is the payment the manager receives in case of replacement
and the RHS represents the benefit the CEO expects to receive if he opposes
replacement.

For replacement to occur, conditions 1 and 2 must be simultaneously satis-
fied:
(¢ —pi) R+ piwio > Si > (pi + 0 + Aj)wip + B,

implying that the increase in the expected return from replacement must be at
least as large as what is lost by the incumbent manager when he leaves the firm:

(¢ —pi)R> 0;w; + B.

This condition (taken as an equality) determines the cutoff value of ¢, above
which the incumbent is replaced. Let ;, denote such a value when the overcon-
fident manager o has made investment I;:
q'LO - p'L R R (a

When ¢ > @;, the incumbent should be replaced even if he has made the firm-
specific investment, while he should be retained when g < ¢;,. It is useful to
establish as a benchmark the cutoff value of ¢ for a rational manager (i.e., a
manager with 6 = Ap; = 0)

o B

q'L"' - p'L + R
Observe that g;» < @i, implying that optimism and overconfidence distort the
replacement decision. An entrenchment effect occurs as the manager is re-
placed for higher values of ¢. This is due to the fact that optimism and over-
confidence make it more costly to induce the incumbent CEO to accept being
replaced. Note also that the cutoff for the overconfident manager ¢;, depends
on the incentive pay w;, while ¢;- the cutoff for the rational one does not.

To fully characterize the contract offered to the CEO, we have to determine
wi, and S;, (which in turn determine ¢g;,). We have argued that the incumbent
manager will consent to replacement only if the severance pay satisfies (2). But
should contractual s be so high as to satisfy such condition? Not necessarily,
because a high contractual s may discourage the manager from investing and
severance pay can be renegotiated if both parties find it profitable to do so. We
will show below that it is optimal to offer the manager a low contractual s and
to possibly provide at the renegotiation stage the sum necessary to induce him
to quit.

To determine the level of the renegotiated severance pay s’ when contrac-
tual s is too low to induce the manager to accept replacement, consider that
the board wants to replace the incumbent whenever a more productive manager
shows up. This occurs when the incumbent made the investment and a replace-
ment with g > @;, appears, but this is also what would happen if the incumbent
did not invest (so that the probability of success would be pr, < ¢). The lat-
ter case never occurs in equilibrium but, precisely to determine the appropriate



incentives to discourage such behaviour, we need to take into account what pay-
ment the incumbent could obtain by not investing and opposing replacement.
Thus, the next proposition determines the minimum payments necessary to in-
duce the incumbent to leave both when he has made investment I; and when
he has not invested despite the incentive pay specified in the contract at ¢t = 0,
was w; in order to induce I;

Proposition 1: Given that contractual s is too low for the biased incumbent to
accept being replaced at t = 3, then

i) If the incumbent has made investment I;, the lowest renegotiated payment
necessary to induce him to leave when q > Gio, i S;, = (pi + 0 + Aj)w; + B,
i=M, H.

it) If the incumbent has not made any investment (I = 0), the lowest
renegotiated payment necessary to overcome his opposition to replacement is
s, = (pr + O)w; + B.

Proof: See Appendix 1.

Given that the incumbent can oppose replacement, he will accept to leave
only if the payment is at least as large as what he can gain by staying with
the firm. Note that, contrary to contractual severance pay, the renegotiated
payments are conditional on the investment because, at the renegotiation stage,
the board knows which level of investment (157, Iy, or 0) has been chosen by
the manager. The following Corollary establishes the minimum renegotiated
payments for a rational manager, anticipating the result of Corollary 3 that a
rational manager always chooses ;.

Corollary 1. If the manager is rational ( 6 = Ay = 0), the lowest renego-
tiated payment necessary to induce him to leave when he has chosen investment
Iy and q > @y is s, = pyprw,r+B. In case the manager had not invested (I =0),
the lowest payment necessary to induce him to leave is s, = prw, + B.

Even in the case of a rational manager, the renegotiated severance pay cor-
responds to the amount that the manager expects to obtain by staying with the
firm. In summary, any payment lower than s, and s}, (or s},. and s}.) would
be rejected by the manager. On the other hand, once the investment is made,
there is no reason to increase the renegotiated payments above the minimum
level necessary to overcome the manager’s opposition. This establishes the op-
timality of the renegotiated severance payments determined in Proposition 1
and Corollary 1. Note that such payments are correctly anticipated by both
the manager and the board at the time when the contract is struck and thus
contribute to the expected returns calculated by both parties.

10



4 Manager’s investment and optimal compensa-
tion

Having established the minimum payment that can be renegotiated when the
board wants to replace the manager at t = 3, we can determine the incentive pay
necessary to induce the latter to make the investment at ¢t = 1. Let E,[W;, +
B|I;] denote the expectation with respect to ¢ of the utility expected by the
overconfident manager when he invests I;, i« = M, H. Recalling that 5;, is the
payment (either contractual or renegotiated) that the manager obtains following
his replacement, we can write the participation constraints (PC;) as:

Tio 1
EyWio+B|L]—1; = /[(pi+9i)wi0+B]f(Q)dQ+/Si0f(Q)dq_Ii >0i=H,M

2 ZJ\iO
where the reservation utility is normalized to zero as assumed above.

Consider the incentive compatibility constraints. Let E,[W;,|0] represent
the expected compensation if the manager does make any investment (I =
0) under a contract offering w;, and S;,. In order to induce the manager to
choose investment I;, i = M, H, the following two incentive constraints must be
satisfied:

E,[Wio + BIL] I > E,[Wi,|o] (1cc 1)

and
EQ[W10+B|I’L]_11ZEQ[W10+B|IJ]_IJ7 'La]:MwH?Z#] (Iccz)

(ICC 1) guarantees that the manager prefers I; to not investing, and (ICC
2) that he prefers I; to I;. Note that E4[W;,|0] > 0 by the limited liability
assumption. Consequently, if the incentive compatibility constraint (ICC 1) is
satisfied, the participation constraint is satisfied as well.5 We then focus our
attention on the ICCs.

