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Executives with poor prior performance may be inclined to take excessive risk in the hope
of meeting performance targets, in which case a compensation contract featuring severance
pay can be optimal. While prior work has shown that severance can induce managers to take
positive NPV risks, we show that it can also keep them from taking negative NPV risks. We
show that severance should be contingent on results: complete failure should nullify any
payments. We also show that mandating a firm size that is larger than first-best, while costly,
can help screen for good managers.
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1. Introduction

Managers are typically viewed as overly risk averse (Guay, 1999; Smith and Stulz, 1985), and the prior literature on contract
design has focused on increasing managers' willingness to take risk via equity grants, stock options, and severance pay.2 These
efforts appear, in practice, appear to be effective.3 But there are many situations in which even a risk averse manager would take
excessive risks, in particular when she finds herself close to missing earnings targets.4 The CEO may prefer to take negative NPV
risks to at least have some shot at meeting performance targets. We show that an optimal contract will often set high performance
goals, higher even than first-best for any type of manager, and offer severance for executives who do not meet the bar. We also show
that the features of these contracts appear to match several stylized facts about severance agreements that we see in practice.
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In our model, a board chooses a potential CEO it believes to be a good fit with the firm and makes a contract offer. A contract
describes what she is to be paid and whether she will be fired, both as a function of the profitability and size of the firm under her
leadership. After accepting the contract and joining the firm, the CEOmay find that her best efforts will be insufficient to reach the
performance targets set by the board. Her decision, then, is whether to “do her best” and under-perform, knowing that she may be
fired, or to take negative NPV risks to attempt to meet her performance targets.5 Our results demonstrate that if the board wishes
to prevent the manager from taking excessive risk, it is often the case that a contract featuring severance pay is the least expensive
way to induce good behavior from mediocre managers.

The model requires two critical features. First, there must be multiple periods for the concept of “firing” to make sense. Second,
there must be a trade-off between expected profit and risk, where an increase in the latter corresponds to a decrease in the
former. Themodel incorporates these two features in the simplest possible way: there are two periods, and profit can take either a
high value or a low value. The low value is always equal to zero, so the high value can be defined as the “targeted profit”. As this
value increases, the expected profit is assumed to decrease.

While the simplicity is attractive in its own right, an additional benefit to the model is that we need not restrict the space of
contracts that the firm may offer. It is often the case in contracting papers that attention is restricted to linear contracts, option
contracts, etc. in order to make the problem tractable. By restricting the analysis to two potential outcomes, we are able to
consider the full contracting space while still analytically deriving a simple closed form solution for the optimal contract.

We show that compensation packages including severance pay aremost valuablewhen the additional expected profit fromhaving a
goodmanager is high andwhen ability of the board to screen candidates prior to the contracting stage is high. Importantly, the optimal
severance contract pays CEOswho achievemediocre profits, but not those who fail completely. Pay for truly poor performance actually
provides incentives for risk taking, as poor performance typically results from a failed risky action.

The contract will also mandate empire building, in the sense that good managers are expected to choose a firm size above that
which is first-best.6 The intuition is that increases in firm size, beyond first-best, have two effects. First, the profitability of the firm
decreases. Second, the probability of achieving targeted profitability for the lower quality CEO is decreasing in firm size, so a larger
required size allows the firm to decrease severance pay while still ensuring that the lower quality CEO does not engage in risk
taking. In the neighborhood of the first-best firm size, the former effect is second-order while the latter effect is first-order.

In fact, trivial extensions to the model would yield optimal contracts requiring high quality CEOs to take many actions that are
excessive relative to the first-best. Any firm attribute that is complementary to CEO skill in determining firm profit could be
inserted instead of, or in addition to, firm size without changing our results. For example, if it is more difficult for a lower quality
CEO to manage a firm with more divisions, than the firm will require a high quality CEO to choose more than the first-best
number of divisions. This model produces empire building and conglomerating as part of an optimal contract.

The existing literature on severance pay as a component of an optimal compensation scheme has focused on a number of
different themes. Kahn (1985) demonstrates that when profits are noisy and firing of high quality executives takes place on the
equilibrium path, severance payments can allow for efficient risk sharing. Similarly, Manso (2011) suggests that severance can
induce optimal risk taking when failure can be a result of either shirking or (efficient) risk taking. Almazan and Suarez (2003) use
severance as a method of solving a commitment problem by allowing boards to only fire executives when a replacement is
significantly better.7 Walkling and Long (1984) and Lambert and Larcker (1985) demonstrate that severance payments can align
management and shareholder interests by compensating managers for loss of a job in the case that their firm is acquired. Schleifer
and Vishny (1989) and Scharfstein and Stein (2000) argue that severance may result from non-arms-length bargaining where
managers are entrenched and are effectively able “write their own paychecks”.

Laux (2008) examines a setting that varies CEO-board independence and concludes that because the board's propensity to
terminate the CEO is positively correlated with independence, severance pay should be included in an optimal contract to induce
self-revelation of low-type CEOs. He then shows that because these severance contracts have adverse incentives on a CEO's effort
level, optimal contracts should compensate for this by increasing the level of stock options. Roman and Mueller (2010) reach
similar conclusions regarding severance pay and incentive pay, without varying levels of board independence. The motivation of
both of these papers is Levitt and Snyder (1997), who show in a more generalized setting that poorly-performing agents must be
rewarded by the principal in order to receive early warning of the agent's performance.

While our paper has similarities with the aforementioned, our main intent is not to shed further light on the use of compensation
to reveal negative information or the poor fit of CEOs with their respective firms. Rather, we contribute by demonstrating that
severance pay can be used to avoid excessive managerial risk-taking and firm-value destruction, particularly when the executive has
significant pressures to meet performance-benchmarks. The two most important empirical implications from our model that differ
from others in the literature are that, (i) severance should not be paid for truly horrendous performance, and (ii) empire building is
optimal for good, but not bad, managers. These aspects of the manager's contract should arise only if (iii) there is significant
opportunity for her to take unobservable, negative NPV risks, and (iv) it is likely that the manager is high quality.

Section 2 outlines the simple model underlying the discussion. Section 3 derives the set of possible optimal contracts and
shows how parameters affect which out of this set is best. Section 4 concludes. Proofs are provided in the Appendix A.
5 Whether she will be fired for missing performance targets is endogenously specified in the initial contract.
6 Empire building, or the managerial practice of choosing a sub-optimally large group of underlings (the entire firm, for a CEO), has been documented for some

time. The typical explanation for empire building is that it confers some private benefit to the manager in the form of job safety, perks, additional income etc. In
this paper, the manager will be required to empire build by the board.

