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Abstract

We analyze the effects of optimism and overconfidence when the manager has bargaining power
and the compensation package includes severance pay. If the manager can renegotiate the initial
contract, the advantage of using severance pay to induce the manager to invest, commonly found
in the literature, is reduced by the presence of the biases. Optimism increases severance pay and
managerial entrenchement with a negative effect on profit. Overconfidence reduces incentive pay,
as shown by the previous literature, but its effect on severance pay depends on the intensity of the
bias. When overconfidence is moderate, severance pay is also reduced and profit increases. When
overconfidence is high, however, the increase in severance pay may offset the beneficial effect on
incentive pay. Thus, the attempt to exploit managerial overconfidence to reduce incentive pay may
backfire if the manager is replaced and severance agreements come into effect. Our model suggests
that the large severance payments documented by the empirical literature represent a form of efficient
contracting when the optimistic and overconfident manager has bargaining power.

JEL classification: J33, D86, D90, L21.
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1 Introduction

Severance agreements specify the payments the executives receive in case of departure. They are used
by a vast majority of firms and both the number of firms signing such contracts and the average amount
of the severance payments have increased in the last decades (Cadman, Campbell and Klasa 2016,
Callahan 2023, Huand 2011).! Despite the widespread use of these contracts, according to Callahan
(2016; p.2), "severance pay is perhaps the most controversial yet least understood form of executive
compensation". Indeed, theoretical research investigating severance agreements, has provided mixed
results so far. Severance payments have been criticized because they occur when the board of directors
dismisses the incumbent manager after a period of poor performance. Thus, these payments seem a
"reward for failure" that violates the pay-for-performance principle of agency theory (Bebchuk and Fried
2004). Criticisms are particularly severe when the dismissed manager receives a payment in excess of
the severance amount specified by the contract, a documented and widespread practice (Goldman and
Huang 2015). Other scholars however, suggest that severance payments are part of an efficient contract
because they provide CEOs with insurance for their human capital and, by offsetting the manager’s risk
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aversion, they offer incentives for investments in valuable risky projects. Furthermore, the separation
pay in addition to the contractual amount may be part of an implicit contract.

The present paper investigates the efficiency of severance payments by studying how managerial opti-
mism and overconfidence influence the optimal design of the agreement when the manager has bargaining
power and can renegotiate the initial severance contract. Following de la Rosa (2011) we distinguish be-
tween optimism and overconfidence. Optimism occurs when the manager has a subjective belief on the
probability of success higher than the “true” probability, while overconfidence distorts the manager’s
assessment of the increase in the probability of success due to her effort. In our context, effort takes the
form of a firm-specific investment that is observable but unverifiable. We investigate how optimism and
overconfidence affect the amount of severance pay necessary to induce the manager to leave when this
is profit enhancing but the manager can oppose replacement. We build upon the analysis of Almazan
and Suarez (2003) who suggest that renegotiating severance pay when separation occurs may be optimal
because it allows to establish the exact amount of the payment ex-post, once the board knows whether
the investment has been made. This is cheaper than just motivating the manager through an incentive
pay that has to satisfy an ex-ante incentive compatibility constraint.

Similarly to what happens in the previous literature on the optimality of severance agreements, in
our model severance pay mitigates the incentive to dismiss the manager when the replacement is only
marginally better. This, in turn, helps inducing the manager to undertake the level of investment
desired by the board. We assume that the incumbent manager has some bargaining power and can
credibly threaten to resist being replaced. The idea underlying this assumption is that the manager can
oppose replacement by making it a costly and contentious process so that valuable opportunities are
missed and firm value decreases. To allow a smooth replacement, the board is willing to renegotiate the
separation agreement and consent to a payment high enough to avoid costly opposition. As in Almazan
and Suarez (2003) the severance pay is renegotiated when the board knows whether the investment has
been undertaken and can be tailored to its level. However, overconfidence and optimism create a wedge
between board’s and manager’s beliefs on expected profit and they increase the amount of severance pay
asked by the manager. This, in turn, leads to entrenchment as the board retains the incumbent manager
even when the expected probability of success is significantly lower than that of the replacement. Then, a
new trade-off emerges between the saving on (ex-ante) incentive compensation resulting from the relaxed
incentive compatibility constraint and the higher cost for the (ex-post) severance payment.

The main findings of the paper can be summarized as follows. First, the advantage of using severance
pay to incentivize the manager to invest is reduced by managerial optimism and overconfidence if the
manager has bargaining power. These biases, that usually are beneficial for the firm when only the
incentive pay is considered (de la Rosa 2011; Santos-Pinto 2008), may turn out to be detrimental when
turnover and severance pay are taken into account. Second, both the degree and the kind of managerial
bias matter because overconfidence and optimism have different impact on managerial compensation
package and firm expected profit. In our model, optimism does not affect incentive pay but raises
contractual severance pay and thus reduces firm profit. Overconfidence, on the other hand, may be either
advantageous or detrimental for the firm depending on the degree of the bias. Moderate overconfidence
reduces both incentive pay and severance pay without affecting the investment choice, thus increasing
expected profit. Extreme overconfidence, on the contrary, may have a negative impact on profit. In fact,
it reduces the incentive pay but such positive effect may be offset by the distortion in the investment
choice resulting in a higher renegotiated severance pay. Thus, firm profit is non-monotonic in the degree
of overconfidence and our model shows that 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 the investment choice and the opportunity of replacing a manager who holds some bargaining



power are considered. Given that the managerial bargaining power is a key assumption in our model, we
study the robustness of our findings under alternative specifications of the payment that the manager
can obtain in case of dismissal. We show that our results are robust to alternative assumptions on the
bargaining power as long as it allows the manager to renegotiate the severance pay and obtain a positive
payment. When instead the manager cannot oppose replacement, zero severance pay is optimal.

Finally, our model helps explaining the common practice of granting a separation pay largely ex-
ceeding its contractual level, as reported by empirical studies and anecdotal evidence. We rationalize
such discretionary payment in forced turnover as result of the bargaining between the board and the
manager and we show that paying the manager who has been fired a sum in excess of the contractual
severance pay may be optimal for shareholders. When instead the manager has no bargaining power
as it is usually the case in voluntary turnover, zero severance payment is optimal. Our results are in
line with the empirical evidence of Goldman and Huang (2015) who show that discretionary separation
pay in forced turnover is motivated by the desire to facilitate a smooth transfer of power from a poorly
performing CEO to a potentially better replacement, while in voluntary turnover it signals weak internal
corporate governance.

This paper contributes to two streams of literature. First, it is related to the literature on the role
of severance pay from an optimal contracting point of view. In particular, in addition to Almazan
and Suarez (2003), several other papers suggest that severance agreements, by inducing a more lenient
replacement policy, mitigate the moral hazard problem and induce the manager to make a risky but
profitable investment. Wu and Weng (2018) consider a setting where the contract designed by the board
depends on the informativeness of an observed signal on the manager ability. In their setting both
entrenchment and anti-entrenchment may emerge in the optimal contract. Laux (2015) shows that the
optimal pay mix consists of restricted stock, to combat excessive risk-taking, and severance pay, to combat
excessive conservatism.? In a similar vein, a few papers demonstrate that severance pay, by protecting the
manager from the cost of dismissal, can alleviate information revelation problems. For instance, Inderst
and Mueller (2010) find that offering a combination of severance pay and steep incentive pay may be
the cheapest way to induce the manager to disclose information that may lead to her dismissal. Green
and Taylor (2016) show that severance pay may be necessary to induce truthtelling when the manager
has an informational advantage over the principal and the latter has to decide whether to terminate a
multistage project on the basis of such information. Similarly, Vladimirov (2021) focuses on the interplay
between severance pay and contract length and indicates that severance pay may discourage managers
from using window dressing or information concealment to avoid replacement.> Our paper contributes
to this literature by showing that the quasi-rent necessary to induce the manager to leave are likely to
be larger when the manager is optimistic and highly overconfident than in the absence of such biases,
thus limiting the optimality of severance pay.

Second, we contribute to the research on managerial overconfidence and optimism in a principal-agent
relationship (see, for example, Santos-Pinto 2008, de la Rosa 2011, Otto 2014) by showing that models
that do not account for the possibility of managerial turnover and severance payment, may overstate the
positive contribution of overconfidence and optimism. In a standard agency model with moral hazard
and risk averse agent the optimal contract trades off risk insurance and incentive provision. Managerial
overconfidence, and the resulting divergence of beliefs between principal and agent, makes it easier to
satisfy the participation and the incentive compatibility constraints, thus reducing the cost of eliciting
effort (Santos-Pinto 2008, de La Rosa 2011, Gervais et al. 2011, Otto 2014, Koszegi, 2014). Firms can

2The positive role of severance pay in encouraging risk-taking investment is confirmed by several empirical studies (see
among others Cadman et al. 2023).

3BEmpirical evidence suggesting that severance pay may curb managers’ incentive to misreport financial information
reducing agency costs is provided by Brown (2015).



take advantage of this effect either by inducing the same level of effort required to an unbiased (rational)
manager at a lower cost, or by offering a compensation structure with a particularly heavy incentive pay
(the so-called exploitation hypothesis).*

We depart from this literature by assuming risk neutrality and bargaining power on the manager’s
side. Managerial bargaining power implies that the manager can oppose being fired so that it may be
necessary to renegotiate the severance payment to induce her to leave. In a standard principal/agent
setting, managerial bargaining power would generally result in a different division of the gains from trade.
In our framework, the outcome of the renegotiation on the severance pay depends also on the managerial
perceived probability of success, so that a trade-off between the ex-ante saving on incentive pay and the
ex-post higher payment for the severance payment arises. We show that the impact of the managerial
biases in this setting is different from that in a standard principal-agent model. Optimism does not
affect incentive pay but increases renegotiated severance pay. This has a negative impact on expected
profits, contrary to what happens in the principal-agent literature where optimism makes high-powered
incentives more profitable for the firm. As to overconfidence, the size of the bias matters. We find a
positive effect of moderate overconfidence on expected profit in line with the results obtained in the
agency literature, but a high overconfidence may have a negative impact on firm profit.

Our paper complements the previous literature where the bias on beliefs leads to systematic differences
in "payoffs, effort levels and incentives between over- and underconfident agents" (Sautmann, 2013), by
showing that the belief bias impacts also the amount of severance pay and entrenchment. Moreover,
our results suggest that different degree of managerial biases may be beneficial for the firm according to
the bargaining position of the manager: moderate overconfidence benefits the firm when the manager
has a strong bargaining position while extreme overconfidence is beneficial when the manager has no
bargaining power.

The rest of the paper is organized as follows. Section 2 presents the model. In Section 3 we discuss the
difference between contractual and renegotiated severance pay in a simplified setting. Section 4 studies
the replacement decision and the renegotiation stage. Section 5 analyzes the optimal compensation
package. Given the optimal severance and incentive pay, Section 6 investigates the separate effects of
optimism and overconfidence on the optimal contract and on firm expected profit. Section 7 presents
an extension of the model where we discuss different assumptions on managerial bargaining power and
we show that our findings are robust to different bargaining settings as long as the manager has some
bargaining power. Finally, Section 8 concludes.

2 The model

Consider a board that perfectly represents the shareholders and maximizes firm’s value. The board
hires a risk neutral manager to implement a project. The cash flow generated by the project can take
two values, either 0 or R > 0. The probability of success of the project, denoted by pg, depends on a
firm-specific investment I, k = L, M, H, made by the manager after joining the firm. In the absence
of investment (I = I, = 0), the probability of success is py, > 0. If the manager makes investment I,
the probability of success increases to pas > pr, while it becomes pg > pps when the larger investment
Iy > Ipy is chosen. The cost of the investment ¢(I) = Ij is borne by the manager. The investment

4Note, however, that several papers highlight also the downsides of optimism and overconfidence. De La Rosa (2011)
finds that principal’s expected profit decreases in agent overconfidence when the agent is significantly optimistic and no
effort is implemented. Overconfidence may also induce managers to take too much risk in project choice (Malmendier
and Tate, 2008, Gervais et al. 2011) or it may reduce the incentive to gather information about a project leading to
inefficient implementation, (Downs 2023). For a comprehensive survey of the large literature on managerial optimism and
overconfidence see Malmendier and Tate (2015) and Santos-Pinto and de la Rosa (2020).



is unverifiable, though it is observable by the board that, consequently, comes to know the manager’s
probability of success before the results of the project become publicly known.

Only after the manager has undertaken the investment, a new manager materializes. We denote
the probability of success of the new manager by ¢ € [0, 1] and, since we have no reason to consider
any particular value of ¢ more/less likely to occur than other values, we assume that ¢ is uniformly
distributed.” Both the board and the incumbent manager observe the realization of ¢ which may be
higher than the probability of success of the incumbent even when the latter makes the investment
desired by the board. The new manager does not need to make any investment when joining the firm.
A high value of ¢ may result, for example, from a better match between the new manager’s ability and
the skills required by the firm (possibly she has made elsewhere an investment in human capital that
is valuable also in this firm). In other words, the firm-specific investment of the incumbent may not be
sufficient to avoid being less productive than the replacement. In such a case, the board may prefer to
fire the incumbent and hire the new manager. Note that this implies that we are focusing on forced,
not voluntary, turnover. Consistently with the evidence that CEOs have some power over the board,
we model a situation where the manager can oppose dismissal. In other words, the incumbent has the
ability to prolong the firing process and make it difficult for the company to move on in a different
direction with a new manager. Thus, replacement can occur only with mutual agreement between board
and incumbent. Specifically, we assume that the latter has a high enough bargaining power to oppose
replacement if contractual severance pay is smaller than what the manager believes she would receive
by staying with the firm, an amount that can be considered her "outside option" in the bargaining
process. This is meant to capture the fact that actual severance payments are indeed related to the
annual managerial compensation.® In Section 7, several alternative assumptions are discussed.