In order to be more specific about the ICCs, we need to know the value of the
payment that is made in case of replacement. In other words, we need to know
whether contractual s;, is lower than s, thus implying S;, = s}, or whether it
is higher thus implying S;, = s;,. This is found in the following proposition.

Proposition 2: The optimal value of the contractual severance pay for an opti-
mistic and overconfident manager (60 > 0, Apr > 0) is sio = sty = (pr + 0) Wio+
B.

Proof. See Appendix 2

6 A positive level of the reservation utility would not affect this result as long as such level
is smaller than the expected compensation in case of no investment denoted by Eq[Wo|0].
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Corollary 2: If the manager is rational (6 = Ay = 0), the optimal contractual
severance pay is Sr = s, = prw, + B.

A value of contractual severance pay (s;o/s,) higher than the minimum level
of severance pay that would be accepted by a manager who had not invested
(sl,/s)) is not profitable for the firm because it would make the ICCs more
binding. This would raise total expected compensation. On the other hand,
there is no point in setting s;, < s}, (or s, < s/. in case of a rational manager)
because this would not relax the ICCs. Consequently the optimal value for
the contractual s;, and s, coincide with s/, and s, implying that, in case the
manager is replaced, the severance payment is renegotiated at ¢ = 3 and is set
either at s, or at s/.

Consider now the incentive-compatibility constraints for the investment level
In. By substituting sy, = (pr + 0ar)ware + B for S in Ey[Whaso + BlIn], we
obtain

o 1
[(par+621)wnso+-Blf (q)da+ / (par+0nr)wtot Bl f(g)dg

Tio

Eq[WMOJrBuM] =

I \?

Moreover, we know from Proposition 2 that in case of no investment the man-
ager (who is always replaced) will receive sy, = (pr + @)waro, so that it is
Eq[Who|0] = (pr + 0) waro + B. Then, ICC 1 can be written as

(pm + 0+ An)wnro + B — (pr + )wno — B > Ing,

and the level of the wage that satisfies ICC 1 is:

Iy
Whro > . 3
M (pm + Aar — pr) )

Analogous substitutions enable to write ICC 2 as

(pa + A —pv — Av)wno < Iy — Ing.

Therefore, to guarantee that both constraints are satisfied it must be the case

that
I < Ig — Iy

————— <{wpye < .
par+Aa—pr = 0T pa+ A —pa — Aur
Recalling that Ay = Aps(1 + 2) such inequality can be satisfied only if

In pv + Ay —pr )
Iy = pap+An(1+2)—pr

Given that z > ;;’L;% from Assumption 1, the RHS of 4 is decreasing in Ay
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making it more difficult to satisfy the constraint as overconfidence rises”. Hence,
for ICC 2 to be satisfied, the manager’s beliefs of success when Iy (instead of
Ips) is chosen, must not be too large. This implies that for a high enough level
of overconfidence, ICC2 does not hold and the manager, if offered wyy,, will

choose Iy. Let A%, = IM(”HI;”_LI)ZX{I_&’T_”) denote the level of A,s such that

4 holds as an equality. This leads to the following definition.

Definition 1: The manager is moderately overconfident when A < A%, so that

(4) is satisfied.
When the manager is moderately overconfident, a board willing to incentivize
I offers the lowest possible level of wyy, satisfying 3, that is

Iy
pyv+Am —pL)

wMo:(

Consider then the incentive compatibility constraints for the high level of
investment, Iy. Constraints ICC1 and ICC2 respectively imply:

I

(pa +An —pr) )

WHo >

and

Ig — Iy B Iy — Iy (6)
pr +Ag —pyu —Ay)  pE —pm -+ 2AN
The incentive pay offered by the board will depend on which constraint is bind-
ing. Consider first the case where 5 is the binding constraint and observe that

this happens iff (pH+i’;_pL) > (pH-l-AIg:z{%—AM) which implies

wHoZ(

In pM +An —pr )
Iy = pag+Am(1+2)—pr’

The above inequality is satisfied only for a high level of overconfidence Ay, i.e.
for Apr > A}y This leads us to the following definition.

Definition 2: The manager is extremely overconfident when A > A%}, and (7)
1s satisfied.

Thus, when the manager is extremely overconfident, I; is not incentive
compatible and the only feasible level of investment is Iy. In this case, the
optimal incentive pay is given by

Iy
Wi = —————.
P+ A —pL
7 . ) Py +AN—PL _ (y—pp)-QA+z)(ppm—pL) ates
Note that EINY: (PH+A1W(1+Z)*I7L) = r A0 (72 —p1)2 < 0. If instead

z < BHZ=PM Aggumption 4 is more stringent than 4 and we have that BM=PL <
PM—PL PH—PL

P+ AN —P s : s .
FYTET Ny e In this case Assumption 4 would guarantee that ICC2 is always satisfied.
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A high level of overconfidence increases the subjective probability of success
to such an extent that, by choosing Iz, the manager expects an increase in his
compensation that more than compensates the additional cost of the investment.
Therefore he is willing to invest Ij.