7 In particular, severance in their setting commits boards to only replace managers when replacement is most valuable. This ex-post protection induces ex-ante
optimal investment by managers.
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2. The model

2.1. Players and timeline

There is a firm and an infinite set of risk-neutral agents (potential CEOs) that each live for two periods. Agents are either high
type or low type, θ ∈ {θL,θH}, and type is privately observed.8 The following game structure is shown in Fig. 1. In period one, the
board nominates an agent randomly from the CEO pool and makes a take-it-or-leave-it contract offer, details of which we discuss
below. The board has some power to screen potential candidates before reaching the contracting stage, but is unable to do so
perfectly. With exogenous probability λ, any given nominee is of type θH, and with probability 1 − λ the manager is of type θL.

The nominee may accept or decline the contract offer. If the offer is declined then the board nominates a new candidate with a
new contract offer. This continues until a candidate accepts the offer of employment. The firm may also choose to hire nobody, in
which case the game ends.

Once a nominee accepts a contract offer, she becomes CEO and chooses firm size s ∈ [0,∞) and risk p ∈ (0,1]. Nature then chooses
firm profit as either high, with probability p, or low, with probability 1-p. Both firm size and profitability are observed by the board.

The board now may propose a change to the original contract terms, which the CEO must accept or reject. If rejected, the
original contract remains in place and, if accepted, the new contract is put in place. This includes the termination rule agreed in
the initial contract. That is, if the CEO was to be terminated, based upon the observed s and π, her rejection of the new contract
offer will result in her termination. If the CEO was to be retained, her rejection of the new contract will leave her in power under
the terms of the initial contract.

In period 2, the board may either have retained the CEO from period 1, or must find a new one. If the period 1 CEO was either
terminated or voluntarily resigned, then a new CEO is chosen with the same process as in period 1. Once the firm has a CEO in
period 2, whether the initial choice was retained or a new one was chosen, the game proceeds with the same parameters as
period 1: the CEO chooses risk p and firm size s, nature chooses profitability, and payouts occur.

2.2. Payoffs

In each period, after the CEO has chosen firm size and risk, nature chooses profit to be either high or low. Because we are
concerned with managerial risk taking, the CEO chooses the degree of variability in profit. For simplicity, we set low profit to be 0
regardless of the CEO's actions. High profit is denoted π(s,p,θ). A value of p = 1 implies that nature will select high profit with
certainty. For risk taking ever to make sense, from the CEO's perspective, the high profit outcome must be increasing as the
probability of failure, 1-p, increases. We therefore have:

Assumption 1. Profit following success is decreasing in the probability of success, p:
8 In S
∂π s;p; θð Þ
∂p b 0 for all s > 0; p∈ 0;1ð Þ and θ∈ θL; θHf g:
ection 6, we consider the case where type is unknown to all prior to hiring. The main implications of the model are strengthened.
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Risk in this model is ex ante detrimental to firm value. This assumption allows for the starkest contrast between the drivers of
severance optimality in this model versus previous work, in which severance could be used to protect a CEO and thus incentivize
risk-taking. We therefore need expected profit to increase when the CEO chooses a higher probability of success.

Assumption 2. Expected profit is increasing in the probability of success, p:
∂
∂p pπ s; p; θð Þ > 0 for all s > 0;p∈ 0;1ð Þ and θ∈ θL; θHf g:
For any given choice of risk and size, let expected profits be higher for high type CEOs (in some sense this is the definition of
“higher quality”).

Assumption 3. Profit is higher at firms managed by high types versus low types, ceterus paribus:
π s;p; θHð Þ > π s;p; θLð Þ for all s > 0 and p∈ 0;1ð Þ:
We want the problem to remain bounded, and solvable using standard first-order methods. Therefore:

Assumption 4. π is twice continuously differentiable and concave in s, achieving a maximum at a finite value of s for all p ∈ (0,1)
and θ ∈ {θL,θH}.

Let the size that maximizes expected profits, given a risk choice p, be denoted si
∗(p) = argmaxsπ(s,p,θi). We assume that

managers' skill and firm size are complementary:

Assumption 5. sH
∗ (p) > sL

∗(p), ∀p ∈ (0,1).

Finally, we must ensure that the bad manager can always attempt to imitate the good manager.

Assumption 6. For any s > 0 and p ∈ (0,1), there exists p′ > 0 such that the low quality manager can achieve s and π(s, p, θH)
with probability p′:
For all s > 0 and p∈ 0;1ð �; ∃ p′ > 0 s:t:π s;p′; θLð Þ ¼ π s;p; θHð Þ:
The principal's payoff equals expected firm profit. Since CEOs are risk-neutral, an actual or potential CEO's payoff is expected
lifetime earnings. There is no discounting, and the reservation wage for a type θi, i ∈ {L,H}, CEO is ui in each period, with uH > uL.

2.3. Allowable contracts

A contract given to a new CEO in period 1 is given by C1 = {w1(s1, π1), T(s1, π1), w2(s1, π1, s2, π2)}. The first contract element is
the wage paid at the end of period 1, which may depend on firm size s1 and profitability π1. The second contract element is the
termination decision T ∈ [0,1], which is the probability that the CEO is terminated at the end of period 1, and may depend on firm
size and profitability. The third contract element is the wage paid at the end of period 2, which may depend on observed firm size
and profitability in both period 1 and 2. The wage payments and termination decision may be unrelated to each other. That is, it is
allowable for the firm to make a wage payment in period 2 even while terminating the worker.

If the period 1 CEO is fired or quits, a contract must be given to a new CEO in period 2. This contract is given by C2 =
{w3(s2,π2)}. It simply specifies a wage, which may depend upon firm size and profitability in period 2.

The functions w1, w2, w3, and T may be increasing, decreasing, continuous or discontinuous in their arguments. Our sole
restriction is limited liability: wi ≥ 0 for i = 1, 2, 3.

The limited liability restriction has two components. First, there is only so much that the CEO can be punished for bad
performance. We normalize the maximum punishment to a wage of zero, but other choices would yield a qualitatively identical
model. Second, there is limited liability period-by-period. This implies that there cannot be negative wages in period 1,
compensated with positive wages in period 2. This restriction is important theoretically – if the CEO could post an arbitrarily large
bond to the firm, then the contracting problem would be degenerate. It is also reasonable empirically – it is unclear how a
potential CEO would come to have half a lifetime's worth of wages with which to post the bond. Period-by-period limited liability
also means that the firm cannot “claw back” prior pay. This aspect of the limited liability assumption will not bind, as the optimal
contract will feature pay that is deferred as long as possible.