The incumbent manager and the board hold heterogeneous beliefs regarding the probability of success
and are aware of such divergence that affects both the original contract and subsequent renegotiation,
if any. Following the previous literature (de la Rosa, 2011), we decompose the managerial bias into
two components: optimism, 6, that is independent of the manager’s action and is always at work, and
overconfidence A;, i = M, H, that captures the manager’s distorted belief on the productivity of her
investment. The effect of such biases on beliefs is made explicit by the following assumption

Assumption 1: The manager’s beliefs about the probability of success are:

i) pr, + 0, if no investment is made, I = I, = 0;

ii) par + 0 + Ay, if the manager makes investment Ip;

iii) pg + 6 + Ap, if the manager makes investment I, where Ay = Ajp(1 4 z) denotes the high
overconfidence resulting from the high investment, with z > lﬁ%l]M >0and 1 —py —0> Ay >0.

Assumption 1 specifies that manager’s beliefs differ from the "true" probabilities used by the board
in two dimensions: level (optimism) and differences (overconfidence). Optimism has a uniform effect
on the manager’s beliefs, while overconfidence increases in the investment level: it is higher in case of
Iy than in case of Ip; and it is null in case of I;,. In other words, overconfidence and investment are
complements.” We consider the rate z of increase in overconfidence when moving from Ip; to Iy as a
parameter and we refer to an increase in Aj; as an increase in overconfidence. Given z > 0, the slope
of the manager’s beliefs of success (considered as a function of Ajy) is everywhere steeper in case of Iy

5This assumption is not necessary for most of our results, it is only used in the proof of Corollary 6 and in Section 7.

61 A typical severance contract would detail payments, usually equaling multiple times the CEO’s base salary and bonus,
as well as continuing/immediate vesting of existing executive stocks and options." (Goldman and Huang 2015; 1110). See
also Brown (2015).

"The complementarity between overconfidence and effort (investment) is a common assumption in the theoretical liter-
ature. Chen and Schilberg-Horisch (2019) provide experimental evidence that supports it.



than in case of Ij;.® Then, a rise in overconfidence results in a higher increase in the manager’s beliefs
of success if the latter chooses Iy than if she chooses I;. The assumption z > lﬂﬁﬂ implies that the
increase in the manager’s subjective belief of success is higher than the relative increase in the cost of the
investment making the high investment particularly attractive. In the following, we will show that this
assumption together with a high value of Aj; can lead to a situation where the managerial bias is large
enough to result in a distorted choice of the investment. A situation that we call extreme overconfidence.
We also consider the cases where the manager is not optimistic (§ = 0) or not overconfident (A, = 0)
or both (6 = Ap; = 0). In the latter case we call her a rational manager.
The following assumption completes the framework.

Assumption 2: Investment Ins is efficient: (pypr—pr)R > Ing while investment Iy is not: (pg—py)R <
Iy — I, though (pm —prL)R > In.

Note that Assumptions 2 implies 2=z > R > _Iv__ which can be satisfied if and only if
PH—PM PM—PL

v _ pv—pr
Iy = pu—pL

Assumption 2 ensures that I, is more efficient than both I; and Iy. Indeed, I, is more efficient than

I;, = 0 because its cost is lower than the increase in the expected return. The high investment [ instead,

is better than no investment but it is inefficient when compared to Ip; because the additional cost of

choosing Iy rather than I, is larger than the increment in expected return from the high investment.

If the incumbent remains in office, she enjoys benefit of control B > 0.7

The contract offered by the board maximizes the expected final cash flow of the project net of
managerial compensation. Recalling that the new manager is not necessarily more productive than an
incumbent manager who has made a positive investment, we focus on cases where the profit-maximizing
board wants to provide the incumbent with the incentive to invest even if replacement may occur with
positive probability. 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 of the incumbent takes value 0, as well as the compensation of the new manager
when replacement occurs. Our results would not change if we assumed a positive level of reservation
utility as long as such level is smaller than the expected compensation in case of no investment (see
discussion in footnote 12) and would remain qualitatively the same even with a larger reservation value.

The timing of the model can be summarized as follows:

t = 0: The board observes whether the manager is overconfident, optimistic or both and, accordingly,
offers a compensation contract aimed at inducing investment I;. The contract is enforceable. We denote
by {w(0,As; 1), s(0,A:; 1)}, @ = M, H the contract of an optimistic and overconfident manager. In
general, the first or (and) the second argument of the two functions can take value zero if the manager
is either not optimistic or not overconfident (or both). The manager decides whether to accept the offer.

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

t = 2: The board observes the investment level and deduces the probability of success.

t = 3: A rival manager appears. Board and incumbent manager observe the rival’s ability. The
board evaluates whether it is profitable to replace the incumbent. If this is the case, and contractual

8Similarly to de La Rosa (2011) and Santos-Pinto (2022), we are assuming that the marginal contribution of the
investment to the probability of success is increasing. Note that also the assumption that optimism has a uniform effect
on managerial belief is common to de La Rosa and Santos-Pinto.

9We allow for the presence of such a non-monetary benefit for the sake of the comparison with the literature on severance
pay. Contrary to what happens in the corporate governance literature where the benefit usually incentivizes the manager
to exert effort at the cost of a distorted replacement decision, in our setting no such trade-off occurs and the benefit plays
no role in the results.



s(0, Ay; I;) is too low for the incumbent to accept replacement, renegotiation occurs and a new level of
severance pay s’ is agreed upon. Note that, at this stage, the board knows whether the level of investment
is I; = I; meaning that the manager complies with the contract or whether it is I; # I; meaning that
she has chosen a different level of investment. Thus, s'(6, A;|I; # I;) indicates that the initial contract
was meant to induce investment /; while the manager has chosen a level of investment, I; # I;, resulting
in a level of overconfidence A;. In the case in which the manager has indeed undertaken the investment
required by the board we simplify the notation writing s(6, A;|I;) rather than s'(0, A;|I; = I;)'°

t = 4: Cash flow realizes. The manager is paid the compensation/severance pay agreed upon.

The model is solved by working backwardly. We first discuss renegotiation and we find the outcome of
the renegotiation under an arbitrary initial contract. Then, we discuss the board’s replacement decision.
Given the replacement decision, we derive the incentive compatible contract {w(0, A;;I;), s(0, A I;)}
that maximizes the firm final cash flow and we determine the investment level chosen by the manager.
Before developing our model we discuss the role of contractual and renegotiated severance pay in the
incentive contract.

3 Contractual versus renegotiated severance pay: an example

Before analyzing the optimal contract in the model described above, let us briefly illustrate the role
of severance pay with a simple example. Specifically, we discuss the different characteristics of the
contractual and the renegotiated severance pay and their impact on incentive pay. Recall that the
manager is risk neutral, so that there is no gain from reducing the uncertainty to which she is exposed.
On the contrary, paying the manager a pre-contracted sum at the moment when she is fired, reduces
the incentive to choose a positive investment because the difference in the expected payment under the
different investment choices is reduced. A key assumption in our the model is that the board can fire the
incumbent manager if a new and more productive manager materializes. In such a case, the incumbent
manager will be paid either the contractual severance pay or a renegotiated amount according to her
bargaining power and to contract provisions. A full discussion of this issue is presented in the following
section. Here, we limit ourselves to underline the implications of the different information available to
the board when the contractual and the renegotiated severance pay are agreed upon.

Given that the investment is unobservable, the board cannot condition the contract on the investment
level and it has to offer a combination of incentive and severance pay in order to induce the manager
to make the desired investment. Consider a simplified framework with no private benefits (B = 0) and
only two possible investment levels: I = Iy, = 0 or I = I, with the cash flow generated by the project
specified above, i.e. either 0 or R > 0. The associated probabilities of success are: py, >0 if I = 0 and
par > pr if T = Ip;. Assume further that the manager shares the same beliefs regarding the probability
of success of the board so that no divergence arises. This assumption does not affect the qualitative
difference between contractual and renegotiated severance pay that is our focus here.

The optimal value of the probability of success used by the board as a cutoff in the dismissal /retention
decision will be derived in the following section. Here, we simplify the analysis by assuming that the board
uses an exogenously given value as a threshold for dismissal. Specifically, we assume that it dismisses the
incumbent if the new manager has a probability of success ¢ higher than py; when investment I = I/ is
undertaken, and higher than py, if I = I;, = 0.

10The notation used for the contractual components differs from the one used for the renegotiated pay because the contrac-
tual payments (both incentive and severance pay) are agreed before the investment choice and therefore the investment level
specified in these payments (and the resulting overconfidence) is the one desidered by the board: {w(0, A;; ), s(0, Ai; I;) }-
Conversely the renegotiated severance pay takes into account the possible divergence between the investment undertaken
and the one desidered by the board.



Consider first the case with a positive contractual severance pay s > 0 and no renegotiation, (s" = 0).
Since s is decided before the investment stage, it cannot be contingent on I. This implies that, in
case of dismissal, the manager will receive the same payment irrespective of the level of I previously
chosen. As in standard agency problems, the optimal compensation has to induce the manager to accept
the contract (the participation constraint) and to choose investment I; rather than I = I, = 0 (the
incentive compatibility constraint). Under the zero reservation utility assumption and the assumption
that ¢ is uniformly distributed, the participation constraint (PC) can be written as

2% 1
[pwt@dg+ [sr@da-1 ~
0 PM
(pvw)pnr +s(1 —py) — I > 0,

where the first integral represents the expected compensation in case of retention (¢ < pas), and the
second integral represents the expected payment in case of dismissal (¢ > pys) when the manager chooses
IM.

The incentive compatibility constraint (ICC) is

PmM 1
/ prwf(g)dg + / s£(g)dq — Inr = (parw)par + s(1 — par) — It
0 M
’ PL 1
> (prewpr + s(1— p) = / prwf(g)dq + / s£(q)dq — T,
0 PL

where the first line is the expected compensation when the manager chooses I; and the second line is

the expected compensation when she chooses I;, = 0. It is immediate to see that the assumption of zero

reservation utility implies that PC is not binding. Consequently, we can focus our attention on the ICC.
The lowest incentive pay that satisfies (ICC) is

IM S
5 5 + .
Py — P PM + PL.

w(s >0, =0)=

Given that the amount s is paid when the manager is dismissed, the severance pay reduces the penalty
provided by the higher probability of dismissal when I = 0 is chosen, and therefore increases the incentive
pay necessary to induce the manager to invest I, i.e. % > (0. Thus, in case of a positive contractual
severance payment, the contract offered to incentivize Ij; is more expensive.

Consider now the situation in which the original contract does not include any severance pay (s = 0)
but the manager has bargaining power so that she can oppose the board decision and ask a positive
payment s’ > 0 in order to leave the firm. Note that there is no reason from an incentive point of view to
pay the manager once the investment has already been made. In other words, the renegotiated severance
pay can arise only in a situation where the manager has bargaining power and can oppose replacement
if she does not receive any payment when fired. This, per se, does not imply that the payment should
be renegotiated, but a key implication of the fact that at the renegotiation stage the board knows the
level of the investment is that the renegotiated severance payment can be contingent on I. Thus, if the
bargaining power of the manager positively depends on the investment level, the amount paid when the
investment is Ip; will be higher than the amount paid when no investment is undertaken: s, > s7.
Suppose for simplicity that in case of no investment the bargaining power goes to zero, so that s = 0.



Then, the ICC becomes (pyw)par + sh (1 — pavr) — Iy > (prw)pr, and the lowest incentive pay that
satisfies it, is

I (L—pum)sy
[T A Ve

The term that is subtracted on the RHS is the expected value of the severance pay. It is immediate to

w(s=s, =0,8) >0)=

see that it is easier to satisfy the ICC and that the incentive pay to induce I = I,; is reduced. Thus,
there is a negative relation between incentive pay and renegotiated severance pay, % < 0, because the
higher renegotiated severance pay when I = I is chosen (which is anticipated at the contracting stage)
contributes to incentivize the manager to choose this investment level. Observe that there is an important
difference between incentive pay and renegotiated severance pay because the former is contingent on the
return R which is a noisy signal of the investment, while the latter is directly contingent on the investment.
The qualitative results derived here under the assumption that the manager is rational hold also if
the manager is optimistic and overconfident. The optimal incentive pay will be different, but the sign of
%—Z’ and % are still positive and negative respectively, confirming that contractual severance pay makes
the ICC more stringent while the renegotiated severance pay contingent on I relaxes the constraint.

4 Renegotiation and replacement decision

Let us now analyze the problem in the general framework introduced in Section 2, starting from the
renegotiation of a contract designed to induce a positive level of investment I;, with ¢ equal either to M or
to H. We first determine under which condition the manager accepts dismissal. Given that she can oppose
such decision, the severance pay must compensate her for the loss she will suffer when fired, corresponding
to her belief of what she can obtain if she remains with the firm, (p; + 6 + A;)w; (0, A;; I;) + B. In the
present section we consider the case where contractual severance pay does not meet this requirement.
Consequently, a board willing to fire the incumbent, renegotiates the contract by making a take-it-or-
leave-it offer,

s'(0, 0| L;) > (pi + 0 + Aj)w(0,Ay; 1) + B, (1)

that is acceptable by the manager. The optimal level of renegotiated severance pay s'(0, A;|I;) is clearly
equal to the RHS of the above inequality. Given that the investment decision has already been made,
there is in fact no reason for the board to increase the renegotiated payment above the minimum level
necessary to overcome the incumbent’s opposition to replacement. Such payment is correctly anticipated
by both the manager and the board when the contract is signed and thus contributes to the expected
compensation or expected cost calculated by the manager and the board respectively.

The board wants to replace the incumbent whenever the expected profit is higher under the new
manager, i.e., when the gain from replacement, computed by using the "right" probability of success, is
higher than the cost. Anticipating that severance pay will be renegotiated, the board will then fire the
manager when

qR — 5'(0, A1) > pi(R—w(0, A 1)), i=M, H, (2)

where the LHS represents the expected profit under the new manager and the RHS the expected profit
under the incumbent. Note that, since the new manager does not invest, she does not receive any
incentive pay. The above inequality implies that the manager is fired when

iw(0, Ag; I;) — s'(0, Aq|1;
1 (B2 0.001)

- (3)

meaning that the firing decision is based on the difference between the probability of success of the

replacement with respect to that of the incumbent, "adjusted" for the difference in the payment to



the incumbent manager in case of retention and dismissal. When the firing cost represented by the
severance pay exceeds the sum saved by replacing the manager, i.e., when p;w(0, A;; I;) < s5(0, A;|L;),
the board will replace the manager for higher values of ¢ than in the opposite case. We are here discussing
renegotiation but the above expression allows us to consider also what happens if no severance pay (either
renegotiated or contractual) is paid. It is immediate to see that, in case s;(0, A;|I;) = 0, the manager
is fired even when the replacement has a lower probability of success than her own. In other words, if
the contract does not contemplate any severance payment the manager is dismissed too frequently. This
occurs because the new manager is not given any incentive pay in relation to the current investment
project.