Consider now the case where the binding constraint is 6 and note that, for

. I Ig—1I .
6 to hold, it must be the case that (pH+A’2 = < (pH—s-Ag—p%—AM) or

Iv _ pum+Am—pr
Iy pu+Ap—pL

This is the case of moderate overconfidence where also I, is incentive com-
patible. To determine which will be the contract offered by the board, observe

_ Ig—In ;
that under moderate overconfidence, wgy, = TR =AM 18 greater than
I

Who = GrFag—pry- Furthermore, the higher bonus also raises GHo- These
two effects make Iy generally unprofitable for the firm which will consequently
offer the manager wys, to induce Ip;. This is proved in the following proposi-
tion which allows us to restrict our attention to two mutually exclusive cases:
extreme overconfidence with investment level Iy, and moderate overconfidence

with investment level Ij,;.

Proposition 3: When the manager is moderately overconfident, the board gen-

erally offers wyr, = m%\‘m and the manager chooses Ip;. When instead
the manager is extremely overconfident, the board offers wi, = ———

(pH+AHn—pL)
and the manager chooses I .
Proof: See Appendix 3.

Corollary 3. When the manager is rational (6 = Ay = 0), only Ip is
incentive compatible. The optimal bonus is

v —
" (PM—pL)'

Proof. In order to check that Iy is not incentive compatible consider that in
this case ICC 2 implies

Iy — Iy
(pr —prr)’

but by Assumption 4 we know that (—Zl)ﬁ—:z{ﬁ% > R so that the board will never

offer such incentive pay. The rest of the corollary follows from the discussion
above, setting 0 = Ay, = 0.

WHo =

When the manager is rational and holds correct beliefs about the probability
of success, it is not possible to implement Iz because the manager is aware that
the increase in the cost with respect to the alternative investment I, is higher
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than the increase in expected return (see Assumption 4). Let us then compare
the outcome of a rational manager to that of a biased manager choosing I5s. By
comparing wys, to w; it is immediately evident that overconfidence reduces the
incentive pay necessary to induce the manager to choose investment I;, making
it easier to satisfy the ICCs. This is the incentive effect of overconfidence which
persists when overconfidence increases to the extreme values that result in the
choice of investment I. We can then prove the following

Corollary 4. w;, is continuously decreasing in Ay, for i = M, H.

Proof. The corollary immediately follows from was, = i L and wy, =

P .Y/ S
pPr+AnM—pL)

A i I —
considering that at A}, it is G—=A"—1 = Grran =)

Iy
(pr+Anm(1+2)—pL)’
The result that incentive pay is smaller when the manager is overconfident is
in line with previous theoretical literature (De La Rosa, 2011) and with empirical
evidence (Otto 2014, Humphery-Jenner et al. 2016). Finally note that, contrary
to what happens with overconfidence, optimism (6) has no impact on the bonus.

Having established the optimal value of the bonus, we are in the position to
analyze the relation of the cutoff value of the productivity of the new manager
above which replacement occurs, q;,, with respect to optimism and overconfi-
dence. We already know that ¢ < ¢;, meaning that a rational manager will
be replaced for lower values of ¢ than a biased manager. The following proposi-
tion shows that the entrenchment effect identified in the previous subsection is
increasing in managerial biases.

Proposition 4. The cutoff value, G0, s increasing both in optimism and in
overconfidence.

Proof. see Appendix 4.

Optimism and overconfidence introduce a distortion in the replacement de-
cision by increasing the cutoff value above which the board wants to replace
the manager, thus inducing an entrenchment effect. Given that ¢;, = p; + I—g +

hA}%M this is immediate as far as optimism is concerned. However, it also
occurs in the case of overconfidence no matter the fact that the incentive bonus
is decreasing in A,y (see Corollary 4). In fact the decrease in w;, is more than
compensated by the increase in the managerial belief of success (reflected in the
multiplicative term (6 + A;)). Note that the increase in the biases occurs not
only for a given value of investment but also when the increase in overconfidence
induces the shift from Iy to Ig.

4.1 Severance pay

In the previous sections we have determined both the contractual and the rene-
gotiated severance pay. We now discuss their properties, recalling that, in case
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of replacement, the payment will always be renegotiated. First of all, the rela-
tionship between renegotiated severance payment and the two managerial biases
is established both for a given level of investment I; and at A}, where the shift
from Ip; to Iy occurs.

Proposition 5. For a given investment I;, the severance payment renegotiated
in case of replacement, si, = (p; + 0 + A;)w;, is increasing in optimism and
decreasing in overconfidence. At A%, where the shift from Inr to Iy occurs, it
1s increasing in both optimism and overconfidence.

Proof. See Appendix 5

For a given level of investment [;, an increase in optimism always raises the
renegotiated severance pay s, = (p; + 0 + A;)w;, because wj, is not affected by
optimism. On the contrary, an increase in the level of overconfidence reduces
s}, because the reduction in the bonus w;, (see Corollary 4) counterbalances
the increase in the managerial belief (p; +- 604 A;). Only at A}, where the shift
from Ip; to Iy induces a particularly strong increase in the belief of success,
there is a increase in s},. For Ay > Aj, however s}, is again decreasing in

Apy.
/

The difference between renegotiated and contractual severance pay, s;, —
Si0, is defined as discretionary pay. Using Propositions 1 and 3 and the
expressions for w;, ¢ = M, H, as well as Corollary 1 and 3 for a rational manager,
it is immediate to verify that the discretionary amount paid in addition to the
contractual one is given by the cost of the investment.

Result 1: The discretionary severance pay is equal to the investment: s;,—S;, =
I, i =M, H, for a biased manager, and s — sg = I for a rational manager.