3. Optimal compensation schemes

Now that the game is fully specified, we can solve for the optimal contract design and the choices that follow. For the rest
of the paper, let si = si

∗(1) be the socially optimal firm size for a manager of type i taking the socially optimal level of risk, which
is none. Define ρ to be the probability of success for a low type attempting the socially optimal size and profit of the high type:
π(sH, ρ, θL) = π(sH, 1, θH). Socially optimal decision-making henceforth refers to type i choosing p = 1 and s = si. Let the profit
from socially optimal decision-making be πi = π(si, 1, θi).
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If the board could perfectly observe the ability of potential hires, the first-best contract would induce socially optimal decision-
making from the hired CEO in both periods, and would only be offered to the type of agent that is more efficient for the firm. Firm
profit is revenue from the efficient choices of size and risk, πi, net of reservation pay ui, so profit equals πi − ui. The firmwould choose
the type of CEO forwhom πi − ui is greater, and then only pay the CEOwhen outcomes are consistentwith socially optimal decisions.

When the firm cannot observe agents' types, the problem is more complicated. Without limited liability, the firm could do as
well as if it could observe agent type. If it were efficient to hire low type managers, it could simply offer a wage uL, paid only when
outcomes were consistent with socially optimal decisions. This contract would attract only low-type managers and would induce
profit-maximizing decisions. If it were efficient to hire high type managers, the firm could offer very intense incentives, delivering
uH for outcomes consistent with socially optimal decision-making by the high type of agent, and delivering some payoff −X
for any other observed outcome. A low type agent could only achieve profit associated with s = sH, p = 1 and θ = θH with
probability ρ b 1. Therefore, if −X were sufficiently negative, the contract would not deliver expected utility uL to a low type, so
low types would not accept such a contract offer. Thus, the optimal contract could screen for the desired type of CEO while costing
the firm no more than if it could observe CEO quality. We therefore have:

Lemma 1. Without limited liability, the optimal contract would achieve first-best outcomes, identical to the case where agent type is
observable.

The model in this paper would not be particularly interesting if limited liability were not an issue, but in practice it is a
constraint. A first step to finding the optimal contract is to find the best contract that achieves a particular goal. A goal might be,
for example, “only hiring low types”, or “trying to hire high types, but being content with a low type if you get stuck with one”. We
define contracts that are optimal for achieving a particular goal as “constrained optimal.” To find the “globally optimal” contract,
we compare firm value across potential goals, assuming optimal contracting toward that goal.

This process is backward induction. The firm chooses a hiring goal and, given that goal, chooses the optimal contract for achieving
it. To find the optimal contract, we solve backwards. Find the optimal contract for each goal, and then choose the optimal goal, given
payoffs resulting from those contracts. The best contract for the goal yielding the highest payoff is the optimal contract. We identify
constrained optimal contracts below.

3.1. A constrained optimal contract that attracts only low types

Lemma 2. A constrained optimal contract that attracts only low types includes a flat wage in both periods and no termination:

1. w1(s1 = sL, π1 = πL) = uL while w1 = 0 for all other {s1,π1} combinations
2. w2(s1 = sL, π1 = πL, s2 = sL, π2 = πL) = uL while w2 = 0 for all other {s1,π1,s2,π2} combinations
3. T(s1 = sL, π1 = πL) = 0 (retain), while T = 1 (terminate) for all other {s,π} combinations.

The contract only offers sufficient compensation to attract low types, and pays them as little as possible while inducing socially
optimal decision-making. This contract will always be globally optimal when πL − uL ≥ πH − uH and the value to the firm of this
contract is 2(πL − uL). When πL − uL b πH − uH, the board may prefer to hire only high types, if possible.

3.2. A constrained optimal contract that attracts only high types

Lemma 3. A constrained optimal contract that only attracts high types features deferred compensation with the option of termination:

1. w1 = 0 for all {s1, π1} combinations
2. w2(s1 = sH, π1 = πH, s2 = sH, π2 = πH) = 2uH while w2 = 0 for all other {s1, π1, s2, π2} combinations
3. T(s1 = sH, π1 = πH) = 0 (retain) while T = 1 (terminate) for all other {s1, π1} combinations.

This contract offers the minimum necessary pay to attract high types, and does so in a way to be as unappealing as possible to
low types. All pay is deferred until the end of the contract, which means that a low type must successfully imitate a high type
twice in order to be paid. The contract gives an incentive for a high type to take socially optimal actions by only paying her when
outcomes are consistent with those actions.

It is not always that the case that attracting only high types is feasible. A low type receiving the contract offer above makes the
following calculation. If she accepts the offer, she will attempt to imitate the high type and will choose s1 = sH and p = ρ. If she
fails, which happens with probability (1 − ρ), she is fired and receives reservation pay of uL in period 2. If she succeeds, which
happens with probability ρ, then she makes the same choices in period 2. If she succeeds, then she receives payoff 2uH. If she fails,
she receives nothing. Her payoff from accepting the contract is therefore (1 − ρ)uL + ρ2(2uH). If she rejects the initial contract
offer, she receives 2uL. She therefore only rejects the contract offer when
which
1−ρð ÞuL þ ρ2 2uHð Þ≤2uL;

yields the following necessary and sufficient condition for the existence of contracts that screen for high types.
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Lemma 4. The goal of hiring only high types is achievable if and only if uH

uL
≤ 1

2
1þ ρð Þ
ρ2

While the contract defined in Lemma 3 is an example of a constrained optimal contract that attracts only high types, there are
others. A contract that pays a performance bonus of 2uH for achieving a profit level of π ≥ πH twice yields the same constraints
and is more intuitive. This contracting goal is only achievable when either both types have similar outside options or if CEO type
has a significant effect on firm profits (i.e. it is difficult for low types to imitate high types).

As was stated above, it is best to target one type if possible. Firms that find it more profitable to hire high types may or may not
be able to do so, as shown as shown in Lemma 3. If the types' outside options are similar, thenwewould expect πH − uH > πL − uL.
Therefore, in practice we would expect that firms using this type of pay scheme to be firms where CEO skill is highly specific to the
firm. The value to the firm of this contract is 2(πH − uH).

3.3. A constrained optimal contract that attracts both types and terminates low types

Now we consider the most interesting situation regarding parameter values: the one in which the board would like to hire
only high types but cannot, because low types have significantly lower outside options (i.e., the case of general rather than
firm-specific management skills). The two constraints on parameters that yield this situation are:
9 We
πH−uH > πL−uL

uH

uL
>

1
2
1þ ρ
ρ2 :
The board must specify actions for each type, payoffs for success and failure following those actions, and payoffs for outcomes
that do not occur on the equilibrium path. There are two potentially optimal contracts that attract high types: one in which low
types are fired when their actions reveal them, and one in which they are allowed to stay on. It is shown in the Appendix A that it
cannot be optimal to use other schemes, but either of these can be optimal depending on parameter values. We later discuss when
each is best.