For replacement to occur, both condition (2) and condition (1), the latter in the form of an equality,
must be simultaneously satisfied

(g —pi) R+ piw(0, Ai; I;) > 5'(0, Ai| L) = (pi + 0 + Ai)w(0, Ay I;) + B.

Note that in the LHS of this inequality, the payment to the manager in case of retention is what the
board expects to pay and therefore is computed using the "right" probability of success, while in the
RHS the payment required by the manager in case of dismissal is computed using her subjective beliefs
of success.
The above condition, taken in the form of an equality, determines the cutoff value of ¢, above which
the board will replace the incumbent.
30, A1) = pi + B+(9+A;;w(9,Ai;Ii)- (4)

Since the severance pay required by the manager in order to leave is the monetary equivalent of her

expected utility in case she stays with the firm, the above cutoff value is increasing in w(6, A;; I;) and in
B. Note that the term B+(0+Ai3%w(9’A“I"')

in case of dismissal and in case of retention (see, 3).

represents the difference between the two expected payment

To fully characterize the contract offered to the manager, we have to determine the incentive pay
w(f, A;; I;) and the contractual severance pay s(6, A;; I;) (which in turn determine the outcome of the
renegotiation process, s'(6, A;|1;), and the cutoff value (0, A;|I;)). This is done in the following section.
Note, however, that in the above discussion we have taken it for granted that the incumbent makes
investment I;, ¢ = M, H, when the contract has an incentive component equal to w(6, A;; I;). In order
to determine the optimal contract, we also need to consider the hypothetical case where the incumbent
makes investment I; when the contract requires her to choose I;, so that the renegotiated severance
pay becomes s'(0,A;|I; # I;) and the cutoff value above which the manager is dismissed becomes
q(0, Aj]I; # I;). This never occurs in equilibrium but, precisely to provide the appropriate incentives to
discourage such behavior, we need to take into account what payment the incumbent obtains in such a
case.

The next lemma summarizes the above discussion, and indicates the optimal payments that induce
the incumbent to leave both when she has made investment I; and when she has made investment I,
despite the incentive pay offered at ¢t = 0, w(6, A;; I;), was meant to induce I;. Note that the latter case
may occur if either the manager has not invested (I; = I, = 0) or if she has chosen a positive level of
investment different from the one required by the board (I when Iy, is required or viceversa).

Lemma 1. If renegotiation between the board and the incumbent manager takes place under a contract
with incentive pay equal to w(0, A I;), the optimal renegotiated severance payment is
i) (0, A;|L;) = (pi + 0 + Aj)w(0,As; I;) + B if the incumbent has made investment I;, i = M, H;

i) s'(0,A;|1; # 1;) = (pj + 0 + Aj)w(0, As; I;) + B if the incumbent has made investment I; # I;
i=M,H,j=L,M,H.
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4.1 Renegotiation in the case of a rational manager

In order to establish a benchmark for our analysis, we consider a rational manager whose subjective
beliefs are equal to the "true" probabilities, that is we consider the case where 8 = Ay = 0. In such a
case, the cutoff value of ¢ above which the manager is dismissed is

N B
q(0,0|L;) = pi + =

Again, the replacement decision is determined by the difference between the probability of success of
the replacement with respect to that of the incumbent, "adjusted" for the difference in what should be
paid to the incumbent manager in case of dismissal and retention. The additional cost paid in case of
dismissal with respect to retention is only given by the private benefit enjoyed by the manager if staying
with the firm. In other words the difference p;w(0,0;I;) — s'(0,0|I;) reduces to %.

Note that the cutoff ¢(0,0|I;) is lower than the cutoff determined in the case of a biased manager
q(0, A;|1;) and does not depend on the incentive pay. In fact, optimism and overconfidence give rise to an
entrenchment effect by distorting the replacement decision: ¢(6, A;|I;) is higher than ¢(0,0|1;) because
of the higher severance pay (depending in turn on the incentive pay) required by the overconfident and
optimistic manager to accept replacement. Since it is more costly to replace a biased manager, the board
will replace her only when the probability of success of the replacement is higher.

As far as the renegotiated severance pay is concerned, by setting § = A; = 0, we have from Lemma
1 that if the incumbent has made investment I;

5;(0,0]1;) = piw;(0,0; 1;) + B, i=M,H.

As in the case of an overconfident manager, the renegotiated severance pay corresponds to the amount
that the manager expects to obtain by staying with the firm, because any payment lower than that would

be rejected.

5 Manager’s investment and optimal compensation

Having established the optimal renegotiated severance pay, we can now determine the contractual sever-
ance pay and the incentive pay necessary to induce a positive level of investment. Then, we will be able
to determine which is the optimal level.

Recall that we have normalized to zero the reservation level of utility and consider that the firm wants
to induce the manager to choose investment I;, where 4 can alternatively be M or H. Anticipating that

in equilibrium the severance pay will be renegotiated,'! the participation constraint is
q(0,A:]1;) 1
0+ AJw®, A1) + Blf g+ [ SOAL@dg -1 20, (PC)
0 q(0,A:]1;)
where the first integral represents the expected compensation in case of retention (¢ < q(0, A;|I;)), and

the second integral represents the expected payment in case of dismissal (¢ > (0, A;|I;)), provided that
the manager has undertaken the investment desired by the board.

1 Such result is proved in Proposition 1. Anticipating it here greatly simplifies the notation and the statement of the
constraints that, in fact, have the form that they will take in the problem of the board (where the result of Proposition 1
is considered).
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Moreover, two incentive constraints must be satisfied. The first one, (ICC 1), guarantees that the
manager prefers I; to not investing
q(0,A:]1;) 1
[(pi + 0 + A)w(0, Ay I;) + Bl f(q)dg + / s'(0, Al 1) f(q)dg — 1; = (ICC 1)
30,241

0 a( )
1

(pr + 0w (8, Ai, 1) + B) f(q)dg + / S(60,000 # I,) f(q)dg,
q(0,0]0+#1;)

)
~
>
=]
o
S
~
s
-

o

where, according to the notation introduced in Section 2, s'(8, A;|I;) and q(6, A;|I;) are, respectively,
the renegotiated severance pay and the cutoff when the manager complies with the contract aimed to
induce investment I;, while s'(6, 0|0 # I;) and ¢(6,0/0 # I;) would be the values of these variables if the
manager were to undertake no investment. In the latter case, the manager would not be overconfident,
ie., A; = 0. However, this would not affect the value of incentive pay w(6, A;; I;) as such value was
established ez ante at the contractual stage, on the ground of the required level of investment I;.

The second incentive constraint, (ICC 2) requires that the manager prefers I; to I; when the contract
prescribes investment I;

q(0,A:]1;) 1
[(pi + 0 + A)w(0, Ags 1;) + Bl f(q)dg + s'(0, Al ;) f(q)dg — 1; > (ICC 2)
0 q(0,A:1;)
q(0,25]1;#1;) 1
[((pj + 0+ Aj)w(0,Aq; I;) + B] f(q)dg + / SI(Q,AJ‘HJ‘ # 1;) f(q)dq — I;.
0 q(0,0,1;#15)

Here q(0, Aj|I; # I;) denotes the cutoff when the contract aims to induce I; but the manager undertakes
investment ;. In the latter case, the manager’s overconfidence is A; # A; but again this, while affecting
the renegotiated severance pay and the ex post condition for dismissal, does not affect the incentive pay
that is determined ex ante when the contract is offered.

By comparing (PC) and (ICC 1), we can immediately prove the following lemma.

Lemma 2. If incentive compatibility constraint (ICC 1) is satisfied, the participation constraint (PC)
is satisfied as well.

Proof: Note that, by substituting s'(0,0]0 # I;) from Lemma 1, the RHS of (ICC 1) becomes (pr, +
w6, A;; I;) + B > 0in the case of a biased manager and prw(0,0; ;) + B > 0in the case of a rational
one. Consequently, if incentive compatibility constraint (ICC 1) is satisfied, the participation constraint
(PC) holds in the form of an inequality.O

Given that the manager has enough bargaining power to obtain the same utility both in case of
retention and in case of dismissal, the participation constraint is never binding.'?> We then focus our
attention on the ICCs.

12 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, (pr + 0)w(0, A;, I;) + B. Note that if it were (pr + 6)w(0,A;, I;) + B < u, the
reverse would hold because (ICC 1) would always be satisfied and could be disregarded in the following analysis.

However, in the latter case, the participation constraint would become binding which would make i) the case of overin-
vestment more likely and ii) incentive pay also depend on optimism.

12



5.1 Contractual severance pay

When writing the ICCs, we have anticipated that severance pay will always be renegotiated, so that
the relevant value is s'(0, A;|1;). We now want to prove that this is the case. The following proposition
establishes that there is an entire range of optimal contractual severance payments s(6,A;; I;), but
that all such values are lower than (or equal to) the minimum payment the manager can get at the
renegotiation stage s'(0,0]/0 # I;) corresponding to the case where she makes no investment under a
contract prescribing I; > 0. Consequently, contractual severance pay will always be renegotiated.

Proposition 1. Any level of contractual severance pay s(6, A;; I;) such that 0 < s(0, A;; I;) < s'(6,0[0 #
I;) is optimal. Given that s'(6,0|0 # I;) < §'(0,A;]I;), renegotiation occurs at t = 3 whenever the
manager is replaced after a positive investment.

Proof: See Appendix 1.

The intuition comes from the fact that the amount established at the contracting stage cannot be
contingent on the investment. Thus, it reduces the expected penalty from not investing and implies
a higher incentive pay to induce the manager to invest. Moreover, since the contract is enforceable,
the board must pay any amount specified in the contract even if the (unverifiable) investment, is not
the desired one. Conversely, at the renegotiation stage, the board knows the investment chosen by
the manager, so that the severance payment can be contingent on the investment. It follows that, at
the contracting stage, the board doesn’t want to commit to any level of severance pay higher than the
minimum the manager can receive at the renegotiation stage. This minimum amount is what the manager
can obtain in the case where the contract requires a positive investment but the manager does not comply
and chooses I, = 0. A contractual severance pay s(6, A;; I;) higher than the minimum level required at
the renegotiation stage by a manager who had not invested s'(6,0;0 # I;), is not profitable for the firm
because it makes the ICCs more binding with no positive effect on the participation constraint (that is
slack). Hence, the total expected compensation would increase with no positive counterbalancing effect.

To better understand why even a contractual severance pay equal to zero can be optimal, consider
that the manager anticipates that any payment lower than what she can obtain by staying with the firm
will be renegotiated. In other words, the manager anticipates that, when s(8, A;; I;) is low, an additional
payment will be agreed upon at the renegotiation stage so that the overall amount of the renegotiated
severance pay will offer her the amount required to accept replacement. This clearly provides the incentive
to invest even when contractual severance pay is zero. Hence, what really matters for the investment
is the severance pay that the manager can bargain in case of dismissal, not the amount specified in
the contract. In Section 7 where we discuss alternative bargaining assumptions we show that a zero
contractual severance pay can still be optimal even with different levels of bargaining power.

Finally, note that this result is in contrast with the generous severance payments specified by man-
agerial contracts. While any level between zero and s'(6,0; 0 # I;) is equally optimal in our model, in the
real world a zero contractual severance payment is the exception rather than the rule. A possible reason
to set the contractual severance pay at a higher level, included the highest optimal level, s'(6,0;0 # I;),
is that shareholders generally oppose a large renegotiated payment in excess of the contractual agree-
ments. Shareholders usually consider such a payment an indicator of managerial power that allows the
departing manager to obtain more than its contractual entitlement with no economic justification other
than its influence on the board and consequently try to limit its amount. However, as explained above,
this can give rise to costly ligation. Then, the board may want to keep the additional component at the
minimum by setting the contractual component at the highest among the optimal levels.
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5.1.1 Contractual severance pay for a rational and for a biased manager

All what we said on contractual severance pay holds both for an optimistic (6 > 0) and/or overconfident
(A; > 0) manager as well as for a rational one (§ = A; = 0). The only difference is obviously in the
values taken by the maximum level of contractual severance pay. In the case of a biased manager this
is §'(6,0;0 # I,) = prw(0,A;; I;) + B while in the case of a rational manager it is s'(0,0(0 # ;) =
prw(0,0;1;) + B

5.2 Incentive pay and investment level [,

In this section we determine the incentive pay necessary to induce the level of investment requested by
the board. Consider first the case where the board wants to induce the efficient investment level I,;.
The compensation must satisfy incentive compatibility constraints (ICC 1) and (ICC 2). By substituting
s'(0, Apr|Inr) and s'(6,0|0 # Ips) from Lemma 1, (ICC 1) can be written as

q(0,An|Inr) 1
[(par + 6 + Anp)w(8, Ans; Ing) + B)f(q)dg + / [(par + 0 + App)w(8, Apr; Ing) + Bl f(q)dg — Ing >
0 q(0,An | Inr)
q(0,0]0#1r) 1
(b + 0)w(6. M L) + Blf @da+ [ (o1 +0)w(6, AusiTar) + Bl a)dg
0 q(0,0|0#£1ar)
or:

(pl\l + 0 + AM)w(Q,AM;IM) + B — (pL + Q)W(Q,AM;IJ\l) - B Z IJ\{,

implying that the incentive pay must satisfy

Iy
0, Ap; Ing) > . 5
i, Aar; Laa) (pvr + Anp —pr) ©)

Consider then (ICC 2) with ¢ = M and j = H. Substituting for s'(6, Anr|Inr) and (6, Ap| I # Inr)
from Lemma 1, (ICC 2) becomes

(pr + An —pav — Anp)wne (0, Anrs Ing) < I — Ing.