The manager anticipates that, in case of replacement, he will be able to
recover the investment made, by renegotiating the contractual severance pay.
This clearly provides him with the incentive to invest, despite the possibility of
being replaced. In other words, renegotiation allows the board to provide the
necessary ex-ante incentive by reimbursing the manager for the investment only
if this has been undertaken. Note that, in case both of a rational manager and
of a moderately overconfident one, the discretionary pay is equal to Ip; while
the high level Iy obtains in case of extreme overconfidence. Consequently we
have the following result.

Result 2: The expected value of renegotiated severance pay (the sum of discre-
tionary and contractual payments) received in case of turnover is larger than the
expected value of incentive pay received in case of success and retention. The
difference is increasing in the managerial biases (optimism and overconfidence).
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A natural question is whether the severance pay obtained by a biased man-
ager is larger or smaller than the one received by a rational one. Proposition 5
shows that there are opposing effects at work when the manager is both opti-
mistic and overconfident. Hence the overall effect on the renegotiated severance
pay (contractual plus discretionary pay) depends on how the mix of the two bi-
ases affects managerial beliefs. A rational manager receives s,. = p M@—MI% +B

and a biased one s}, = (p; + 0 + A;) m + B where s/, is increasing in op-
timism and decreasing in overconfidence.Then, by comparing the two payments

we obtain the following result.

Result 3: The renegotiated severance pay of a biased manager is higher than
that of a rational one only for a sufficiently high level of the ratio of optimism
to overconfidence:

i) when the manager is moderately overconfident a necessary and sufficient con-
dition is Ai > —LL
M Pm—PL
it) when the manager is extremely overconfidence, a necessary condition is:
0 4 Ay QAtz)+(pr—pm)  _pu
Ay Ay pM—pPL’

The condition in part ¢) simply says that a biased manager receives a larger
renegotiated severance pay than a rational manager when the cost of the invest-
ment in terms of increased bias is larger than the benefit in terms of increase
in the probability of success. To see this, consider that the LHS numerator is
the bias independent of the investment and the numerator on the RHS is prob-
ability of success without any investment, while the denominators represent,
respectively, the increase in the overall bias due to the investment, Aj;, and the
increase in the probability of success due to the investment, (pps — pr,). Part i)
instead says that when the manager is extremely overconfident, the severance
pay can be higher than that of a rational manager even if § = 0 because the
extremely high managerial belief of success tends to counterbalance the decrease
in the renegotiated severance pay following the decrease in incentive pay.

5 The effect of optimism and overconfidence on
expected profits

So far, we have discussed the characteristics of the optimal payments in each
possible state (manager retention or dismissal).We now analyze the overall im-
pact of managerial biases on expected profits Vj,, considering first the effect of
an increase in optimism 6, for a given level of overconfidence Ay, and then the
effect of an increase in overconfidence Aj;, taking the level of optimism 6 as
given. Recalling that the manager will receive s}, when replaced, we can write
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Gio 1
Vio = [ B = wio)) Fda + [ (aR = i) f (@) (®)

g Ziio
The first term on the RHS is the expected profit of the firm when the incumbent
is confirmed, while the second term measures the expected profit when the
manager is replaced. Consider the effect of an increase in optimism recalling

that optimism does not affect the investment choice, so that we can take the
level of investment as given.

Proposition 6: For a given value of overconfidence Apr > 0, the expected profit
of the firm is decreasing in optimism 0.

Proof: The proposition immediately follows from:

IWVio
0

1
- _ / wio f (q)dg— 65;0 [(Gio — pi)R — ((0 + Aj)wio + B)|f(Gi0) <0, i=M,H.

Tio =0

where (¢;o — pi)R — ((0 + Aj)w;, + B) = 0 is obtained by substituting g;, =
pz+% + (0+Alé)wzo |:|

Corollary 3: If the firm hires an optimistic but not overconfident manager
(6 >0, Ay = 0) expected profits are lower than under a rational manager.

Proposition 6 formalizes that optimism always has a negative effect on prof-
its. Indeed, optimism has no impact on the incentive bonus w;, while it raises
the severance payment s; % In the absence of overconfidence, this drives ex-
pected profits below the level obtained by a rational manager.

Let us now evaluate the effect of an increase in overconfidence for a given level
of optimism. We know that, following an increase in overconfidence for a given
level of investment I;, the incentive bonus paid in case of retention decreases
(incentive effect), as well as the severance payment paid in case of dismissal
(severance effect).” Consequently, the expected cost to induce investment I,
i = M, H, is reduced. However, we cannot ensure that expected profits are
continuously increasing in Ajps because we do not know what happens at A%},
where the increase in overconfidence induces the shift from investment I,; to
investment Iy and severance pay has a sudden increase (see Proposition 5).
This point is clarified in the following proposition.

8We also know that optimism contributes to the entrenchment effect making the cutoff
value @;, rise but this has no impact on profits because the cutoff value is determined by
balancing what is gained from replacement and the payment necessary to have the incumbent
leave so that the net effect is equal to zero. In fact the terms concerning the entrenchment
effect cancel out in the derivative 8%9“1 (maximum theorem).

9 Again the rise in G, has no effect because the payment necessary to have the incumbent
leave cancels out with the sum gained from replacement (see previous footnote).
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Proposition 7: For any given level of optimism 0 > 0, expected profit increases
in A, as long as 0 < Ay < A}y and Ipr is chosen. At A}y, the manager
is indifferent between Ipnr and Ig but Iny generally yields higher expected profit
and is thus chosen. A further increase to Apy > Ay, implies a shift to Iy, and
leads to a discontinuity: the expected profit has an initial drop and then resumes
an increasing trend.