If a firm wishes to dissuade low types from imitating good managers by requiring them to choose excessive size or take
excessive risk, it is less expensive to require excessive size. The intuition is that any constrained optimal contract that specifies
different behavior for the two types must specify socially optimal actions for the low types: they should be told to take no risk. In
this case, in the neighborhood of socially optimal play for high types, a small increase in specified high type risk will result in only
high types earning profits of 0 on the equilibrium path. Firing for failure is not renegotiation-proof, so the incentive for low types
to deviate to taking some risk is significantly loosened: if they fail they are seen as high types and are not fired! An apparently
small strengthening in the low type IC constraint by making it more difficult to imitate high types would actually result in a
significant weakening in the IC constraint, making the requirement of a small level of risk for high types bad for the firm. A small
increase in size, as we will see, is always good.

Before continuing, some definitions will be useful. Let p′(s) be implicitly defined by π(s,1,θH) = π(s, p′(s), θL). If a high type is
assigned a target firm size s, then p′(s) is the probability that a low type who chooses the same firm size can achieve the same
profit. Note that ρ = p′(sH). We define empire building to be a choice of s by a CEO that is larger than first-best: i.e. s > si

∗. Let s1H

and s3H be defined by
∂π s;1; θHð Þ
∂s

s¼s1H
¼ 1−λ

λ
2ρuH−uLð Þ ∂p

′ sð Þ
∂s

�����
�����
s¼s1H

ð1Þ

∂π s;1; θHð Þ
∂s

s¼s3H
¼ 1−λ

λ
uH

∂p′ sð Þ
∂s s¼s3H

�����
�����: ð2Þ
Note that uH > 2ρuH − uL, so sH b s3H b s1H. Finally, let π1H = π(s1H, 1, θH) and π3H = π(s3H, 1, θH).
When the board wishes to hire high types and remove low types after the first period, it must induce low types to reveal

themselves. If a low type reveals herself, she is paid X in period 1 and is fired, receiving uL in period 2. If the low type imitates, then
she receives w1 in period 1 if she succeeds and 0 if she fails.9 In the latter case, she receives uL in period 2. In the former case,
she receives w2 in period 2 if she succeeds and zero if she fails. The probability that she successfully imitates the high type
depends on the firm size that the high type is expected to maintain, s. The probability that she can successfully imitate is p′(s). Her
IC constraint is therefore
X þ uL≥ 1−p′ sð Þ� �
uL þ p′ sð Þw1 þ p′ sð Þ� �2w2:
The way to find the optimal contract is to begin with the first-best contract, which specifies socially optimal decision-making
from both types of agents and pays each agent's reservation pay. This contract will not satisfy the low type's IC constraint if
assume that the optimal contract punishes failure as much as possible. This is, of course, true, and we show a more formal derivation in the Appendix A.
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uH

uL
>

1
2
1þ ρ
ρ2 . In order to get the constraint to hold, the required firm size s and the payouts X,w1 andw2 can be adjusted. In particular,

X must increase, w1 or w2 must decrease, or p′(s) must decrease (so s must increase). Note that ∂π s;1; θHð Þ
∂s s¼sH

¼ 0
��� (π is concave and

maximized at s = sH, given manager type θH) but
∂p′ sð Þ
∂s s¼sH

b 0
��� .10 Therefore, the required firm size for a high type of manager can be

increasedmarginally, loosening the low type's IC constraint while only having a second order effect on profit. Empire building will be
a part of the optimal contract.

w1 andw2 can only be reduced so much if the contract is still to attract high types. The high type is indifferent to receiving pay
in period 1 or 2, so since p′(s) b 1, we can shift all pay to w2, loosening the low type's IC without affecting high type behavior. An
increase in X clearly has a first order effect on profit as well as the low type's IC, but some positive value of X will be optimal.

Proposition 1. A constrained optimal contract that attracts both types and fires bad managers after period one requires that low types
take socially optimal actions, are fired, and receive severance pay. High types engage in empire building initially and socially optimal
decision-making in period two, while being paid entirely in deferred compensation:

1. w1(s1 = sL, π1 = πL) = p′(s1H)(2ρuH − uL) and w1 = 0 for all other {s1, π1} combinations.
2. w2(s1 = s1H, π1 = π1H, s2 = sH, π2 = πH) = 2uH while w2 = 0 for all other {s1, π1, s2, π2} combinations.
3. T(s1 = s1H, π1 = π1H) = 0 (retain) while T = 1 (terminate) for all other {s1,π1} combinations.

Young high quality managers must choose excessive firm size to prove their mettle. When choosing expectations for a new
CEO, the firm trades off requiring high types to manage a larger firm, which is costly, with simply offering more severance to low
types who reveal themselves. The solution is for some of each: the firm is expected to be sub-optimally large, but there is
severance pay as well.

Corollary 1. Severance is decreasing in uL, and increasing in p′(s) and uH.

As the low type's outside option, uL, improves, the amount of necessary severance pay decreases: low types are more willing to
leave the job for greener pastures. As low types are less able to imitate high types (p′(s) decreases point-wise in s) severance also
decreases, because it depends on the low type's ability to gamble on a high outcome. As high type reservation utility increases,
severance pay increases: high type mangers must be paid more to meet their reservation utility, but as this amount grows,
severance must grow apace to induce low types to accept their own firing rather than taking risk. The amount of required empire
building depends upon the precise shape of π. If high types can increase size without too much of an effect on profit, while the
same is not true for low types, then more empire building is called for.

3.4. A constrained optimal contract that attracts and retains both types of manager

It can also be best to hire both types, induce separation, and retain both in period two.

Proposition 2. A constrained optimal contract that attracts both types and fires neither after period one requires that low types take
socially optimal actions in both periods, while high types empire build in period one and take socially optimal actions in period two.
Both types are paid entirely in deferred compensation, with high types earning more than low types.

1. w1 = 0 for all {s1,π1} combinations
2. w2(s1 = s1H, π1 = π1H, s2 = sH, π2 = πH) = 2uH and w2(s1 = sL, π1 = πL, s2 = sL, π2 = πL) = 2p′(s1H)ρuH + (1 − p′(s1H))uL

while w2 = 0 for all other {s1, π1, s2, π2} combinations
3. T(s1 = s1H, π1 = π1H) = 0 (retain) and T(s1 = sL, π1 = πL) = 0 (retain), while T = 1 (terminate) for all other {s1, π1} combinations.

Corollary 2. Pay for the low type's prescribed actions is increasing in uH and uL.

This contract is also fairly simple. Empire building is required for high types in the first period as before because, in the
neighborhood of s = sH, the effect of empire building on revenue is second order while the effect on low type pay through its IC
constraint is first order. All pay is deferred to generate maximal incentives to behave. The effects of parameter changes on low type
pay are similar to before, except that an increase in low type outside options actuallymakes this contract less valuable. Low type pay is
increasing in outside options because it makes being fired (and therefore imitating high types) more attractive. As before, there is no
uncertainty on the equilibrium path, so outcomes not specified in the contract are punished with firing and no pay.