Therefore, to guarantee that both ICC1 and ICC2 are satisfied, it must be the case that

Iy
P+ Aar —pr

[ = T (6)

<wp (0, Ap; Ipy) < .
e i Tn) P+ A —pyv — A

Recalling that Ay = Aps(1 + z) such inequality can be satisfied if and only if

Inv . P+ Am—pr
In =~ py+An(1+2)—pr

(7)

When the value of Ay is high, the value of the RHS of the above inequality is small so that it can
be difficult to satisfy such condition and guarantee that the manager chooses investment I;.'> In
other words, when the degree of overconfidence is large, the manager even if offered w(0, Ans; In)
to incentivize Ip;, will choose Iy. This happens because a high level of overconfidence increases the
subjective probability of success to such an extent that, by choosing I, the manager expects an increase

13 , il PMAANM—PL _(pr—pr)=0+2)(py—pr) ‘s in fs Iy . i :
Note that EINY: (pH+AZ\4(1+Z)*pL) = o A () )2 <0.Itisin fact 1 +2 > Tat from Assumption 1, and

1 > PH=PL g4y Assumption 2.
Ine = PM—-PL
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in her compensation that more than compensates the additional cost of the investment. This implies
that, for a high enough level of overconfidence, ICC2 does not hold.
Consider the following definition.

Iy (pr—pL)—Ia(pym—pL)
IH—IM(l—&-z)
that ICC 2 is satisfied. Conversely, when Ay > A%, the manager is extremely overconfident and ICC 2

does not hold.

Definition 1. The manager is moderately overconfident when Ay < A}, = 50

Note that A3, > 0 follows from z > IHI;MIM.M When the manager is moderately overconfident, I
is incentive compatible and a board willing to induce such a level of investment will offer the lowest
possible level of w(0, Apr; Iyr) satisfying the incentive compatibility constraint, that is

. E— IM
w(8, Apg; Ing) = T -t (8)

When instead the manager is extremely overconfident, Iy, cannot be implemented. This highlights the
potential downside of overconfidence that may induce the manager to choose the inefficient investment.

5.3 Incentive pay and investment level Iy

Consider then the incentive pay necessary to implement the investment level Ig. The incentive compat-
ibility constraints for the high level of investment, Iy, ICC1 and ICC2, respectively imply

I

0, Ay Iy) > ——H
i, A Ir) (pr +Ag —prL)

(9)

and
Ig — Iy Ig — Iy

(it + D —par — D) pu—pu + 280

The first inequality guarantees that the manager prefers Iy to zero investment, while the second one

w(0, Apr; L) > (10)

guarantees that Iy is preferred to Ip;. The minimum incentive pay required to induce investment Ip
depends on which constraint is binding.

Let us first consider the case in which the manager is extremely overconfident so that Ip; is not
implementable. It is immediate to verify that the binding constraint in order to implement Iy is the
first one. In fact, Definition 1 says that extreme overconfidence, Ay; > A%, occurs when

Iy pv+ Ay —pL (1)
Im = pu+Am(1+2) —pr’

which corresponds to the case where (9) is the binding constraint because condition (11) is equivalent to

e i“; =0 > GnE AIS:I% ) In this case, the increase in the perceived probability of success due
to the choice of Iy is so high that the manager always prefers I'y to Ip; so that the optimal incentive

pay is given by the lowest value of w satisfying (9)'°

Iy
w(, Ay Ig) = —————.
6, A L) P +An —pL

Let us then investigate whether investment Iy can be incentive compatible even under moderate over-
confidence. The next proposition proves that even if this is possible it is generally unprofitable. Thus,

1n fact if the rate of increase in overconfidence when moving from Ins to Iy were low (z < lﬂﬁu), (7) would always

be satisfied. Here we want to analyze the interesting case where overconfidence results in the distortion in the investment
level.

15 at o Ia PMHAM—PT ; e . _ Iy Ing _ .
Note that if T~ potAuOrs) it follows that w(0, Am;Ig) = AT L < T AN = w(0, Anr; Ing).-
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Proposition 2 allows us to restrict our attention to two mutually exclusive cases: extreme overconfidence
with investment level Iz, and zero or moderate overconfidence with investment level I;.1°

Proposition 2. The incentive pay offered by the board depends on the degree of managerial overconfi-
dence while it is independent of optimism:
I

- w0, An; Ing) = w(0, Apgs Ing) = A= s generally offered when the manager is moderately

overconfident (Apr < A%;) so that the manager chooses Iy

w0, Ap; Ig) =w(0,Ay; Ig) = @H—Jriﬂm is offered when the manager is extremely overconfident

(Ar > A%y) so that the manager chooses Ip.
Proof: See Appendix 1.

The effect of overconfidence follows immediately from the discussion above. Optimism has no impact
on the bonus because it uniformly shifts upwards the probabilities of success with no distortion in the
marginal probabilities. A similar "no distortion" result is found in de la Rosa (2011) where, however,
optimism tends to make the incentive pay steeper by relaxing the participation constraint. Note that,
since in our model optimism increases the return of both investment levels without changing their relative
profitability, it does not affect the choice of the investment.

5.3.1 Incentive pay when the manager is rational

When the manager is rational (§ = Ap; = 0), the efficient level of investment Ip; can always be
implemented while Iy is not implementable. Consider condition (6). This implies that the two incentive
compatibility constraints for investment level I, are now satisfied when

I Ig—1
M < war (0,05 Ipr) < M

M . (12)
Pm —PL P —Pm

For such condition to hold it must be

Iy _ pyv —pr

Iy = pm—pL’
which, however, is always the case by assumption 2. On the other hand, it can be easily proved that Iy
cannot be incentive compatible, so that I, will always be implemented in the case of a rational manager.

Corollary 1. When the manager is rational, only In; is incentive compatible and the board offers
. ) _ I

incentive pay w(0,0|Iy) = (v

Proof: To prove that, when the manager is rational, Iy is not incentive compatible, consider that ICC2
in this case implies

w(@,AH;IH) >

but we know that (—I{g—:gﬁ—) > R by Assumption 2, so that the board will never offer such incentive pay.

Then I will be incentivized with the lowest level of w that satisfies (12).00

Proposition 2 and Corollary 1 highlight the role of overconfidence in the investment choice. When
the manager is rational and holds correct beliefs about the probability of success, it is not possible to

implement Iy because the manager is aware that the additional cost cannot be compensated by the

16The terms moderate and extreme overconfidence in our model only refer to the bias in the belief of the manager’s
investment productivity (overconfidence in a strict sense). This is different from the distinction in de la Rosa who
considers "slight" or "significant overconfidence overall" referring to the sum of the two biases.
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increase in the expected compensation. In fact, Assumption 2 guarantees that the rise in the cost is
higher than the gain in expected return. However, this may not be enough to prevent an overconfident
manager from choosing the inefficient investment because of the biased assessment of the probability
of success. Thus, our model accounts for the possibility, documented by a large literature (see, among
others, Malmendier and Tate 2005 and 2015), that an optimistic and overconfident manager may choose
an investment level higher than the optimal one. The differential effects of optimism and overconfidence
are analyzed in more detail in the following subsection.

6 The effects of Optimism and Overconfidence on the optimal
contract and firm expected profits

From the above discussion there emerges that overconfidence and optimism have different impacts on
the contract offered by the board. In this section we analyze in detail how each single bias affects
the contractual components (incentive pay and severance pay), the cutoff used by the board in the
replacement decision and the firm’s expected profit.

6.1 Optimistic, but not overconfident, manager

Consider first a manager who is only optimistic (§ > 0, Ap; = 0). The following corollary clarifies the
impact of a change in optimism on the contractual components.

Corollary 2. Optimism has no effect on incentive pay, M%l = 0, while it increases the renegotiated
severance pay and the cutoff value for the replacement decision: Mg#)o@ > 0 and %%}@ > 0,
i=M, H.

Proof: see Appendix 1.

Optimism shifts the perceived probability of success upward by the same amount for all investment
levels and therefore does not affect the incentive pay. Hence, an optimistic manager has no reason to
prefer the high investment Iy when I, is required. In fact, given that incentive pay is not affected by
optimism, the optimal level of the bonus for an optimistic (but not overconfident) manager is equal to

that of a rational one
I

(pm —pL)

An increase in optimism (), however, raises the renegotiated severance pay because the higher perceived

w(0,0; 1) = = w(0,0; Ins).

probability of success induces the manager to overvalue the expected incentive pay if confirmed!”
§'(0,01nr) = (par + 0)w(6,0; Iny) + B > ppw(0,0; Iny) + B = 8'(0,0]1p).

The higher renegotiated severance pay increases the cutoff for the retention/dismissal decision (4)

~ B B 6-w(0,0;1n) B
q(0,0[Inr) = par + 7+ i > Pyt = q(0,0[Ias).

Thus, a positive entrenchment effect is at work even if the manager is only optimistic. Observe that
q(0,0; ) has an intermediate value between the corresponding cutoff value for a rational manager

q(0,0/Iar) = pumr + % and that for an optimistic and overconfident manager, (0, Ay |In) = pi +
B+(0+A)w(0,A415)
R

17This has no effect on the incentive compatibility constraints because s'(6, 0|0 # Ips) and s'(0,0|I; # Ip) are raised by
the same proportion.
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Consider now the expected profits of the firm

q(0,0[Iar) 1
V(0,0]1n) = / [pr (R —w(0,0;In))] f(q)dg + / (R — (pm + 0)w(8,0; 1)) f(q)dg. (13)
0 q(0,0[1nr)

A natural question concerns the overall impact of optimism on expected profits resulting from the com-
bined effects on expected incentive pay, retention policy and expected severance payment. This is
established by following corollary.

Corollary 3. The expected profit of the firm is decreasing in optimism 6 : M%—g‘m <0.
Proof: See Appendix 1.

The negative relation between optimism and expected profits in our model is in contrast with the
positive effect found in de la Rosa and in the previous principal/agent literature where optimism, by
relaxing the incentive/insurance trade-off due to the agent being risk-averse, makes high-powered incen-
tives more attractive and has a positive influence on expected profits. The difference is that in our model
optimism increases the expected payment to be made to the manager through the severance pay.'® Being
the manager risk neutral, there is no positive insurance effect.

The corollary above suggests that, if the board were to know the type of the manager, it would prefer
a rational manager to an optimistic (but not overconfident) one. Indeed, considering that in both cases
the investment level I, will always be chosen, the above discussion shows that the expected profit is lower
under an optimistic (but not overconfident) manager than under a rational one: V(6,0/I;) < V(0,0|I;).

6.2 Overconfident but not optimistic manager

Consider now the opposite case where the manager is overconfident but not optimistic. The following
corollary shows how a change in overconfidence affects the contract offered by the board when 6 = 0 and
A; > 0.

Corollary 4. Overconfidence continuously reduces incentive pay, and increases the cutoff value for dis-
missal. For a given investment level I;, 1 = M, H, it also reduces the renegotiated severance payment:

88/ O,Ai II
OA;

impact on severance pay.

1, < 0. Only at A3, where the shift from Iy to Iy occurs, overconfidence has an increasing

Proof: See Appendix 1.

That the incentive bonus is continuously decreasing in A, for a given level of investment I;, t = M, H
immediately follows from the expression for w(0, A;; I;). The bonus is also decreasing at A%, where there
is the shift from Ij; to Iy. This implies that the incentive pay is always lower than that of a rational

manager
I; Iy

<
(pi +Ai—pr)  (pm—pL)

The result that incentive pay is smaller when the manager is overconfident is in line with previous

= w(0,0; Inr).

theoretical literature and with empirical evidence (Otto 2014, Humphery-Jenner et al. 2016). This
simply derives from the fact that overconfidence induces the manager to overestimate the effect of her

8 Even if (6, 0|Ipr) increases with 6, contributing to the entrenchment phenomenon, expected profit is not affected by
such increase because g(0,0|Ips) is adjusted in order to maximize profits (see the proof of the Corollary).
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investment on the probability of success so that a lower bonus is needed to incentivize the same level of
investment.

The inverse relation between overconfidence and the renegotiated severance pay is the result of two
contrasting effects. On the one hand, there is an increase in the manager’s perceived probability of
success that in turn increases the required severance pay. On the other hand, there is a reduction in the
incentive pay that is the main component of the severance payment. This latter effect dominates and
the reduction in incentive pay more than compensates the increase in the subjective belief of success.
Only at A%, where the shift from Ijs to Ig induces a spike in the belief of success, there is an increase
in §'. For Ay > A%, however, s’ (0, Ag|Iy) is again decreasing in Ajs even if we cannot say whether
the rise occurring at A%, will make s'(0, Ay |Iy) everywhere higher than s'(0, A%;|Iy). It may happen
that for very high values of Ay, s'(0, Ay |Iy) falls below s'(0, A% In).

By comparing the renegotiated severance payment of a moderately overconfident manager with that
of a rational one we can say that the former is lower than the latter

s'(0, Apr|Ing) = (par + Anr)w(0, Angs Ing) + B < payw(0,0; In) + B = s'(0,0]as).

Overconfidence results in higher entrenchment because

—~ B Az w(O,Al,IZ) B N
700, A | ) pit g+ = >py+ 7(0,0[I,)

both for a given value of investment /; and at A%, where the shift from I3s to Iy occurs. Again there are
two contrasting effects at work. On the one hand, overconfidence has a positive direct impact through
the higher belief of success that multiplies the incentive pay. On the other hand, it has a negative indirect
effect due to the fact that the incentive pay w;(0, A;; I;) is decreasing in A;. The latter effect dominates
creating an upward distortion in the replacement decision.