Proof: See Appendix 6.

Corollary 4: Ezxpected profit is higher with a moderately overconfident but not
optimistic manager (0 =0, 0 < Ap; < A},) than with a rational manager.

Profit is increasing in overconfidence as long as overconfidence is moderate
and does not lead to an inefficiency in the investment level. When overconfidence
is so high as to induce the shift from Ip; to Iy, there is a discontinuity with a
drop in profit because of the sudden increase in the severance payment and in
Gio- Once the new level of the investment Iy is chosen, profit is again increasing
in overconfidence. Note however, that there is no guarantee that it will reach
again the level corresponding to A%,, because the increase in Ay is bounded by
the constraint that the belief of success cannot exceed one. Hence, a moderate
level of overconfidence is beneficial for the firm but this may not hold true for
extreme levels of overconfidence. In particular, we are certain that a moderately
overconfident but not optimistic manager yields higher expected profits than a
rational one, but we cannot ensure that this happens also in the case of an
extremely overconfident one.

This issue is analyzed by the following proposition. To evaluate the drop in
the expected profit occurring at A3}, we need to specify the probability that a
better manager shows up. Given that we have no reason to consider situations
where the probability of a particular level of ¢ is higher /lower than other levels,
we assume that ¢ is uniformly distributed over the interval [g, 1].

Proposition 8. When 6 = 0, the drop in profits occurring at A%, can be high
enough to result in Vi, < V,.

Proof. See Appendix 7.

Proposition 8 highlights the negative impact on profit resulting from the
shift in the investment from I, to Iy and provides an indication of the size of
the drop that takes place at A%,. In particular, it shows that expected profit
can be reduced below the level attained by a rational manager. This leads to
the conclusion that, in the absence of optimism, the firm can benefit from hiring
a moderately overconfident manager while it may be damaged by an extremely
overconfident one.
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When the manager is both optimistic and overconfident, the question arises
whether the negative effect of optimism can counterbalance the positive effect
of (moderate) overconfidence. Is an optimistic and moderately overconfident
manager always better than a rational one? The following proposition deals
with such a question, maintaining the assumption that ¢ is uniformly distributed
over the interval [g, 1]

Proposition 9. There always exist a value 0:1— P > 6 > 0 such that for
0> 9, Vo < Vg.

Proof. See Appendix 8.

Proposition 9 confirms the detrimental effect of optimism and shows that,
for sufficiently high values of 6, the negative effect of optimism prevails on
the positive effect of overconfidence, similarly to what we found in Result 3.
As a consequence, a biased manager with a high level of optimism generates
an expected cash flow smaller than the one obtained by a rational manager,
even when the manager is only moderately overconfident. For levels of 6 below
0, the outcome is indeterminate in the sense that it depends on the level of
overconfidence. If overconfidence is high enough, it may balance the negative
impact of optimism. However, when low levels of overconfidence are coupled
with optimism, a rational manager leads to higher expected profits.

Summarizing, if the manager is both optimistic and overconfident, the overall
effect of managerial bias is likely to be detrimental for the firm, once severance
costs are taken into account.

6 Conclusion

The paper examines the effects of managerial optimism and overconfidence on
severance pay and firm expected profit in a setting where the firm aims at
motivating the CEO to undertake a firm-specific investment even if a better
manager may show up after the incumbent has made the investment. Severance
pay helps motivating the manager to invest despite the possibility of replacement
is anticipated. However, investment choice may be distorted by overconfidence.
In addition to the option of abstaining from investing, two positive levels of
investment are available for the manager: the efficient level I, and the inefficient
level Iy > Ips. While optimism does not affect investment choice, the degree of
overconfidence determines the chosen level of I: under moderate overconfidence
the efficient level is implemented but a high degree of the bias results in the shift
to the inefficient level. If the board decides to replace the incumbent manager,
the latter uses its bargaining power to renegotiate contractual severance pay
and a higher payment is agreed upon.
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In this context, optimism and overconfidence have different effects on the
level of both incentive and severance pay and, consequently, on expected profit.
Optimism has a definitely negative effect: it does not affect incentive pay but
it raises severance pay (contractual and renegotiated) and this leads to lower
expected profit than would be obtained by a rational (i.e. unbiased) manager,
both directly and as a result of higher entrenchment. The effect of overconfi-
dence, on the contrary, is more complex and depends on the degree of the bias.
Overconfidence always makes incentive pay decrease and this has obviously a
positive effect on profit. For any given level of investment, overconfidence also
reduces severance pay. However, when the increase in overconfidence is such
as to induce the shift to the inefficient investment level, there is a sudden in-
crease in renegotiated severance pay that reduces expected profit. This may
drive expected profit below the level attained by a rational manager and there
is no guarantee that further increases in overconfidence may reverse the situa-
tion. In summary, the firm always benefits from moderate overconfidence while
(optimism and) extreme overconfidence may be detrimental to firm profit.

The model shows that it is important to consider the possibility of replace-
ment when studying the effect of managerial biases, because of the impact on the
separation payment. In particular, we show that optimism increases contrac-
tual severance pay, while the discretionary payment bargained at the replace-
ment stage is determined by overconfidence. Thus, we suggest that the high
payments observed in several turnover events may be explained by managerial
overconfidence coupled with some managerial bargaining power originated by
the manager ability to oppose replacement.
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8 Appendix 1: Proof of Proposition 1.