3.5. Globally optimal contracts

If parameters are such that the firm would ideally hire only high types but is unable to do so, there are three classes of
constrained optimal contracts, each of which sometimes is globally optimal.11 If the board offers the severance contract, then it
10 The effect of an increase in s is second order on π but first order on p(s).
11 See the Appendix A for proofs rejecting other classes of contract.
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hires a high type in period one with probability λ and receives payout π1H + πH − 2uH. With probability 1 − λ, it hires a low
type. In this case, it receives payout πL − p′(s1H)(2ρuH − uL) and then must draw a new CEO in period two, in which case it
receives π3H − uH with probability λ and πL − p′(s3H)uH with probability 1 − λ. Let Vj be the value of the firm employing
contracting strategy j ∈ {severance,low,permissive}. Then:
Vseverance ¼ λ π1H þ πH−2uH

� �
þ 1−λð Þ πL−p′ s1H

� �
2ρuH−uLð Þ þ λ π3H−uH

� �
þ 1−λð Þ πL−p′ s3H

� �
uH

� �h i
:

If the board only hires low types, then firm value is
Vlow ¼ 2 πL−uLð Þ:
If the board hires both types but fires neither, it gets a high type with probability λ and earns π1H + πH − 2uH, and gets a low
type with probability 1 − λ and earns 2πL − 2p′(s1H)ρuH − (1 − p′(s1H))uL. The value of the firm is therefore
Vpermissive ¼ λ π1H þ πH−2uH

� �
þ 1−λð Þ 2πL−2p′ s1H

� �
ρuH− 1−p′ s1H

� �� �
uL

h i
:

We now can state our primary global optimality result.

Proposition 3. The contract featuring severance is globally optimal when high types of manager are much more valuable than low
types for the firm, and when the board is more able to screen candidates.

To see the intuition for this proposition, let J ≡ πH − π1H, K ≡ πH − π3H, p1 ≡ ρ − p′(s1H) and p3 ≡ ρ − p′(s3H). This
parameterizes the profit function in a way that makes comparative statics manageable. The value of the firm may be higher or
lower when the severance contract is used rather than the low contract (only hiring low types), depending on parameters, but
there do exist situations when either is higher than the other (see the proof of Lemma 7 in the Appendix A for examples of when
each can be best). Let V be the difference between firm value when the severance contract is used versus the contract where only
a low type is hired. To see how parameter values determine the features of the optimal contract, we can take a derivative of V
with respect to each parameter and note the sign.
(x)
 d
dx
V
 Sign
πH
 λ(3 − λ)
 >0

πL
 (1 − λ)(2 − λ) − 2
 b0

uH
 − 2λ − (1 − λ)(2ρ(ρ − p1) + λ + (1 − λ)(ρ − p3))
 b0

uL
 (1 − λ)(ρ − p1) + 2
 >0

λ
 −J þ 3−2λð Þ πH−uHð Þ−πL þ ρ−p1ð Þ 2ρuH−uLð Þ− 1−2λð ÞK
 >0
ρ
 (1 − λ)[(λ − 4ρ − 1)uH + uL]
 b0
The severance contract is more valuable relative to the low contract when πH and uL are high, πL and uH are low, ρ is low and λ
is high. In essence, severance contracts are more valuable when CEO quality is important (in particular, more important to the
firm than to outsiders), when low type managers cannot easily imitate high type managers, and when the board is better able to
screen candidates.

Hiring both types but firing low types when they reveal themselves entails a cost: severance must be paid to entice low types
to reveal themselves, and this expense may be very high. The firm might get a high type in period two upon firing a low type in
period one, but it might not. If not, then the severance was lost for no gain, but if so then the firm has a more valuable leader.
Therefore, the better the firm is at screening candidate CEOs, the more likely a firing results in a superior replacement and the
more valuable the severance contract becomes. In the model, this is captured by the parameter λ, which is defined to be the
probability that a new CEO will be high quality.

The curvature of π is parameterized by J, K, p1 and p3. Without evaluating derivatives, it is clear that as J and K shrink (the profit
function for high types is flatter), and p1 and p3 rise (the profit function for low types is steeper), the severance contract becomes
more valuable. A flatter profit function for high types and a steeper one for low types have both a first and second order positive
effect on profit under the severance contract.

Perhaps the most natural situation in which a severance contract is best is that of a large, complex firm. At large firms, the level
of CEO pay is second or third order relative to both the level of profit and the impact of CEO quality on profit: uH − uL is
approximately equal to zero relative to πH − πL. The difference πH − πL would be especially large at complex firms where talent is
more critical. In this case, the severance contract is the optimal contract.

3.6. Optimal contracts when managers do not know their own types

It is worth investigating what would occur if potential hires were unaware of their skills prior to joining the firm. In this case,
contracts cannot be used to screen candidate CEOs. Suppose that all CEOs, prior to joining the firm, perceive themselves to be high
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types with probability λ and low types with probability 1-λ so that their beliefs are aligned with those of the firm. Let their
reservation utilities at the outset be u = λuH + (1 − λ)uL in each period. After joining the firm, the new CEO learns her type,
chooses s and p, and the game proceeds as in the preceding sections.

The following proposition is stated without proof (the proof follows closely to that of Propositions 1, 2 and 3).

Proposition 4. If candidate CEOs only learn their type immediately after joining the firm, the severance contract is globally optimal
when πH and uL are high, πL and uH are low, ρ is low and λ is high.

Essentially, the properties of the severance contract and the circumstances in which it is optimal are largely the same
regardless of whether candidate CEOs know their types. The severance contract is only useful when screening is impossible, so
assuming that potential CEOs do not know their types entails no new restriction. Indeed, screening contracts that only attract high
or low types are ruled out, so the severance contract will be optimal for a larger set of parameters.

The important assumption of the model is that upon joining the firm, new CEOs are able to determine how the firm is likely to
perform under their leadership given choices regarding risk and size. It is not necessary for new CEOs to see themselves as low
types (i.e., it is not necessary for them to realize that anyone else could do a better job).

4. Conclusion

This paper offers a novel justification for severance pay as a method of reducing excessive managerial risk-taking. We argue
that severance pay can be part of an optimal contract, but that the severance payment must depend on performance. High profit is
rewarded with retention and deferred compensation, and medium profit is rewarded with firing and severance, but complete
failuremust bemetwith firing and no payment. The reason is straightforward:mediocrity results fromweakmanagers doing their
best whereas failure can only result from undesirable risk taking, the precise action that an optimal contract must discourage. In
practice, most actual severance agreements depend on performance insofar as they do not pay out if termination is for cause.
Whether this is equivalent to – or more than – complete failure in our model is open for debate, but most severance contracts do
indeed restrict payments under the “worst case scenario,” as themodel predicts.While it is rare in practice for firms tomake use of
these provisions, their use is also never present on the equilibrium path in the model.