Assumption 1 indicates that A,y is the parameter that measures the "basic" overconfidence while z
measures the increase in overconfidence due to a higher investment level, i.e., when moving from I,; to
Ig. In fact, z is another route through which overconfidence affects incentive pay. Thus, we may wonder
what is the effect of z on the contractual components, keeping the "basic" overconfidence Aj; constant.
Obviously, this is relevant only in the case in which the manager chooses Iz. It can be easily verified
that in such a case the impact of a rise in z is similar to the impact of Ay just analyzed: when z rises,
the incentive pay and the renegotiated severance pay decrease, while the entrenchment increases. Again
the higher entrenchment follows from the dominance of the incentive pay effect that makes the retention
of the manager more convenient.

Let us now evaluate the total effect on expected profit of an increase in overconfidence as proved in
the following:

Corollary 5. For a given investment level I;, i = M, H, expected profit is increasing in overconfidence.
When Ay = A3, and a further increase in Ay implies a shift from Ing to Iy, there is a discontinuity:
the expected profit generally has an initial drop and then resumes an increasing trend.

Proof: See Appendix 1.

Profit is increasing in overconfidence as long as overconfidence is moderate and does not lead to
a change in the investment level. This also implies that expected profit is higher with a moderately
overconfident but not optimistic manager (6 =0, 0 < Ay < A},) than with a rational manager. When
a rise in overconfidence induces the shift from Ip; to Iy, there is a discontinuity and expected profit

suddenly drops because, due to the rise in the subjective belief of success, the manager requires a higher
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renegotiated severance pay. Observe that the difference between renegotiated and contractual severance
pay is at least equal to the value of the investment.'® Thus, when the manager switches from investment
Iy to Iy, the severance pay suddenly increases by at least Iy —Ips. Once the new level of investment, Iy,
is chosen, expected 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.

Summarizing, a moderate level of overconfidence that does not distort the investment choice, is
beneficial for the firm but this may not hold true for extreme levels of overconfidence. In particular,
while a moderately overconfident but not optimistic manager yields higher expected profits than a rational
one, the reverse may hold in the case of an extremely overconfident manager. This issue is analyzed by
the following corollary.

Corollary 6. For Ay < A%, it is V(0, Anr|Iar) > V(0,0|Inr), but the drop in expected profit occurring

at A%, can be high enough to result in V(0,Ag|ly) < V(0,0In) for A%, = A, + &, when z >
A% w(0,A% 5T y)
(pMppr)‘HUH"r = QRH 4 d . ) . i
ST and pg — py is sufficiently small.

Proof. See Appendix 1.

Corollary 6 highlights the negative impact on expected profit resulting from the shift in the investment
from Ijs to Iy and provides an indication as to the size of the drop that takes place at A},. In particular,
if the manager believes that investment Iy will greatly raise the probability of success with respect to Iy
(z is high) even if the objective probability of success is not much higher (pg — pas is small), it may occur
that a rational manager choosing I, yields higher expected profit than a biased one choosing If. In
other words, a rational manager may lead to higher expected profits than an extremely overconfident one
when there is a relevant discrepancy in the evaluations of the board and the manager as to the effects
of the increase in the investment level. Notice that Corollary 6 is proved for § = 0, that is, without
considering the negative impact of optimism. This leads to the conclusion that, even in the absence
of optimism, the firm benefits from hiring a moderately overconfident manager while it may prefer a
rational manager to an extremely overconfident one.

6.3 The combined effects of optimism and overconfidence

Much of the above analysis also holds in the case of a manager who is both optimistic and overconfident.
In particular, corollaries 2 and 3 are also valid in the case of a given positive value of A (see the proofs
of the corollaries in Appendix 1), indicating that optimism has no effect on the incentive pay while it
increases the renegotiated severance pay and the cutoff value for the replacement decision for any given
level of investment I;, ¢ = M, H. This, in turn, implies that no matter the (given) level of overconfidence,
expected profits are decreasing in 6. Similarly, corollaries 4 and 5 also hold in case of a given positive
value of 6 (see again the proofs of the corollaries in Appendix 1) so that overconfidence continuously
reduces the incentive pay while it raises the cutoff value for dismissal and it also reduces the renegotiated
severance payment for any given investment level I;, ¢ = M, H. Only at A}, where the shift from Iy,
to Iy occurs, overconfidence has an increasing impact on severance pay. This implies that for a given
investment level I;, ¢ = M, H, expected profit is increasing in overconfidence but at Ay; = A}, (where
a further increase in Ay implies a shift from I to Iy) the expected profit has an initial drop.

9By substituting for w(f, Ay; I;) it is immediate to verify that the difference between the renegotiated and the contractual
severance payment, when the latter is at its maximum level, s(6,A;|l;) = s'(0,0;0 # I;) is given by the cost of the
investment I;. Hence the minimum increase in severance payment at A}, is given by the difference Iy — Ins.
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Summarizing, the two managerial biases affect the contract in a very different way: while overcon-
fidence reduces its cost by lowering the incentive pay necessary to satisfy the incentive compatibility
constraints and reducing also the severance pay except at Ay, = A}, optimism always increases the
cost of the contract through its effect on severance pay. Then, if we consider a manager who is both
optimistic and overconfident, the negative impact on profit found in Corollary 6 for an extremely over-
confident manager can be generalized to a moderately overconfident one. Indeed, the negative impact of
a sufficiently large degree of optimism can overcome even the positive effect of moderate overconfidence.

As a result, the firm may be worse off when hiring a biased manager compared to a rational one.2’

7 The role of managerial bargaining power

Anecdotal evidence suggests that CEOs are powerful and hold a strong bargaining position vis-a-vis
the board. Hence, we believe our assumption that the manager can oppose replacement captures many
situations of CEO turnover. Observe that the manager’s bargaining power derives from the possibility
to oppose replacement, i.e. to resist a decision taken against her will. This implies that we are focusing
on forced turnovers rather than voluntary turnovers where, since it is the manager the one who wants to
leave, her bargaining position is much weaker.?! Given that the possibility to oppose replacement and
the resulting payment in case of dismissal is a key feature of our model, we discuss here the robustness
of our findings to alternative bargaining assumptions. Specifically, we extend our analysis to consider
two different settings. First, we illustrate a more flexible setting where the bargaining power allows the
manager to obtain a severance payment that may be either greater or smaller than the one considered
in our model. In this first extension we modify the payment the manager obtains in case of dismissal
by assuming that the manager gets a payment equal to the severance payment determined in the above
model plus or minus either a fixed amount or a fraction of the firm’s gain from replacement. Then, in a
second extension, we analyze the extreme case in which the manager has no bargaining power at all and
the board can fire her at will with no possibility of her opposing such decision.

7.1 Positive bargaining power

Let us discuss how a more flexible assumption on the manager’s bargaining power would change our
results. Suppose the manager has greater bargaining power so that at the renegotiation stage she can
obtain a payment in excess of what she would get by staying with the firm. Consider first the case where,
in case of dismissal, she can obtain a fixed additional payment no matter the level of investment she has
undertaken. Let X < (R — p;w(0, A;; I;)) represent such additional amount resulting from the increase
in the bargaining power. Specifically, when investment I; is undertaken, at the renegotiation stage the
manager can obtain

spp(0, Ai1;) = s'(0, M| L) + X = (pi + 0+ Ay)w(0, Ay I;) + B+ X,

where X is the additional amount in excess to what she believes her expected compensation would be
and the subscript PB denotes a positive level of bargaining power even if different from that of the
previous sections. Note that in such a case, the incentive pay is unaffected by the higher renegotiated

severance pay because the amount X is paid irrespective of the undertaken investment. In particular,

20This result is quite intuitive, a formal proof that there always exist a value 01— pH > 0 > 0 such that V(0 >
0, Anr|In) < V(0,0/Ins) can be provided upon request.

2189pecifically, we are looking at forced turnover "without cause" where “for cause” usually refers to conditions such as
willful misconduct or breach of fiduciary duties.
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it is also paid if no investment is made and consequently the incentive compatibility constraints are not
affected.

In such a case, the cutoff will be higher as the dismissal decision will be more costly because of the
additional new payment. Rewriting condition (4) then yields
w(l,Ai; ;)0 +Aj)) + B+ X X

:AQAiIZ- —_—.
7 q(0, Ay )+R

As expected, the higher bargaining power results in a higher cost for replacing the manager, which in turn

arB(0, Aill;) = pi +

reduces the probability of replacement, thus increasing entrenchment. Observe that if X is sufficiently
large q(0, A;|I;) + % may be equal to 1.

The qualitative results of our model are still valid in this modified setting though the renegotiated
payment is modified. Hence, the optimal renegotiated severance payment is not the one specified in
Lemma 1 but it is spg(0, Ai|L;) = §'(0, A;|1;) + X if investment I; desired by the board is undertaken
and spp(0, Ai|l; # I;) = s'(0, As|I; # I;) + X if the manager does not comply with the contract and
chooses a different investment. Similarly, Proposition 1 needs to be adjusted for the new component
but it is still true that it is optimal to establish the contractual severance pay at any level between
zero and the amount the manager can obtain at the renegotiation stage when she does not invest:
0 < spp(0,A:;1;) < spp(0,A;|I; # I;). Also the analysis of the selection of the investment with the
possible distortion due to extreme overconfidence is unchanged. Finally, note that since X is not related
to optimism and overconfidence the analysis carried over in Section 6 is still valid. In summary, a higher
bargaining power that results in a larger fixed payment in case of dismissal leads to a higher cost for
the firm and a higher entrenchment with no major qualitative changes in the model. Finally, note that
the amount X can also be negative implying a reduction of the bargaining power with respect to the
analysis of the previous sections. This alternative case leads to lower renegotiated severance pay and
lower entrenchment, but same incentive pay. Again our qualitative findings hold also in this case.

Such conclusions, however, partly depend on the specification used to represent the additional gains
that can be obtained from a higher managerial bargaining power, which were assumed to be independent
of the investment level. If we consider a case where the manager obtains a fraction k, with 0 < k < 1,22 of
the gains from replacement in addition to what she could obtain by staying with the firm, the renegotiated

severance payment can be written as
spp(0, AilL) = (pi + 0 + Ad)wpp (0, Ai; I;) + B + k(g — pi) (R — wpp(0, As; 1)),

where (¢ — p;)(R — wpp(0, A;; I;) represents the gains from replacement. As expected, an increases in
the severance payment leads to an increase in entrenchment as it is

wpp(0, Ai; ;) (0 + Ay) + B
RO —F) :

gpB(0, Ai|1;) = pi +

More interestingly, we also have an increase in the incentive bonus as wpg(0, A;; ;) > w(8,As; ;).
This is due to the fact that, as the fraction of the gains from replacement that can be appropriated by
the manager increases, the latter needs more powerful incentives in order to choose a positive level of
investment. In other words, contrary to what happens in our main analysis, now the manager gains more
from being replaced when I = 0 than in case of a positive level of I;. As a consequence a higher bonus
is needed to have the manager invest.

7.2 No Bargaining power

22 As in the previous case we could also consider a negative value of k. This would reverse the results.
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Let us now consider the main findings in a framework where the manager has no bargaining power at
all. We discuss the differences with the case analyzed in Sections 4-5 and we relegate all formal results
to Appendix 2 where a complete analysis of the optimization problem determines the optimal values
for the incentive pay wnp (0, A;; I;), the severance pay syp(0, A;; I;), and the cutoff gnp(0, A;|L;). The
subscript N B indicates no bargaining power. In section 3 we have already seen that there is no point in
paying a severance pay in excess of the contractual one if the manager has no bargaining power. We now
want to show that this is a general result that follows from the fact that the contractual severance pay
is established simultaneously with the incentive pay before the investment decision so that it cannot be
contingent on the investment level. Clearly, if the manager has no bargaining power and cannot oppose
replacement, no renegotiation will occur and only contractual severance pay, if any, will be paid in case
of replacement. Thus, we can restrict our attention to the optimal contractual amount. To simplify the
analysis we here assume that the manager’s private benefit is zero: B = 0.

As discussed in section 4, the board wants to hire the new manager whenever the latter yields higher
expected profit than retaining the incumbent

qR — 5 > pi(R —wnp(0, A 1;))
which results in a cutoff value equal to

~ piwng(0,A: 1) — snp(0, Ais I;)
R
This expression is the equivalent of (3) where the cutoff is negatively related to the incentive pay and

anB(0, Ail1;) = ps (14)

positively related to the severance pay, with the difference that here we have contractual severance pay
s rather than the renegotiated one s’. A further difference is that the level of s’ in expression (3) was
exogenously determined by the manager bargaining power so that we could substitute such value to
obtain equation (4). In that case, the assumption that the manager could credibly reject any payment
smaller than what she would get if confirmed, resulted in a cutoff based on the minimum payment
acceptable by the incumbent expressed in terms of the incentive pay. Conversely, here, the optimal value
of s has to be determined together with the other components of the contract.
Let us consider the firm’s profit when I; is the desired level of investment

anB(0,A:]1;) 1
Vi = / p(R — wy (0, A 1)) f(a)dg + / (4R — sxp(6, A; 1)) fg)dg.
0 anB(0,A:]1;)

This is the objective function to be maximized subject to participation and incentive compatibility
constraints analogous to (PC), (ICC 1) and (ICC 2), where we have contractual severance pay in the
place of the renegotiated one. As in the baseline model, the participation constraint is not binding
and the optimal value of the incentive pay wyp(6,As; I;) will be determined by the binding incentive
compatibility constraint ICC1. This implies that the optimal value of the bonus will depend on the level
of the severance pay since, as argued above, now we cannot substitute for s.