Consider part ) in which the manager invests I; and the probability of success
is p;. Managerial expected utility by staying with the firm is equal to (p; +
0+ A)wio +B = s},. Then, in order to leave, the manager accepts any offer
s > sk,

If the incumbent manager receives s}, and is replaced by a manager of ability
q, firm expected profit is gR— (p; +0+A;)w;,— B, which is larger than p;( R—w;,),
the expected profit obtained if the manager stays, for any g > @;,. Any offer s”
strictly larger than s}, is accepted by the manager but is dominated by s}, since
it reduces the firm expected profit. Consider an offer s” < s;,. The manager
rejects it because he believes to obtain a higher payoff by staying with the firm
and firm profit is smaller with the incumbent than with a replacement. Hence,
when the manager makes investment I;, the offer s}, is optimal for the firm
whenever there is a replacement with ¢ > Go.

Consider now part ). If the manager does not invest, his expected payoff
by staying with the firms is (pr + 0)w; + B. Then, he will reject any offer
smaller than s, = (pr + 0)w; + B. Firm profit under the incumbent manager
is pr, (R — wj,) while firm profit when the incumbent is offered s;, and replaced
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is ¢R — (p; + 0 + A;)w;, — B. Assumption 2 and B < (R — w;,) guarantee that
for any value of ¢ > g expected profit is larger when the manager is replaced
because ¢R — (pr, + 0)wio — B > pr(R — w;,). As above, any offer s” > s is
dominated by s}, because s yields lower expected profit. Any offer s” < s/, is
rejected by the manager which remains with the firm resulting in lower expected
profit than with a replacement.

9 Appendix 2: Proof of Proposition 2

Suppose that contractual s is such that s > s, > s where i = M, H is the
level of investment that the board wants to incentivize. Then, E,[W;, + B|;] =

Tio 1 1
/Mn+&Mw+BU@Mm+/ﬁ@MqwdEN%o+BNZOF:/#@Mq
q Tio q

i=H , M because the manager is always replaced when no investment is made.
Consequently, ICC1 can be written as

Qio 1
Km+@wﬁﬂﬁ@@+/#@@—L2/#@@ i=H,M

dio

1

i
<)

or
Zl\io Zl\io
/Wﬁwm%+BU@@—nz/ﬁ@@

Clearly the board wants to keep both w;, and s as low as possible in order to
maximize its profit. Note in fact that besides lowering the expected compen-
sation needed to incentivize I;, a low level of w;, also reduces the distortion in
Gio = Pi+ % + %wi with respect to the efficient level ¢, = p; + %. This objective
can be reached, by setting s at its lowest feasible value that is s = s,.

So far we have constrained s to be weakly higher than s} . Can the board
gain by setting either i) s/, > s > ¢/  or ii) s}, > s?
In case i), ICC1 would take the form

Qio 1

Wuwm%+BV@@+/§J@@fzz

Qio

sf(q)dg i=H,M

|>Q\”_‘

)
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or, substituting s}, = (p; + 6 + A;)wio,

Tio 1
/ [(pi + 6:wio + BIf ()dg + / (pi 40+ Awiofla)da— I, — (9)
4 ) Qio X X

/ [(pi + 6:)wio + Bf(q)dq + / Amwiof(q)dg — I > / sflg)dg i=H,M

Again, the board wants to set s as low as possible in order to reduce wj,
and minimize both the expected compensation needed to incentivize I; and the
distortion in gj,. Then it will set s = s/,. By comparing ?? with s = s}, to 9
with s = s}, it is immediately clear that ICC1 is less binding in the latter case
thus resulting in both lower expected payment and lower distortion.

The question arises whether the board could further increase profits by set-
ting contractual s < gj,. Note however that in such a case ICC1 would take the
form

Tio 1 1
/ ((pi + 0)wio + Blf (@)dq + [ slof(@)dg — I > / f@dg = H M
q Gio q

and we will be back to the previous case, implying that there is no point in
setting s < g},

10 Appendix 3: Proof of Proposition 3

In order to prove that the board offers wy;, = m when the man-

ager is moderately overconfident (—M < %I)L), we must prove that the

expected profits of the firm are hlgher under a contract based on wy;, =
(to induce the choice of Ij;) than under a contract based on

WHe = pH+Af—IH7(II7]I\é+AIW) (to induce the choice of Ig). Note that, substitut-

ing the value of s , Vi, can be written as

I
(pv+An—pr)

Tio 1
Vi, = / Pi(R — wi0)] f(a)dq + / 4R — (i + 0+ A) wio — B)f(g)dq

Tio

[

— pi(R - wio) + / a—pi)R — (6 + M) wio — B) f(q)dq

io

_ Iy —In I _ Iy
Recail that wy, = Py ey > éZ)M"FAM—Z)L) = wMOg when 7L <
PMFTAM—PL fad faa A _ B M B H _
Py — This implies grro = pym + F + Fwno <pu + 7+ FHWHo =q
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Consider the difference
aHo 1
Viio— VMo = /pH(R —who)f(q)dg + / [gR — (pr + Am + O)wr, — Blf(q)dg +

THo

S

Mo 1
- /pM(R —wno) f(q)dq — / [qR — (par + Anr + O)wrro — Bl f(q)dg

qdMo

o

(pr-PM) (WHo — Wiro) f(q)dg

2

- / (pr—par) (R — waro) f(g)dq —
B 1
+ / pit (R — wizo) f(q)dq — / (it + st — par — Anr)wiof(a)dg

*/ [qR — (par + Anr + 0) waro — B] f(q)dq

Considering that [py + Ay — (P + An)] wro = Iy —Inr the above expression
can be written as
Mo