Our model suggests that offering a contract with severance becomes optimal as the difference between the firm's profits and
the executive's reservation wages increases, and as the importance of the executive's skill rises. It also suggests that severance
payments themselves increase as profits driven by a CEO's skill also increase (outside options for high types rise and outside
options for low types fall). As corporations have grown larger, profits have grown relative to pay. As firms have grown more
complex and industries more competitive, returns to CEO skill may have also increased. The model therefore suggests that, over
time, severance payments should have grown in size and frequency, and indeed they have. Cross-sectionally, the model predicts
that severance packages should be larger and more common at larger and more complex firms that operate in more complex
industries. Again, the implications of the model appear to fit well with casual observation.

Our model also makes a stark prediction regarding when success should be compensated: at retirement. When parameters
are such that it is possible to target one particular type of manager in the hiring process, compensation can be paid out more
evenly over a manager's lifetime, but when parameters prevent these contracts, it becomes strictly better for the firm to defer
compensation as long as possible. This minimizes the probability of a low type successfully imitating a high type and therefore
lowers the expected wage cost. In practice, pay deferral, while not complete, is still extensive. Lee Raymond netted $400 million in
deferred compensation upon retirement from ExxonMobil in 2005, which greatly exceeded his annual take-home pay. While pay
is not necessarily deferred until retirement for all executives, pay is often in the form of long-vesting options or restricted stock
and therefore is deferred significantly.

We also show that high quality CEOs should be required to expand the firm beyond the first-best optimal size. That is, what
appears to be empire building is optimal. This fact is justified by an envelope argument: at the margin where the firm is the
first-best optimal size, increasing the size has a second-order effect on profit, but a first-order effect on the probability that a low
quality CEO canmatch the profit that the high quality CEO could achieve. This allows a first-order reduction in expected compensation
for the low type. This argument follows formany firm attributes other than size. So long as the attribute is complementary to CEO skill
in generating profit, the high quality CEO should be required to choose an excessive level of the attribute. Other examples might be
firm scope (if managing multiple divisions is relatively more difficult for a lower quality CEO) or asset intangibility (if earning a high
return on intangible assets is relatively more difficult for the lower quality CEO).

Appendix A

Proof of Lemma 1. Consider the following two contracts:

1. Offer a wage w = uL
2. Offer a payment w = uH if s = sH, π = πH is observed and − X otherwise where X is arbitrarily large

The first contract would only attract low types and socially optimal low type behavior would occur on the equilibrium path.
The second would attract only high types (for some X large enough). Firm profit from choosing one of these contracts is
maxi(πi − ui) in each period.
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The expected per-period profit from a contract that attracts both types is
12 If an
λ½Eðπ θHj Þ−E compensation θHj Þð � þ 1−λð Þ½Eðπ θLj Þ−E compensation θLj Þð �
≤ λ πH−uH½ � þ 1−λð Þ πL−uL½ �
≤max

i
πi−ui½ �
■

Proof of Lemma 2. If pay is simplyw = uL then it is (weakly) optimal for the CEO to choose s = sL, p = 1 to get profit of πL. This
scheme will not attract high types because maximum pay is 2w = 2uL b 2uH. ■

Proof of Lemma 3. Suppose we have some contract that pays A(s1,π1) in the first period and, if the CEO from the first period is not
fired, B(s1, s2, π1, π2) in the second in the second period. Since the goal is to only hire high types and we require renegotiation-
proofness, the contract must induce choices of sH, πH in each period.12 This is best achieved by maximizing the penalty from other
actions. Let A(s1, π1) = A if s1 = sH and π1 = πH and 0 otherwise and let B(s1, s2, π1, π2) = B if s2 = sH and π2 = πH and 0
otherwise. We need IR constraints to be satisfied as below
Aþ B≥2uH

ρ Aþ ρBð Þ þ 1−ρð ÞuL≤ 2uL
Rewrite the IR constraint for the low types as
Aþ ρB≤ 1þ ρð Þ
ρ

uL
The value of the firm is linear in A + B (only high types are hired so the total wage bill is A + B). By moving pay from A to B,
we weaken the constraint. Because of limited liability this constraint is weakest when A = 0. Now, our IR constraints become
2uH ≤B≤ 1þ ρð Þ
ρ2 uL
The set of possible values for B is only non-empty if
uH

uL
≤ 1

2
1þ ρð Þ
ρ2
Value is decreasing in B, so B = 2uH completes the contract. ■

Lemma 5. It cannot be optimal to hire both types, fire for poor performance and induce pooling.

Proof. In order for the contract to be renegotiation-proof, it must be that the pooling size is s″ ≥ sH
∗ (p″). If the board requires

pooling at some smaller size, then high types could argue that they want to choose a larger firm size. The board and CEO should be
able to come to some pay agreement that allows the high types to choose the larger size and pay a little extra for it. As long as the
extra pay is small enough, low types would not want to make this argument and therefore the renegotiation would take place.
Given that we are constrained to have the board hire both types, fire for poor performance, and induce pooling at some firm size
larger than sH

∗ (p″), the optimal pooling location is s = sH, π = πH.

Regardless of the initial contract, the board could alter the contract in period 2 to the benefit of the firm and low types by
offering a contract that induces them to choose s = sL, π = πL. This contract could have the same expected wage bill for the firm,
same expected pay for the low types and high types, and induce socially optimal choices. Therefore, for a contract to be
renegotiation-proof it must make that offer in period two. The contract then would specify a payment of uH if s = sH, π = πH is
achieved in the first period with a payment of 0, and firing if anything else occurs. In period two the contract would specify a
payment of uH if s = sH, π = πH and ρuH if s = sL, π = πL is realized and zero otherwise.

If the board requires pooling in period one at s = sH, π = πH, then with probability 1-ρ low types will fail and be fired. The
board could instead write a contract which specifies a probabilistic response to a CEO choice of s = sL, π = πL in the first period.
They could fire with probability 1-ρ and not pay money, or keep on as CEO with probability ρ and pay uH. Expected revenue to the
firm is higher since s = sL, π = πL is socially optimal, and low types are indifferent; thus, they would be willing to choose s = sL,
π = πL. High types clearly would still choose s = sH, π = πH. ■
y other actions are specified then, after the agent is hired, she and the board will be able to renegotiate to optimal play.
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Proof of Proposition 1. The board proposes a contract specifying period one high and low type actions: (s = s1L, π = π1L) and
(s = s1H, π = π1H). The contract will pay 0 if any other profit number or firm size is observed because both types have probability
0 of failing on the equilibrium path and the board wants to create the largest possible disincentives to deviate.