In order to show that the optimal severance pay is equal to zero, consider that the severance pay has
both a direct (negative) effect on profit and an indirect effect through the cutoff value and through the
incentive pay (derived from ICC1). Thus, the overall effect of the severance pay on firm’s profit is given
by
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dVnp OVna VN ownp(0,Ai; I;)

dSNB - 6sNB(0,Ai;Ii) * 8wNB(9,Ai;Ii) 8SNB(9,A1;L') + (15)
<0 <0 ?
OVnp (&?NB(@,AHL‘) Ownp(0, Ai; 1;) L 3QANB(9,A1'|I¢)>
GZ]\NB(Q,Aiui) awNB GsNB(O,Ai;Ii) aSNB '

=0

The first term on the right hand side of (15) and the first component of the second term measure the

direct impact on profit of severance and incentive pay, respectively. These are negative because both

) wy B (6,A:;1;) .
» dwnp(0,A41;)° is multiplied by 8311\;V1f(0A T, which

measures the (indirect) effect of the severance pay on the incentive pay. The third term, represents the

payments represent a cost for the firm. However

indirect effect of contractual severance pay on the cutoff value and is equal to zero because the optimal

cutoff automatically adjust to offset any change in the level of syp.2

When the total effect d‘sixB is negative, the optimal contract will offer zero severance pay, while in
the opposite case a positive severance will be included in the contract. Looking at expression (15) it is
immediate to see that a non negative sign of % is a sufficient condition for an overall negative
sign of the expected profit, Wélg—l) < 0. In the example in section 3, we saw that, in the absence
of renegotiation, the contractual severance pay had a positive effect on wyp(0,A;; ;) because it was
more difficult to induce the manager to choose the desired level of investment when the contractual
severance pay was higher. This result, derived in a simplified framework with an exogenous cutoff value
for dismissal, is confirmed in the more general setting. In Appendix 2 we prove that % >0
for any level of sy g > 0, provided a mild condition on the parameters is satisfied.?? When we consider a
rational manager we always have % > 0. We can then conclude that the optimal contractual
severance pay syp is equal to zero.

As in the baseline model, the question whether investment [, is incentive compatible arises. Also
in the absence of managerial bargaining power, high overconfidence may lead to overinvestment. In
Appendix 2 a condition analogous to (11) is derived so that for values of A s higher than the threshold
derived from such condition, the manager chooses investment I . Despite the apparent similarity, there
is however a crucial difference with respect to the case analyzed in Section 5. Here, with no renegotiation
and no severance pay, it is the manager who eventually bears the cost of the investment. Then, the
manager’s benefit from choosing investment Iy is reduced by its high cost, even if it is not cancelled.
This is in contrast with the case with bargaining power where the manager is able to transfer the in-
vestment cost to the firm. Observe that now the firm benefits from the choice of Iy because it enjoys a
higher probability of success for free. In fact, with no managerial bargaining power, the expected profit is
continuously decreasing in overconfidence contrary to what happens in the model with bargaining power.
Here, the switch from investment Ip; to investment Iy does not lead to any increase in the severance
payment, contrary to what happens in the model with bargaining power. This has an important implica-
tion because it implies that different degrees of overconfidence may be optimal for the firm according to
whether the manager has bargaining power: moderate overconfidence is optimal when the manager has
bargaining power while extreme overconfidence may be optimal when the board can fire the manager at
will.

Interestingly, in the absence of managerial bargaining power, the optimal incentive pay is decreasing

23This term was absent in our discussion in section 3 because there we assumed an exogenously given cutoff.
24The condition is slightly more restrictive that the one that allows to determine the value for the bonus. Note that, in
any case dunp(0.84i1:) > 0 is just a sufficient condition for the optimal s to be equal to zero. The overall effect is negative

? 0sNB(0,A451;)
OVNp VN g wnp(0,A;1;)

o OwnB(0,A4315)
even when it is < 0 but small in absolute value, AT FonpOALT) Osnp0.8::T1) |-

Osnp(0,A51;)
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in both optimism and overconfidence: MNBDM < 0 and %X}’WA—“IQ < 0. Thus, the effect of
overconfidence is in line with the result in section 5: increasing the subjective beliefs of success makes it
easier to satisfy the incentive compatibility constraint. The negative impact of optimism, instead, is in
contrast with the findings in the model with managerial bargaining power. The difference is due to the
fact that, in the baseline model, optimism increases managerial beliefs by the same amount irrespective
of the level of the investment, so that it does not play any role in the incentive constraints. Conversely,
in the present case, optimism increases what the manager expects to receive when investing more than
what she expects to receive with no investment (due to the effect on the cutoff values for dismissal)
relaxing the incentive compatibility constraint.

The negative relationships between incentive pay and managerial biases imply that the optimal in-
centive pay for the optimist and overconfident manager is lower than the one for the rational manager:
wyp(0,A; ;) < wyp(0,0;1;). This finding is consistent with the results of the principal/agent litera-
ture when the agent is optimistic and /or overconfident confirming that, in the absence of managerial
bargaining power, there are no negative effects from hiring an optimistic and/or overconfident manager.

8 Conclusion

The paper examines the interplay between managerial biases and remuneration when the board can
fire the manager if a better replacement appears after the manager has undertaken a firm-specific and
unverifiable investment. The board offers a contract that comprises incentive pay and severance pay.
Severance pay helps motivating the manager to invest despite the anticipated possibility of being replaced.
We assume that the manager has bargaining power so that she can oppose replacement. It turns out that
the best way to motivate the manager is to offer a low contractual severance pay and to renegotiate the
payment ex post in case replacement becomes profitable. The manager anticipates that, by renegotiating
the contractual severance agreements, she will be able to recover the cost of the investment. This provides
the incentive to invest, despite the risk 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 actually undertaken.

We show that the degree and the kind of managerial bias matter. Indeed, optimism and overconfidence
have different effects on the components of the compensation package. Optimism does not affect incentive
pay but raises severance pay (contractual and renegotiated), consequently the expected profit is lower
than the one obtained when the manager is unbiased. Overconfidence, instead, decreases incentive pay
with a positive effect on profits, while its impact on severance pay depends on the degree of the bias.
A moderate level of overconfidence reduces severance pay with no distortion in the investment, but a
sufficiently high level of overconfidence induces the manager to choose an inefficiently high investment,
which in turn results in a very high renegotiated severance pay, lowering expected profits. Hence, there is
a discontinuity with a drop in expected profits at the level of overconfidence that induces the switch from
the efficient to the inefficient investment. In summary, the firm benefits from moderate overconfidence
while extreme overconfidence and optimism are detrimental.

Overall, our model indicates that when the manager has bargaining power there may be a trade-
off between the lower cost of the incentive compensation and the higher cost of the severance payment.
Hence, it is important to consider severance agreements when studying the effect of managerial optimism
and overconfidence because their beneficial impact may be overstated otherwise. We consider alternative
assumptions on the manager’s bargaining power and we show that our qualitative results hold as long as
the manager can obtain some positive payment in order to accept replacement. When instead the board
can fire the manager at will the optimal severance pay is zero.
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Our findings explain the high payments observed in several turnover events as the result of optimal
contract provisions in the presence of managerial biases coupled with some bargaining power originated
by the possibility to oppose replacement. We show that some bargaining power is necessary to explain
the severance agreements. However, such payments should not be considered a "reward for failure"
explained only by the control of a powerful CEOs over weak board. Indeed, they facilitate unverifiable
and risky investment by the manager and therefore they may be efficient. Our model suggests that it
is optimal to have a minimum of contractual severance pay and then renegotiate this amount when the
firm has more information consistently with the empirical evidence provided by Goldman and Huang
(2015).
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10 Appendix 1.

Proof of Proposition 1

For any given level of investment, the board maximizes its profit by keeping both incentive and
severance pay as low as possible, considering the incentive compatibility constraints (recall that the par-
ticipation constraint is never binding). We then want to prove that raising contractual s(6, A;|I;) above
(pr +0)w(0,A;;1;) + B = §'(0,0]|0 # I;) makes the ICCs more binding, thus raising both w(6, A;; I;)
and the severance pay (either contractual or renegotiated) that is paid in case of replacement.

Consider that, if contractual severance pay is not higher than s'(6,0|0) = (pr+6-+)w(8, A;; I;)+ B, the
contract will be renegotiated in case the manager is dismissed after undertaking I;. Then the severance
pay becomes s'(0, A;|I;) = (pi + 0 + A)w(0,A;; I;) + B by Lemma 1, and this is anticipated at the
contracting stage so that ICC1 takes the form

q(0,5:]1;)

1
[(pi +9+Az)w(9,Az,Iz) +B]f(q)dq+ / 8/(9,Ai|]’i)]f(q)dq?]'i =
A

[(pi + 0+ A)w(0,Ai; ;) + Bl = I; >
(L + Ow(0, Ais I;) + Bl =
q(0,]0#£1;) 1
(o + 0400, A1) + Bl @da+ [ <(6.00) 1)
0 q(0,010#£1;)
First of all note that, setting contractual s(0, A;; I;) below s'(6,0]0) does not help relaxing the ICCs
because it results in the same renegotiated severance pay equal either to s'(6, A;|I;) if the manager

complies with the contract or to s'(6,0/0) if she does not comply.
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Consider then a level of contractual severance pay s = s'(6,0]|0) + ¢ such that s'(0,0/0) < s <
s'(6, Ay|;) and define 7(0, A;|1;) = p;+ =GR > (g, A1) = p;+ LERIUEAEL) and 50, Arc| I, #
L) = py, + 2O RL) Ly — N H, k= LM, H.

Note that in case the manager is dismissed after choosing I;, i = M, H, the contract will be renegoti-
ated and the severance pay will still be set at s/(0, A;|I;) = (pi+0+2A;)w(0, A;; I;)+ B resulting in a cutoff
value of q(0, Ai|I;) = pi + MIW. On the other hand if she were to be dismissed after choosing
I1, = 0, she would be paid s = s'(6,0|0) +¢ resulting in a cutoff equal to ;]/\\(9, 00£IL)=pr+ ﬂeﬁg—&lﬁl.
Substituting these values in ICC1, the latter becomes

?]\(Q,Ai‘li) 1
[(ps + 0+ Aw(0, A 1) + B (q)dq + / S0, A1) f(g)dq — T, = (16)
0 q(0,A:11;)

[(pi + 6+ A)w(0, A L)+ B] — I; >
1

[(pL +0)w(0,A;; I;) + B] + / tf(q)dg =

7(0,010#1)
q(0,0]0#1;) 1
[ (0w ssL) < Blf@da+ [ s(6.85 1)) f@)dn
0 3(0,0(01;)

which is clearly more stringent than (16).

Consider finally a level of s = s'(6, A;|I;) +t. Note that, in case the manager is dismissed, she will
now be paid s independently of the level of investment she has undertaken. This results in a cutoff
value equal to 5(9, Nl L) =pi + MIM if she chooses I; and in a cutoff equal to 5(9, 010 #£ 1) =
pr + w}g’ﬁlﬁl if she were to choose I, = 0. Substituting these values in ICC1, the latter becomes

q(0,A:1;) 1
/ (s + 0 + A)w(8, As: 1) + Bl (q)dq + / sf(q)dg — I =
0 700,A4|1))

1
[(pi + 0+ Ay)w(0, A; I;) + B] + / tf(q)dg —I; >

NN
1

[(pr + 0)w(0, Ais I;) + B] + / [(pi + Ai = pr)w(0, Ai; ;) + ] f(q)dg =

7(0,0/0#1)

Q)
=2
=)
S
S
&=~

i 1
(o1 + O)w(0, Ass 1) + Bl f(q)da + / s£(q)dq

3(0,0102L;)

o —

which, considering that it is 5(9, NG| > 5(9, 0|0 # I;), can also be written as

[(pi + 0+ A)w(0,Ai; ;) + B — I; >

1 200,0:15)
[(pr + O)w(0,Ai; I;) + B] + / [(pi + Ai — pr)w(0, As; 1;)] f(g)dq + / tf(q)dq
3(0,0[01,) 3(0,01041,)

thus making it clear that such expression is more stringent than (16).
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Let us then discuss ICC2. Consider first the case where the board offers a contract aimed at incen-
tivizing Ips. ICC2 is

q(0,An | Inr) 1
(par + 0+ AJw(®, Avg; Ing) + B ()dg + / sH(@)dg — Ing >
0 q(0,An | Iny)
90,80 In#In) 1
[(prr + 0+ Ap)w(0, Avs; Ing) + Bl (q)dg + / s£(q)dg
0 q0,A0|In#In)

Now the three relevant cases are the following.

i) if s < §'(0, Anr|Inr) = (par + 0+ App)w(6, Aps; Ing) + B] : renegotiation occurs both if the manager
chooses I; and if she chooses Iy so that contractual severance pay does not affect the constraint

ii) if (pH+9+AH)w(9, A IM) +B>s= S/(e, AM|IM) +t= (pM+9+AM)w(9, AM;IM) +B+t
so that there occurs renegotiation if Iy is chosen but not if Ip; is chosen then ICC2 takes the form

7(0,Ans | Tnr) 1
(par + 6+ An)w(®, Ans; Tar) + B f(a)dg + / sf(q)dq — Tnr =
0 é(e,AMHM)

1
[(par +0+ Ano)w(®, Aags Ing) + B] — Lns + / tf(g)dg
@(0,A0|1ar)
> [(pr + 0+ Am)w(0, A In) + B] — In =
a0, Am Tn#Tu) 1
/ [(prr + 0 + Ag)w(0, Anr; Inr) + Bl f(q)dg + / s'(0, Al # In) f(q)dg — I
0 30,8 |Iu#1nr)
and is then relaxed by a positive value of t.
iii) if s = §"(0, Ag|lg # In) +t = (pg + 0 + Ag)w(0, Apr; Ing) + B+t there is no renegotiation.
ICC2 is equal to

1
[(par + 0 + App)w(0, Apg; Ing) + B — Iy + / (P + A — par — App)w(0, Apg; Ing) + B+ t']f(q)dg
?i(e)AZWlIIW)
1
> [(pa + 0+ A)w(®, Ang: Tnr) + B] + / Y F(q)dg— I, ij = M.H, j#i.

20, Au|Ia#In)

and is again relaxed by a positive value of ¢’ as ;’]\\(9, AplIy) < ;]/\\(9, Ayl # In).

The fact that the ICC2 constraints are less stringent in cases 2 and 3 raises the question whether
the increase in contractual severance pay could be beneficial for the firm. We can however verify than
the negative effect on ICC1 dominates the positive effect on ICC2. Consider case 2 with (pg + 0 +
Ag)w(l, Ap; Ing) + B > s =80, Ap|In) +t = (par + 0 + App)w(0, Ang; Ing) + B+ t. From ICC1 we
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obtain that w(#, Aps; Ins) must satisfy
G080 |Tar)
nt [t

3(0,010£1 )
(0,001 ,)

(pvr +An —pr) f(q)dq

while from ICC2 we have
1
Iy —In + / tf(q)dq
Q00,0 1ar)
pa+Ag —pu —Am
So that for both constraints to be simultaneously satisfied it must the case that

= w(0, Ans; Ing).