(pE-Pr) (R — waro) f(q)dg —

o

(pr-PM) (WHo — Whro) f(q)dg +

Im}k\__~5§)

q

aHo 1 aHo

[ etk = wn)f@da~ [ (1~ B @da~ [ laR = oas + as +0)waso ~ B £0)
= / (pr-pPm) (R —wno) f(q)dg + / {pr (R —wo) — [qR — (Apn + 0) wro — Bl} fq)dg
) Mo v THo 1
- / (PH-PM) (WHo — Wiro) f(q)dg — /PH(wHo —waro) f(q)dg — / (Ig — In)f(q)dg
where / [qR — (par + Ans + 0) waro — B) fq) > / [gR — (pr + A + 6) wno — Bl f(q)dg >

Juo
pr(R—wyr,) f(q)dg. Considering that Iy — Iy > (pg—_par) R, we then have

dMo

that
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Mo 1
Vo — Vo < / U — Ing — (pr—par) waro) f(q)dg — /(IH —In)f(q)dg

GHo

I

(pr-PM) (WHo — Waro) f(q)dg — /pH(wHo —waro) f(q)dg

qdMo

{lg — (Anr +0)waro — B] — [puR — (pa—pm) wiaro)} f(q)dg

s \? I \?

<
g

Q)
IS )
°

1
- / Uit — Tar — (pr—par) wizo) f(a)dq — / (It — Lnr) f(a)dg
- /pH(wHo - wMo)f(Q)dq

dMo

- / {ld = (Aa +0) wato — B) — [puR — (prr—par) warel} £(@)da

qdMo

26



Substituting Iy — Iy = [py + Ay — (pmr + An)]wi,, the above inequality
becomes

Vo — Vo < / pe + Ag — (P + Anr) — (PH-PM)| WHo f(q)dg

q

1 qHo
- / (I — In) f(a)dg - / P (wHo — waro) f(0)dg
ZI\HO Zl\l\fo

- / (10— (Aar +0) waro — Bl — [prR — (prr—par) warol} £(@)dg

1
= /ZAMwHOf(q)dq— /(IH*IM)f(Q)dq

- / {l(a— pi) R+ [(prr—par) — (Aas + 6)]w — B]} f(a)dq

qMo

Considering that zAj, is very small and all the other terms are negative, Vi, —
Varo will generally be negative. Recall in fact that zAp; < %M — (pg —pMm)

for Ay < Aj,where A}, is the value of Ajs where there is the shift from
moderately to extreme overconfidence.

11 Appendix 4: Proof of Proposition 4

To evaluate the effect of the biases, substitute w;, = m in the expression
for the cutoff value o, obtaining g;o = p; + % + ﬁ%' Clearly, for a
given level of investment, ;, is increasing in the optimism component # and it
is is also increasing in the overconfidence parameter Ay, as

0Gio  LiR(pi+A; —pr) — LR(O + Ay) _ Ii(pi_pL_e)z S0, i M.H

CINT (R (pi + A —pr)]? R(pi+ A —pr)

because p; — pr, > 0 by Assumption 1.
To evaluate what happens at A3}, where the shift from I to Iy occurs, note

that at A%, it is waro = Wi, = w implying that Gag, = par + 2 + T2 <
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PH —|— + M%Mw = qHo. Then the cutoff value is increasing also in this

point (even if there is a discontinuity).

12 Appendix 5: Proof of Proposition 5

That s}, is increasing in optimism and decreasing in overconfidence for a given
level of investment I; follows immediately from

/
%:(pi+Ai)wio>0
and from
2 (et ) (i)
0A (pm +An —pr)) \(pm +An —pr) '
Oy _ < (1+2)Ig >< (pr +96) )<0D
0ANn (pr +Anm (L+2) —pr)) \(pu +Am (1+2) —pL) '

To verify that s}, is increasing in both optimism and overconfidence at A%,
where the shift from I, to Ig occurs, note that at at A3, it is wyo = WHe = W
implying sh,, = (pamr + 0+ Ajp)w < (pH + 0+ AL (1 + 2))w = sy,

13 Appendix 6: Proof of Proposition 7

In order to prove the proposition we must show that a) when I; is chosen, profits
are increasing in A; and b) when 4 holds as an equality, proﬁts are generally

higher if Ip; is chosen. Note that, substituting the value of s},, V;, can be
written as
Gio 1
Vo = [ wio)l Fda+ [aR = (oi-+ 0+ A wio — B) (o)

Gio

()

1
= pi(R- ww+/ q = pi) R — (0 + Ai) wio — B] f(q)dg
Tio
a) For i = M, H it is

1

av, aww Owio OG0 . .
oA, aA [WioH+(0+A¢) 57— A, 1f(q)dq BNy [(Gio — pi) R — ((0 + Ai)wio + B)] f(Gio)-
Qio =0

By substituting g;, = p; + % + £0+—Api'&, we can immediately verify that the
square bracket in the last term of the RHS is equal to zero. Substituting %7‘3, =

I w,, .
R =~ iih=p < 0, we then obtain:
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1
Wi, / (0 + Aj)wi,

oA, P (pzm o B —pp) (@

1
pﬁ/(pifopL)f(q)dq >0, i=M,H.