To find the optimal contract that fires low types and induces separation, the board will set pay levels Ai, Bij, where Ai is paid at
the end of the first period if s = s1i, π = π1i is observed, and Bij is paid at the end of the second period if s = s1i, π = π1i was
observed in period one and s = s2j, π = π2j was observed in period two. In the second period, if a new CEO is to be hired, the
board will offer Ck if s = s3k, π = π3k where i, j, k ∈ {L, H}.

We then have IR and IC constraints in the first period of:
13 We
AH þ BHH ≥ 2uH

BHH ≥ uH

AH þ BHH ≥ AL þ uH

AH þ BHH ≥ AH þ BHL

AL þ uL ≥ 2uL

AL þ uL ≥ p′ s1H
� �

AH þ BHLð Þ þ 1−p′ s1H
� �� �

uL

AL þ uL ≥ p′ s1H
� �

AH þ p′ s2H
� �

BHH

� �
þ 1−p′ s1H

� �� �
uL
Shifting from AH to BHH weakens some constraints without strengthening any, so we can set AH = 0. We can also set BHL = 0
without tightening any constraints. Thus, we obtain
BHH ≥ 2uH

BHH ≥ AL þ uH

AL ≥ uL

AL ≥ p′ s1H
� �

p′ s2H
� �

BHH−p′ s1H
� �

uL
Then AL = min{uL, p′(s1H)(p′(s2H)BHH − uL)}, BHH = min{2uH, AL + uH}. Since it is not possible to only hire high types we
get
BHH ¼ 2uH

AL ¼ p′ s1H
� �

2p′ s2H
� �

uH−uL

� �
Let s = s3i, i ∈ {L,H} be specified for new CEOs hired in period two. Then in the second period we have the following
constraints
CH≥uH

CH≥CL

CL≥uL

CL≥p′ s3H
� �

CH
Then we get CH = uH, CL = p′(s3H)uH. The final thing we must do is choose s1H, s2H and s3H. This contract has defined what
the firm must pay to get specified actions, but has not said anything yet about what those actions should be. The value of the
firm is
Vseverance ¼ λ π1H þ π2H−2uH

� �

þ 1−λð Þ π1L−p′ s1H
� �

2p′ s2H
� �

uH−uL

� �
þ λ π3H−uH

� �
þ 1−λð Þ π3L−p′ s3H

� �
uH

� �h i
We clearly want to require low types to take actions that maximize πiL because doing so does not affect the value function
negatively anywhere. Given that we are requiring types to take no risk, πiL = πL, i ∈ {1,3}.13 The same cannot be said for high
types. Requiring them to choose sizes larger than socially optimal reduces the probability with which low types can successfully
imitate them and therefore reduces the severance that must be offered.

We now ask what the optimal levels of these three variables are. First, a renegotiation-proof contract must set s2H = sH
because once high types have credibly revealed themselves in period one they could otherwise always renegotiate with the board
could allow low types to take risk and get somewhat messier functions. The result, however, would be identical.
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to get a mutually beneficial change in terms. Therefore there cannot be empire-building in period two given that the CEO is a
carry-over from period one.

As for s1H and s3H, these are both greater than sH. They are apparently not less, because in that case high type profits could increase
while low type pay decreases when they are raised to sH. At s = sH, the effect of an increase of s on π is, by assumption, second order
(π ismaximized and differentiable at s = sH). The effect on low typewage is, however, first order. Pay is AL = p′(s1H)(2p′(s2H)uH − uL)
or CL = p′(s3H)uH and p(t) is strictly monotone by assumption. Therefore, s1H, s3H > sH. ■

Lemma 6. It cannot be optimal to keep low types on as CEO with some probability x ∈ (0,1).

Proof. Let's find the optimal contract for any given x. Let other definitions be as in Proposition 1.

The constraints are
AH þ BHH ≥ 2uH

BHH ≥ uH

AH þ BHH ≥ AL þ 1−xð ÞuH þ xBLH

AH þ BHH ≥ AL þ 1−xð ÞuH þ xBLL

AH þ BHH ≥ AH þ BHL

AL þ 1−xð ÞuL þ xBLL ≥ 2uL

BLL ≥ uL

AL þ 1−xð ÞuL þ xBLL ≥ AL þ 1−xð ÞuL þ xBLH

AL þ 1−xð ÞuL þ xBLL ≥ 1−p′ s1H
� �� �

uL þ p′ s1H
� �

AH þ p′ s2H
� �

BHH

� �

AL þ 1−xð ÞuL þ xBLL ≥ 1−p′ s1H
� �� �

uL þ p′ s1H
� �

AH þ BHLð Þ
CH ≥ uH

CH ≥ CL

CL ≥ uL

CL ≥ p3HCH :

ð3Þ
Profits for the firm are
V pð Þ ¼ λ 2π1H−AH−BHH

� �
þ 1−λð Þ π1L þ xπ2L þ 1−xð Þ λπ3H þ 1−λð Þπ3L

� �
−AL−xBLL− 1−xð Þ λCH þ 1−λð ÞCLð Þ

h i
:

We can, as before, shift payment between AH and BHH without affecting profit. We set AH = 0 and raise BHH accordingly to
loosen the two constraints. We can also set BHL = BLH = 0 without affecting profit and loosening constraints: because the
contract identifies types and induces optimal behavior it is best to minimize payment to CEOs that behave sub-optimally in one
period. We can also set BHH as small as possible to still hire high types. As long as the offer to low types is not too enticing, high
types will not deviate so we, for now, ignore that constraint and will check that it is satisfied later. Then BHH = 2uH. We can also
let CH = uH and CL = max{uL, p3HuH}. Decreasing p3H also decreases profits from high types, and therefore will only be decreased
if there is sufficient value gained from paying low types less. Therefore, max{uL, p3HuH} = CL = p3HuH. We are left with
AL þ xBLL ≥ 1þ xð ÞuL

BLL≥uL

AL þ p′ s1H
� �

−x
� �

uL þ xBLL≥2p′ s1H
� �

p′ s2H
� �

uH:
If we decrease AL by 1 and increase BLL by
1
x
then profits are left unchanged. One constraint is loosened while the other two

remain unchanged. This remains valid as long as x > 0, so we assume x > 0 and AL = 0. Subsequently,
BLL≥
1þ xð Þ
x

uL

BLL≥
2p′ s1H

� �
p′ s2H
� �

x
uH−

p′ s1H
� �

−x

x
uL:
If the first constraint binds, we get a value of
V ¼ λ π1H þ π2H−2uH

� �
þ 1−λð Þ π1L þ xπ2L þ 1−xð Þ λπ3H þ 1−λð Þπ3L

� �
−x

1þ xð Þ
x

uL− 1−xð Þ λuH þ 1−λð Þp3HuH

� �� �
;
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is linear in x. If the second constraint binds, we get