1 5(97AM|IM)

Li-tu+ [t nev [t
G0, A0 | In) S (0,001 ar)
P+ A —pu —An (0,001 1s)
(pv +Anr —pr) f(q)dq

0
Note that in the case where s < s'(#,0]|0) and the board renegotiates whenever it wants to dismiss the
manager, the relevant inequality that can be derived from the corresponding forms of ICC1 and ICC2
(the details are also found in Section 5.3 in the text) is
Iy — Iy > Iy
pa+An —pv —Am — (pm+Am —prL)

which is less stringent than the inequality above implying that, by choosing s < s'(6,0|0) the board can
maximize over a larger set of values for w.

For case iii) where s = s'(0, Ag|lg # In) +t = (pg + 0 + Ag)w(0, Aps; Ing) + B+t we have that
it is not possible to satisfy ICC1 unless the denominator of the following inequality is positive (which
depends on the values of the parameters). Clearly if IIC1 is not satisfied such level of s is not feasible.
If the parameters are such that ICC1 can be satisfied, w(6, Aps; Ins) must now simultaneously satisfy

7(0,A01|1ar)
nt [t

(6,010#1n1)
7(0,00#1ar) 7(0,A01|1ar)

(pv +Anr —pr) f(@)dqg — (pg + Ap —pyp — App) f(q)dq

0 (0,001 ,)

and R
q0,Au|Tua#IM)

J / ¥ f(q)dg

200,20 |1nr)
(0,0 |Inr)

(pE + A —pyv — Anr) f(q)dq
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and we can apply the same line of reasoning as above in order to show that, by choosing s < s'(6,0/0)
the board can maximize over a larger set of values for w.

Consider then ICC2 for the case where the board offers a contract aimed at incentivizing I .

i)if s < "0, Am|Ine # Ig) = (pmr + 0 + Apr)w(0, A Iy) + B : renegotiation occurs both is the
manager chooses Iy and if she were to choose I; so that the value of contractual s is irrelevant.

i) if (pg+0+Ag)w0, Ag; Ig)+B > s =350, Ay|In # Tn)+x = (pr+0+Ax)w(0, Ag; [g)+B+x
we observe renegotiation if Iy is chosen but not if Is is chosen. ICC2 can then be written as

((pr + 0+ Ag)w(d, Ap; 1) + B — Ig >
1

(par + 0+ Anr)w(0, A Tnr) + B] + / 2f(Q)dq— Ity i = M,H, j#i.

0,A0m | T #1r)

which becomes more stringent with a positive x.
ii) if s = (py + 0 + Ag)w(0, Am; Iy) + B + 2/, ICC2 is given by

1
[(prr + 0+ Ap)w(0, Ap; 1) + B] + / o' f(q)dg — Ig >

7(0,Au|1x)
1

[(Par + 0+ Apr)w(0, Ag; Tg) + B — Iy + / ((pr +Ar —py — An)w(9, Ap; In) + B+ 2’| f(q)dg

?i(e)AZWlIIW?éIH)

which is again made more stringent the larger is 2’ as 5(9, Al # Iu) < 5(9, Apll).

Proof of Proposition 2

The part of the proposition concerning extreme overconfidence is proved in the text. In order to prove
the part on moderate overconfidence, recall that in this case both I); and Iy can be made incentive
compatible. Incentive compatibility of Ip; has been discussed in the text where we have shown that

it implies offering w(0, Aps; Inr) 3 Consider now the incentive compatibility constraints

_ Iy
(pmM+Am—pL

for Iy and note that the condition for moderate overconfidence (7) can be written as @H—Jriﬁm <

(pH+A[S:z{ﬁ—Am) implying that, in case the board wants to implement Iy, (10) is binding, and the

lowest value of incentive pay is

) B Iy — Iy
it A L) = (pa+ A5 —DPMv — AMr)

Observe that, given moderate overconfidence, that is given % < %’ it is w0, Ap;Iy) =
Iy —1In >

pa+Au—(prm+An) (pM+£‘L_pL) = w(f, Apr; Ipr). This also implies that q(0, Ap|In) = par + % +
%Mw(& An;sIny) < pHJr% +%&w(9, Ag;Ig) =q(0, Ag|Iy). We must prove that these two effects

make Iy generally unprofitable for the firm that will consequently offer the manager w(6, As; Ipr) to

induce Ips. In other words we must prove that the expected profit of the firm is higher under a contract
based on w(H,AM;IMI) :[ @Tﬁ-i&z@——m) (to induce the choice of I)s) than under a contract based on
w(0, Ap; In) = 5o 5w, (to induce the choice of Ir).

Taking into account that renegotiation occurs when the manager is replaced (Proposition 1) and that

(0,0 ;) = (pi + 0+ Ajw(0, Ai; I;) + B, the expected profit of the firm V(0, A;|;) i = M, H, can be
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written as
q(0,A:1;) 1
V(0,A|L) = / [pi(R —w(0,A; 1)) f(q)dq + / qR—(pi + 0+ A))w(0,A; I;) — B) f(q)dg.
0 q(0,A:1;)

The difference between the expected profit that can be obtained by offering w(0, Ag; Iy) = Y Af{ H:(; M )
I

and w(0, Apr; Ing) = TTAL =5 can be written as

V0, Aullg) = V(0, Anl|In) = (17)
q(0,Ane|Inr) q(0,Anr|Inr)
(pr—pm) (R —w(0, Anr; Ine)) f(q)dg — / pr(w(0, Ap; In) — w(b, Ans Inr)) f(g)dg+

qA(9xAHUH)
+ / {pH(R—(w(G,AM,IM))f[qR—(pM+AM+9)w(9,AM,IM)fB]}f(q)dq+

q(0,An 1)

a(G’AHUH)
- / pr(w(0, Agr; I) — w(0, Az Tnr)) f(q)dg-+

q(0,Anr|Iar)
1

- / (prr + Dt — s — A )w(®, Aags Ing) f(q)dg+

Zi(evAHUH>
1

- / (pir + Dz + O)w(6, Apr, Trr) — w(6, Ans: Ing)] f(g)dg

ZI\(GAHUH)

which, by summing and subtracting py/R in the first integral of the second line becomes

V0, Ap|lg) —V(0, An|In) =

q(0,An | Inr) q(0,An 1)
(pu-pa0) (R = w0, Aas ) @da = [ pu(w(®, Aus In) = (O, Aass Lar) fla)d+
0 0
Zi(evAHUH> Zi(evAHUH>
w [ n-pRf@da- [ a6, Auin) ~ w(® A ) (@it
q(0,An|Inr) q(0,An|Inr)
Zl\(evAHUH>
- / {paw(0, Anr; Ing) — pm R — [qR — (o + Anr + 0) w(0, Ang; Ing) — B} f(q)dg+
q(0,An | Inr)
1 1
- / (pr + Ar —py — Anr)w(0, Anrs Inr) f(q)dg — / (P + Apm + O)[w(0, Ap, In) —w(0, A Inr)] f(q)dg
a(G’AHUH) E(Q’AH‘IH>

Summing pas (w0, Ag; Ig)—w(0, Apr; Iar)) to the second and fourth integral and summing the integrals
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in the first two lines we can write

Qo.a5115p)

V0, AtlTir) = V0, Anr|Tar) < / (prr—par) (R — w(6, Ayrs Ing)) @)+

a(evAH\IH)

- / (prr — par) (w0, Agts Tr) — w(0, g Tng)) fq)da+

Zl\(evAHUH>

- / {prw(0, Anr; Ing) — pm R+ [qR — (par + Aar + 0) w(0, Anr; Ing) — Bl} f(q)dg+
q(0,Anr [ Iar)
1

- / (pr + Dt — par — A )w(®, Aags Ing) £ (q)dg+

ICHNTIIeT

1
- / (0 + st + O)[w(8, Aty Trt) — w(8, g Inn )] F(a)da
ZI\(GAHUH)

Considering also that Iy — Ips > (pg—par) R we have

Zi(evAHUH>

V0, Ap|Ty) =V (0, Ay|In) < / Uu —Inv — (pr—pam) w(0, Ap; Iu)) f(q)dg+

a(evAHUH>

- / {prw(0, Apr; Ing) — P R+ [qR — (par + Anr + 0) w(0, Ans; Ing) — B} f(q)dg+
q(0,Anr [ Inr)
1

- / (pr + Dt — s — Anp)w(0, Aags Ing) f(g)dg+

qQ0,8511g)

- / (pir + Dt + O)w(6, Apgs ) — w(6, Ans: Ing )] F(g)dq

Qo.ap11m)

Substituting Iy — Ins = [pg + A — (par + Anr)] w(6, Ag; Ir), and recalling that Ay — Ay = zA,
the above inequality becomes
a(G’AHUH)

V0, Al Tar) — V(0 Au|Tr) < / 2 Angw(8, AlTe) f(9)da

(NI

- / (w0, Aurs Ing) — par R+ [aR — (s + Aot + 0)w(0, Aags Tnr) — B} (a)da+
q(0,An | Inr)
1

- / (01 + Asr — par — An)w(®, Aags Tnr) f(@)da+

Zi(evAHUH>
1

- / (o + At +0)[w(0, Ay, Ii) — w(B, Aar: Tnp)| f(a)dg

dQ6.a511)
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Considering that zA; is very small and all the other terms are negative, V(8, Ag|Iy) — V (0, An|Inr)
will generally be negative. Recall that we are here considering the case of moderate overconfidence, that
is values of Ay < A},

Proof of Corollary 2

The following proof shows that the corollary holds for any value of A; > 0,including A; = 0.

Part i) immediately follows from the expression for w(f, A;; ;) which does not depend on 6 so
that % = 0; for part ii) it is immediate that W = (pi + Ay w(0,A;; I;) > 0; finally,
part iii) can be verified by substituting w(6, A;; I;) = (m—+A[;:—T) in (4) thus obtaining g(0, A;|;) =
pi + I—E;Z + R%p% which is clearly increasing in 0, i.e. @%&2 > 0.

Proof of Corollary 3

As for the previous corollary the proof considers any possible value of A; > 0 including A; = 0. The
overall impact of optimism on expected profit, resulting from the combined effects on expected incentive
pay, retention policy and expected severance pay is given by

do — ow(B, Ay 1) 00 0s' (6, A\ I;) 00 0q(0, A |1;) 00

where the first term on RHS is zero (incentive pay is not affected by ) as well as the last term because ¢
is optimally determined by balancing what is gained from replacement and the payment necessary to have
the incumbent leave. It is in fact % =[(q(0, Ai|L;) — pi) R — (0 + A)w(8, A1) + B)] f(q(0, A |1)).

=0
Then, the total effect on firm profit is negative because we are left with only the effect of severance pay

1
which s indeed negative: as,(eaxi,[i) as/(eéﬁilli) = / w(0, A|1;) f(q)dg < 0.

q0,A:1;)

Proof of Corollary 4
We provide the proof for values of 8 < p; — pr, including § = 0. That the incentive pay is contin-
I ) _
I i . I (Par+An—pi) and w(f, Apr; Ir) =
(pH+AAla+Z)_pL)’ considering that at A}, it is (ZUZW'FAN}{W—I?L) - (pH+A}‘V,(F{+Z)—pL)'
That s'(0, A;|I;) is decreasing in overconfidence for a given level of investment I; with i« = M, H

uously decreasing in Ay, immediately follows from w(0, Aps; Ing) =

follows from

85'(9,AM|I]\{) _ Iy (pL +9)
0ANn B ((pM-i-AM—pL)) <(PM+AM—;DL)> <0
0s'(0,Aullw) ( (1+2)In > ( (pr +0) > <0
0A N (pr+Arp (1+2)—pL) (pa+Am (14 2) —pr) '

To verify that s'(6, A;|I;) is increasing in overconfidence at A%, where the shift from Ips to Iy occurs,
note that at A%, it is w(0, Ap|Iy) = w(0, Ap|lg) = w implying s'(0, An|In) = (par + 0+ A%p)w <
(pr +0+ A1+ 2)w =50, Au|ln).

To evaluate the effect of overconfidence on the cutoff value for dismissal, substitute w(f,A;|I;) =
m in (4) thus obtaining g(0, A;|;) = p; + 2 + %. For a given level of investment I;,
q(0, A;|1;) is increasing in the overconfidence parameter Ay, as

9q(0, A1) _ LR (p; + A —pr) — LR(O+ A) _ Li(pi —pr —9) 50 i M.H
A m (R (pi + Ai — pr)]? R(pi+A; —pr)? ’ 7
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which is satisfied for p; — pr, > 0.
To evaluate what happens at A}, where the shift from Ij; to Iy occurs, note that at Aj, it is
0+A% 0+A

w(0, Ai|In) = w8, Aj|Ig) = w implying that g(0, A;|In) = py+2+— 74w < pg+2 +—Mw
R

q(0, A;|Irr). Then the cutoff value is increasing also in this point (even if there is a dlscontlnulty).

Proof of Corollary 5

Note that the proof considers any possible value of 6 > 0 including 6 = 0. In order to prove the corollary
we must show that a) when I; is chosen, profits are increasing in A; and b) when (7) holds as an
equality, profits are generally higher if I, is chosen. Taking into account that renegotiation occurs when
the manager is replaced (Proposition 1) and that s’ (0, A;|I;) = (p; +0+A;)w(8, Ay; I;) + B, the expected
profit of the firm V(0,A;|I;) ¢ = M, H, can be written as

1
V(0,Aill;) = pi(R —w(0, As; 1;)) + / [(q —pi)R— (0 + Ai)w(0, As; 1) — Bl f(q)dg
q(0,A:]1;)

a) For a given ¢ = M, H it is

VOAIL)  dwd,AsL)
an, P oA,
1
ow G,A“L
~ a1+ 0+ 89222 pgyagy
q(0,A:]1;)
0q(0, N\ ;) ., - N
940 A1) g ALY — p) R — (0 + Adw(0, A T) + B)F(@0, Al L)),

0A N

=0

In fact, by substituting q(6, A;|I;) = p; + & + —(MAi)w}g’A“Ii)

square bracket in the last term of the RHS is equal to zero. Substituting
M < 0, we then obtain:

, we can immediately verify that the
ow(0,A51;) I
A, — (pi+Ae—pL)?