Gio

Wio
i + A — L

b) When 4 holds as an equality, the manager is indifferent between Ip; and
I but profits are generally higher in the former case. Note that in this case
Wpo = WHo = w while qaro = pMJr% +Q§iw < pH+% +%§w = gy, Consider
the difference

Vio — Vo = /pH(R —w) f(q)dq + / [qR — (pr + A + 0)w — B]f(¢)dg +
—/hMmfwﬁ@Mmf/MR—@M+AM+mw—Mﬂm@
::l/Qm%wHR*wﬁ@Mm%/pﬂR*wV@Mq

1
- / (pu + A —pyv — Anp)wif(q)dg
;0
Qo
— [ ek toar+ Bas + 0w - B ()
ZI\]WO
Considering that in this case it is
Iy Iy Iy — I
pv+Av—pr pr+Am—pr v+ A —pv—Aum

Who = = WHo, =W
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the above expression can be written as

61\4 o a\H o

/ (prr—par) (R — w) f(g)dq + / pi (R — w) f(q)dg
- / (I — Ing) fa)dg — / (4R — (pr + Aot + 6)w — B] £(g)

dMo

_ /(pH_pM) (R —w)f(q)dgq

qHo 1
4 [ ApuR = Gpan)w = la = (Bas + 0w = B} Fyda — [ (T~ ) (o)
(/1\1\40 ZI\HO
ZI\HO qu
where / [¢— (par + Apr +0)w — B] f(q) > / [ — (pg + Ay +0)w— B] f(q)dg >
qnmo Mo
qHo
pu(R — w)f(q)dq. From the definition of discretionary pay we have that in
ZI\IWD
this case Iy — Ipg = (py—pm) w + zApw, and considering that Iy — Ipy >
(pa—pm) R, we have that

qMo 1

Vit = Vaso < [ U= = Gur-pan) vl f@a — [ @ - sy
Aq][c{[q — (Bar+0)w — B] — [pu R — (psr—par) wl} f(@)dq
= qA/MDzAwa(q)dq A/l (Im — Im)f(q)dg
70{[((1 —pu) R+ [(pr-pm) — (Am + 0)]w — Bl} f(q)dg

Considering that zAj; is very small and both the second and the third
term are negative, Vg, — Vs, will generally be negative. Recall that zAy; <
L=l — (py — pr) per Apy < A}y

WMo
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14 Appendix 7: Proof of Proposition 8

In case of a rational manager, the expected profit is

1

Vo = par(R — wg) + / (¢ — par)R - B)] f(a)da.

dRrR

Then, considering 8, Vg, — V,. is equal to

Vo — Vi = pH(R - wHo) - pM(R - wr)+
1 1
+ / (g~ (o + Agr + O)wio — BIf (q)dg — / (g — parw, — BIf(q)dg.

dHo qr

Under the assumption that ¢ is uniformly distributed over the interval [g,1],
such expression becomes

(pa — PM)
2(1-g)

(2 B (/]\Ho - (/]\7‘)
2(1-9)

Given that (pgr — par) R < Iy — Ip; by assumption 4, a sufficient condition for
Vo — Vi < 0 then is

VHofvr = (Z]\HO‘F(/]\T*QQ)R* AHwHo*prHo“i’prr

((/]\Ho (/]\7 2q) (2 — Z]\HO — ZJ\,)
I T = _ A o— ot » < 0. (10
( H M) 2(1 2) 2(1 2) HWHo—PHWHo TPMWr < ( )

In order to show that the condition 10 can be satisfied at Ay = A}, take into
account that for Ay = A3, it is:

_ Iy _ Iy _ * x s _
® WHo = 5ot =pr = put Ay, —pr = WMo where A}, = (14 2)Aj,, imply:
ing
pu + Ay —pL
Im—Iy="——F5——1Iu
pm+ A]\4 —PL
® PMW —PHWHo = pyv Iy _ paly — P Ay _ (pr—pPM) Iy
4 ¢ pu+Ay—pL  pE+AL—PL (pM—pL)(pM-l—A}‘u—IJL) (PM-"-A}‘W—I)L)

Substituting these expressions in condition 10 we obtain

*

. N . P A . .
— (prr — pm) (2 = Qro — @) =203 2(1—Gro—Gr+ )+ ——L—[2(1 = ¢) = (2 — Guo — )] <O
(pm —prL)

Considering that, from condition 4, the value of A}, depends on lIM, and
H

that 1 < % < LE=LL there clearly exist sufficiently low values of the ratio %

guaranteeing that the condition is satisfied.
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15 Appendix 8: Proof of Proposition 9

From Proposition 7 we have that for any given level of 8, Vj;, is increasing
in Aps. Consider, however, that for any given level of 8, the maximum value
that the parameter Ays can take is AY(9) = 1—1*’%9. For any level of 6 we
can then calculate the maximum level of V;,, that is the level of expected profit

M
corresponding to AY(6). Let us call it VifM ©,

From Assumption 1, the maximum level that can 6 can take is to 6™ (Ay; = 0) =

1—pg. We know from Corollary 3 that at such level of 0, it is V,. > V]@;ﬁ(e) (note

that Ips is chosen when Ay = 0). Let 6 diminish, which makes V), increase.

(0)

M
Correspondingly A3%(6) increases, further increasing VJ@O . Three cases are

then possible: i) it may be V]@?(e) =V, for some A} (0) < A%, so that for
further decreases in 6, it is VI@:)M(Q)

may still be V. > V]@f(e) at AM(9) = A%,; iii) it may also happen that § — 0
for AM(9) < A%, implying that I is never chosen because pys + A%, > 1. In

the first two cases, there clearly exists 6 > 0 such that V. > V]@f(e) for 6 > 6.
M

But even in the third case V, > VI@O @ will be reached for 6 > 0 because we
M

know from Corollary 3 that V,. > VJ@O @ for 6 — 0.

> V,; ii) for low enough values of A%,, it
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