V ¼ λ π1H þ π2H−2uH

� �

þ 1−λð Þ π1L þ xπ2L þ 1−xð Þ λπ3H þ 1−λð Þπ3L
� �

−2p′ s1H
� �

p′ s2H
� �

uH þ p′ s1H
� �

−x
� �

uL− 1−xð Þ λuH þ 1−λð Þp3HuH

� �h i
;

is also linear in x. In either case it cannot be optimal to have x ∈ (0,1). The final case would be where both bind:

1þ xð Þ
x

uL ¼
2p′ s1H

� �
p′ s2H
� �

x
uH−

p′ s1H
� �

−x

x
uL

uH

uL
¼

1þ p′ s1H
� �� �

2p′ s1H
� �

p′ s2H
� � :
This cannot happen because we have shown that p′(s2H) = ρ, p′(s1H) b ρ and we only need to consider these contracts when
uH

uL
>

1
2

1þ ρð Þ
ρ2 . Therefore, we must have a corner solution and x ∉ (0,1). ■

Plugging in x = 1 (where low types are never fired) we get a firm value of
Vpermissive ¼ λ π1H þ πH−2uH

� �
þ 1−λð Þ 2πL−2p′ s1H

� �
ρuH− 1−p′ s1H

� �� �
uL

h i
:

As before, the effects of an increase in s in the region of sH are second order on π and first order on pay for low types:
dVpermissive

ds s¼sH

¼ λ
dπ
ds

�����s¼sH

þ 1−λð Þ uL−2ρuHð Þdp
′ sð Þ
ds

�����
�����
s¼sH

≃ 1−λð Þ uL−2ρuHð Þdp
′ sð Þ
ds

�����s ¼ sH > 0;

the last inequality follows because dp′ sð Þ
ds

���
s¼sH

b0 and uH

uL
>

1
2

1þ ρð Þ
ρ2 . Therefore, as before, empire building by high types is
where

optimal.
Recall that
Vseverance ¼ λ π1H þ πH−2uH

� �
þ 1−λð Þ πL−p′ s1H

� �
2ρuH−uLð Þ þ λ π3H−uH

� �
þ 1−λð Þ πL−p′ s3H

� �
uH

� �h i

Vlow ¼ 2 πL−uLð Þ:
Lemma 7. Any of the three schemes: only hire low, hire both and fire, and hire and retain both can be optimal.

Proof. Let uL = 1, uH = 2, πL = 4, πH = 6, ρ = .75, λ = .1, s1H ≅ s3H ≅ sH. Then we get
Vseverance ¼ 5:795

Vpermissive ¼ 5:75

Vlow ¼ 6:
Vlow is highest. We know that raising the fraction of high types in the population makes hiring both types and firing low types
more valuable. Let all parameters be set as before except λ = .9.
Vseverance ¼ 8:195

Vpermissive ¼ 7:75

Vlow ¼ 6:
Now let parameters have middling values: uL = 1.453, uH = 4.453, πL = 6.797, πH = 10, ρ = .5694, λ = .6906, s1H ≅ s3H ≅ sH.
Then we get
Vseverance ¼ 10:72028

Vpermissive ¼ 10:780536711

Vlow ¼ 10:634:
■
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Proof of Proposition 3. The values of the firm under the three potential contract schemes are
Vseverance ¼ λ π1H þ πH−2uH

� �
þ 1−λð Þ πL−p′ s1H

� �
2ρuH−uLð Þ þ λ π3H−uH

� �
þ 1−λð Þ πL−p′ s3H

� �
uH

� �h i

Vlow ¼ 2 πL−uLð Þ
Vpermissive ¼ λ π1H þ πH−2uH

� �
þ 1−λð Þ π1L þ πL−2p′ s1H

� �
ρuH− 1−p′ s1H

� �� �
uL

h i
:

We can use the same superscripts in Vseverance and Vpermissive because the first order conditions are the same
dVpermissive

ds1H
¼ dVseverance

ds1H
¼ λ

dπ
ds1H

þ 1−λð Þ uL−2πuHð Þ dp
ds1H

¼ 0:
Let π1H = πH − J, π3H = πH − K, p′(s1H) = ρ − p1, p′(s3H) = ρ − p3.
V ′
severance

πH λ(3 − λ)
πL (1 − λ)(2 − λ)
uH − 2λ − (1 − λ)(2ρ(ρ − p1) + λ + (1 − λ)(ρ − p3))
uL (1 − λ)(ρ − p1)
λ − J + (3 − 2λ)(πH − uH) − πL + (ρ − p1)(2ρuH − uL) − (1 − 2λ)K
ρ (1 − λ)[(λ − 4ρ − 1)uH + uL]

V ′
low

πH 0
πL 2
uH 0
uL -2
λ 0
ρ 0

V ′
permissive

πH 2λ
πL 2(1 − λ)
uH − 2λ − 2(1 − λ)ρ(ρ − p1)
uL − (1 − λ)(1 − (ρ − p1))
λ − J + 2πH − 2(1 − ρ(ρ − p1))uH − 2πL + (1 − (ρ − p1))uL
ρ (1 − λ)((−4ρ + 2p1)uH + uL)
We can now rank the size of the derivatives with respect to each variable: ■
Rank

πH V ′severance > V ′
permissive > V ′

low

πL V ′
low > V ′

permissive > V ′severance

uH V ′
low > V ′

permissive > V ′severance

uL V ′severance > V ′
permissive > V ′

low

λ V ′severance > V ′
permissive > V ′

low

ρ V ′
low > V ′

permissive > V ′severance
The above proof shows that, depending on parameters, any of the three schemes – only hire low, hire both and fire, and hire
both and do not fire – can be optimal. The derivatives of the value functions also show that the permissive contract will only be
optimal for “middling” values of all parameters. In fact, it is difficult to find parameters for which it is best. Note that in the above
three examples, permissiveness is only best by a very small amount if at all. This is not because of some particular choice of
parameters: this is, in general, true. Because it is best for middling values and because the size of the set of those values is small, it
will never be significantly better than either other type of contract.

In order to state “how often” each contract would be best, we would need some distribution of parameters uL;uH∈R;λ∈ 0;1ð Þ
and some distribution of the function π in the space of functions satisfying out assumptions. We do not do this here. However, just
to get some idea of how unusual it is for permissiveness to be optimal, we can assume s1H ≅ s3H ≅ sH and therefore parameterize π
by stating πL, πH and ρ. If we let πH = 1, then let ρ and λ be distributed uniformly over (0, 1)2, let πL be uniform over (ρ, 1), let uL
be uniform over (0, πL) and let uH be uniform over (πL, 1), Monte Carlo simulations from this distribution yields permissiveness
being optimal roughly .48% of the time.
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