(;U1+A pL
oV (0, A1) 0, A; I) / 0+ Apw(B, A I)
(A w isdi + A w oI
9 =p; ) 9 _ Q’A“I _ , ; d
0A,; p (pi+A; —pr) / [w( ) it D —pr) 1f(q)dq
q(0,2:]1;)
1
Tt A —p | / (pi =0 —pr)f(q)dg| >0, i=M,H.

q(0,2:11;)

b) When (7) holds as an equality, the manager is indifferent between I, and Iy but profits are generally
higher in the former case. Define A}, = A} (1 + z). Note that w(0, Ay,; In) = w(0, Afy; Ig) = w while
a0, A% Iv) = pu + 2 = T 0+AMU) <pg+3 + 0+AHw = q(0, A%|Ig). Consider that the difference
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V0, A% |I) — V(0,A%;|In) can be written as

q(0,A% [ Inr)

V(0 Ay |Ir) — V(0. A%y Tng) = / (prr—par) (R — w) f(g)da
0
"Z\(evA;I‘IH) 1

+ / pi (R —w) f(q)dq — / (b + A3 — par — Al f(g)dg
q(0,A%, 1) q(0,A% 1 1m)
q(0,A% 1)
- / (4R — (o1 + Aot + 6)w — B] f(q)dq

q(0,A%,11ar)

Which is equivalent to (17) in the proof of Proposition 2, where we have substituted w(8, A%};; Ia) =
w(f, A; Ier) = w. We can then apply the same line of reasoning to show that

E(Q)A*H‘IH) a(e)A;I‘IH)
Aprwf(q)dq — / {la— (par + Aar +0)w— B] — parR + prrw} f(g)da+

Q0,25 1)
1

- / (pe + A —pyv — Am)wif(q)dg,

Qeo,0%,115)

and, considering that zA s is very small and both the second and the third term are negative, V (6, A3 |1r)—
V (0, A%, |In) will generally be negative..

Proof of Corollary 6

Consider that expected profits for # = 0 can be written as

1
V(0,A|1;) = pi(R —w(0,A; 1;)) + / (¢ —pi) R — Ajw(0,Ag; I;) — B)] f(q)dg.
q(0,A:|1;)

Then, using the assumption of uniform distribution of ¢, the difference between V (0, Ag|ly) and

V(0,0[1,s) is equal to

V(0,Ag|lg) — V(0,0/In) = (pr — i) R — prw(0, Ag; Ir)) + parw(0,0; Iag)+

G0, Agg|Ti)? — G(0,0|Tap)? -
_ 20 Anllm)” = 40,01 1r) — (prR+ Apgw(0,Ap; Ig) + B) (1 - q(0, Ag|lx))+

2
+(pm R+ B) (1 —q(0,0[In)).

After some manipulation we can then write

V(0,Ag|lg) —V(0,0Iy) =

~ 2~ 2

—Agw(0,Ap; Ig)(1 —q0,Au|ln)) + [q(0, Ag|Ix) — q(0,0[Ir)] B
—paw(0,Am;Iy)) + paw(0,0; Ia)
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Recalling that (0, Ag|Iy) = pu —i—AHMO’AR¢"IHl + % and q(0,0|Ip) = pa + %, such expression is equal

to

[Auw(0, A 1)) | (pr)? — (pu)? w(0,Ap; 1)
SR + 5 R — AH*R B
w(0,Ar;Ig)+ B w(0, Apr; Ipr)
R R
+pr(0,0;I]\4) —pr(O,AH;IH).

V(O7AH|IH) - V(07O|IM) = -

—Apw(0,Ag; Ig)(1 — pr — An

)+ (pa —PMm + An )B+

To prove the corollary, consider the difference in profits at A}, +¢ for ¢ — 0. Recall that we have defined
A% = A% (1 + 2) and that w(0, A%y Iy) = w(0, A%y Iy) = m while w(0,0; Inr) = 14—
Then, if we consider the case where B — 0, it is

[A5w(0, Ay In))

2R
2 2 * * « W 07A* 7I
ol Z @il A0, Mgy 1) (1~ i — a3 20 B )
n JYEANYEIY: __(pm —pu)Im
(par + A% — o) (o —pL) (v + A% — L)
A* A* T 2 _ 2
A w(0, A% T .
+ MM (0,25 In) _ (pe — Pa)w(0, As I ).
(pv — L)
which can also be written as
V(0, A% |Ig) — V(0,0In) =
w(0, A% T — —1+4+pg +
b0, 8 ) | s <1y + 2D
A* AT 2 _ 2
300 Ajgi ) |1 = py - G| Lol 2l gy

This expression can be negative for py — pps small, possibly pg — pyr — 0, if

pL AL w(0,AY: )
> (pv—pL) T pu+ 2R

A% w(0,A% 1)
1 —py — S

11 Appendix 2: The case with no managerial bargaining power

We here derive the results discussed in subsection 7.2 for the case where the manager has no bargaining
power. Assume for simplicity that B = 0 and consider investment Ij;. Then incentive compatibility
constraint ICC 1 becomes:

anB(0,A0|Inr) 1
(v + Anr + 0)wnp(0, Anrs Inr) f(@)dg + / snp(0, A In) f(q)dg — Ing >
0 anB(0,An|Inr)
anB(0,0]0#1) 1
prwnB(0, A In) f(q)dg + / snp(0, A 1) f(q)dg
0 gnB(0,0[0#1Inr)
where
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aNB(ea AM|IM) = par— (prNB(eyAMJMI%)—SNB(aAM;IM)) and a\NB(97 0|0 7 IM) = pL— (prNB(07AM§IMI%—SNB(07AIW§IIW))‘

Using the assumption of uniform distribution we can write this constraint as:

wn (0, Anri Ing)[GnB(0, Anr|Ing)z—qn (6, 0|1 # Inr)yl—s(ane(0, Ar|Ine)—qn (0,011 # In))—Iar > 0
(18)

where x = (pps + 0 + Apy) and y = (pr, + 6). Substituting the expression for gnp(0, An|Iy) and
qnB(0,0]0 # Ip) we obtain

— [wnB (0, Aar; Ing))? <w> +
0, Ay I
wnB(0, A In) |(xpy — ypr) + wp(zm —pL) + AM]] —snB(0, Ans In)(pavr —pr) — Iy > 0.

Suppose that ICC2 is satisfied. Then the incentive bonus is represented by the minimum value that

satisfies the condition

R sy, Anrs Ia)[2(par — pr) + A R
0, An; Iyg) = =+ - * 19
wns (0, Ans; Iar) 2 2(zpar — ypr) 2(zpy — ypr) =
0, Anr; Tnd)[2(par — po) + A \? A(apar — :
{((xpM —ypr) + snB( M M)[R(pM j29) M]> . (ScpMR ypL) [SNB(9,AM;IM)(Z?M —p1) JrIM]}

It is immediate to verify that the value of the discriminant is increasing in s. Consequently the condition
T - R 2 —p2+0 - A
for the discriminant to be positive, for any value of syp(0, Apr; Ins) > 0,is R (ps —pi+ (pM4 pL)tpa A ) >

Iy,
The derivative of the incentive pay with respect to syp is

Own(0,Av; In)  2(pyv —pr) + Aum

Osnp(0, An;Iv) — 2(zpam — ypL)
. — 2 x J— 7%
—% { <($pM —ypr) + SNB(Q’AM’IM)[%])M pr) ¥ AM]) _A P WL (o (ppy — 1) + IM]}
snB(0; Anr; Ing)[2(par — pr) + An)?
( R(zpym — ypr) " AM]) '

Evaluated at s = 0, the above expression becomes

_1
Qwnp(0,AniInr) | 2(pm —pr) + Ay ((xpM —ypr)? — Azpym — pr)IM> > ( Ay )
Isnp(0,An; In) |- 2(xpm — ypr) R 2(zpm — ypL)
Then, %{% > 0 if and only if
A2 41
(zpm —ypr)(1 — M M (20)

2v —p1) L AP R

which is satisfied for I, sufficiently small with respect to R. Such condition is slightly more restrictive
than the condition for the discriminant to be positive. Notice however that the LHS of (20) is increasing
in Ay, implying that the higher is overconfidence, the easier it is to satisfy it. It is in fact

3{(pr —ypr)[l — ]}
[2(pnm —pr)+AM]? . (par —pr) (2P + Anr)
>0 iff O<py+
8AM AM
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As to the effects of optimism and overconfidence on incentive pay, they can be immediately derived from
(19). Having established that it is optimal not to pay any severance pay, we evaluate these effects at
SNB(Q, AM; IM) =0

Ownp(0, Anr; Ing)

90 sNB(0,Apnr3In)=0
R(pn —pr) { > Aapn —ypr)Tu }
——= = (vpy — — +
4(zprr — ypr)? (#par = ypr) R
R2(payr — pr)(wpy — ypr) + 2(pa — pr)(An — 41u)/R) o Aapy —ypL)Iu | 2
_ (xpar —ypr)” —
4(zpamr — ypr) R

which is negative as

ownp(0, Anr; Ing)
00

) 41 2A
= sign — [(xpp — ypL) — TM + TM] < 0.

sign

SNB(G,AAUIA{):O

ownp(0, Anr; Ing)
OA N

1
2Rpm 4xprr —ypr)In } 2 n

= T (epm — pr)2 —
sNB(0,Anr;In)=0 4(xpM - pr)2 { R
_ Rpum[2(zpar — ypr) — 41/ R]
4(xpp — ypr)

_1
4(xprr — ypr) v } 2

{(xpM - pr)2 - R

which is negative as

_ Ownp(0, An; In) o d(zpy — ypr)Im
sign = sign —

<0.
aAM SNB(H,AAUIA{):O R

We can then conclude that wyp(0, Apr; Ins) is decreasing in both 6 and Ay implying that wyp (0, A In) <
wnp(0,0; Inr). In other words, also when the manager has no bargaining power, incentive pay for a biased
manager is lower than for a rational one. The difference is that here also optimism reduces incentive pay.

Finally, consider the issue of whether the above solution with investment I, is incentive compatible
with respect to the choice of Iy. Setting syp(6, Ay Ing) = 0, ICC2 can now be written as

anB(0,Anm|Inr)

(par + Anr +0) wns(0, Anss Inr) f(q)dg — Ing >
0
qnB(0,Au|Ta#In)

(pr +Ap +0)wnp(0, Ay Ing) f(q)dg — Iy

or
wnB(0, A In) g (0, AxlIar)x — gne (0, Aulla # Iv)jl > I — In

where j = (pg +60 + Ap).
For the above solution to be incentive compatible, the following must then hold

Iy — Iy

Lu = wnp(0, Ay Iny) <
anB(0, Al Inr)x — qne (0,01 # In)y NB SN I = o B0, Al )z — qnp (0, A Ia)T

which requires

v _ 2pm —ypr

- . 21
Iy = jpH —ypL (1)
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Thus, the manager chooses Ij; when the above condition is satisfied while she chooses Iy otherwise.
Comparing the RHS of the condition to the RHS of (7), the corresponding condition in the baseline

; it . i) ZPM—yp PMAAM—PL i
model, note that i) now the condition also depends on #; and ii) _jp?j—ypf < pg T AZ‘;_pLL implying that

Iy is not incentive compatible for lower values of the biases if compared to the baseline model.

11.1 The case of a rational manager

Let us now consider the case of a rational manager (6§ = Ay; = 0). Expression (18) for ICC1 takes the

form
wnB(0,0; Iar)[gnB(0,0Ia)par—gn B (0,0[0 # Ins)pr]—snB (0,05 Iar)(gn(0,011a)—gnB(0,0[0 # In))—Iar > 0

Substituting the expression for gy (0,0|Ix) and gy p(0,0]0 # 1) we obtain:

2 9
(0.0 (L )+
sng(0,0; 1)

w™P(0,0; Ing) (03 — 1) + I

2(pm pL)} —snB(0,0;In)(par —pr) — I >0

and the minimum value of the incentive bonus that satisfies this condition is:
R 0,0;1 R 4 0,0; Ins)]? 41
U)NB(O,O,IM) _ SNB( » Yy M) 2N [SJQVB( » Yy Mg] _ ; M ~=
2 (pm +pL) 2 R2(par +pL) R(p5; — p7)
R snp(0,0;In)  [R2 | [snp(0,0:1)°  RIy

2 (pm +pr) 4 (pm +pr)? a pi— 03’

In this case the condition for the discriminant to be positive, for any value of syp(0,0;Iy) > 0, is

2 2
Rﬁw > Ip; which is more restrictive than in the case of a biased manager.? The derivative of
wNB(0,0; I)s) with respect to sy(0,0; Iy) is

owNB(0,0; 1) 1

+
0snp(0,0;1nr)  (pm +prL)
- {1 | Alsnp(0.0: )] ALy }’5 (sNB(o,O;IM))

R2(py +pL)®> RO, —p2) R(pm +pr)?

Evaluated at syp(0,0;Ip) = 0, such derivative becomes

owNB(0,0; 1) _ 1 >0,
s snm(0.0:0)=0  (PM +PL)
Recalling that the positive sign of %—1;’ is a sufficient condition to have a negative impact of severance pay
on firm profit, we can say that the optimal contractual severance pay when the manager is rational is
Zero.
Let us finally check the condition that makes I; incentive compatible with respect to Iy for a rational
manager. Condition (21) now takes the form

v P — 1
Iy = py—»i
which represents a slightly more restrictive condition with respect the one following from Assumption 2:

In < bM—pL
Iy — pu—pL’

25This is also more stringent than Assumption 2 since ﬁ%l <1
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