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Abstract

This paper develops a theory of moral hazard in which the agent takes the role of strategic
decision-maker. Career concerns give rise to preferences oversrisk; which in turn create an
incentive for the agent to manipulate the project’s risk-return tradeoff to the disadvantage
of the principal. The resultant moral hazard can be.ameliorated by an incentive contract.
The optimal non-decreasing wage involves granting ‘in-the-money’ options. In the context
of academic tenure, the optimal tenure standard requires the agent to exceed expectations,
and lies within one standard deviation of the expected outcome.
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1 Introduction

In the principal-agent literature, moral hazard refers to the problem of directing an agent’s
actions when those actions are either unobservable, or cannot be contracted upon. The
usual analysis focuses on the problem of motivating an agent to exert effort (early references
include Mirrlees, 1976, 1999; Holmstrom, 1979; Rogerson, 1985). In contrast, moral hazard
that emerges when the agent’s role is to be the strategic decision-maker for, a/project, has
received relatively little attention.

The problem of moral hazard in strategic decision-making is; perhaps, nowhere more
evident than in the case of a firm’s CEO. The CEQ is hired by~the owners of the firm to set
and implement a strategic direction for their firm. Among the many strategic decisions facing
the CEQO are pricing the firm’s products, selecting the‘size of production runs, developing an
R&D strategy, and choosing which markets to contest. Any failure by the CEO to take these
decisions in the best interests of shareholders can/create substantial costs for the owners of
the firm.

In this context, effort motivation is unlikely to be a primary concern for the firm’s owners.
As Holmstrom and Ricart i Costa, (1986) argue, senior managers are not typically effort
averse. Indeed, in many ways{ the career path to senior management seems designed to
identify individuals whe experience a particularly low disutility of effort. Rather, the firm’s
owners are more likely to be concerned with the CEQ’s level of ability and attitude to risk.

A dedicatedtheory,of moral hazard in strategic decision-making is required because strate-
gic decision-making has three characteristics that distinguish it from the standard effort

motivation problem:

1. The strategy that maximises the expected return lies in the interior of the choice set:
In strategic decision-making, more is not always better. For example, the optimal ca-
pacity for a factory is unlikely to be the maximum capacity that a firm can construct.

Likewise, the research project with the highest expected return (academic or commer-



cial) is unlikely to be the most ambitious project available. In order to capture this
characteristic, the assumption employed in this paper is that the expected outcome of
a project is concave quadratic in the strategy chosen by the agent, with a maximum in

the interior of the choice set.

2. There exists a trade-off between risk and expected return: Another commenifeature of
strategic decision-making is that the chosen strategy jointly determines,a project’s risk
and expected return. To capture this feature, it is assumed that the standard deviation
of the project’s outcome is linear and increasing the strategy. When combined with the
interior optimum, this assumption lends itself to the characterisation that low strategies

are ‘too safe,” while high strategies are ‘too risky.’

3. The agent is indifferent between the available strategies: In principle, the strategy
chosen by the agent need have no direct impaction her utility. In terms of the agent’s
time and effort, one strategy need be ne mote costly to implement than another. While
this is certainly a strong assumptionjuit.is useful insofar as it isolates the indirect effects
of the agent’s choice of strategyn Specifically, the way in which the choice of strategy

impacts on the agent’s career eoncerns and compensation.!

One might reason that _moral hazard would not be a significant factor in strategic decision-
making. Given that asCEQ’s future career prospects tend to be linked to the performance
of their firm, bothithe’CEO and shareholders share a common incentive to maximise the
firm’s profits.,However, as Holmstrom and Ricart i Costa (1986) (see also Holmstrom, 1999)
demonstrate, a CEQ’s career concerns can also give rise to preferences over the firm’s level
of risk. This in turn creates an incentive for the CEO to manipulate the firm’s risk-return

tradeoff to the detriment of the firm’s owners. Empirical evidence of such an effect has been

!Contrast these features with those of the standard effort motivation model. In the standard treatment,
more effort is assumed to always improve the outcome of a project in the sense of first-order stochastic
dominance (see Milgrom, 1981, for a discussion). The effect of effort on project risk is thus irrelevant as
any second-order effects are dominated by the first-order effects. Moreover, the agent is assumed to be
effort-averse, creating a tension between the preferences of the principal and agent out the outset.



found by Chevalier and Ellison (1999), amongst others.

The two papers in the prior literature that come closest to addressing the problem of moral
hazard in strategic decision-making, are Holmstrom and Ricart i Costa (1986) and Manso
(2011). In Holmstrom and Ricart i Costa (1986), a manager must choose whether or not
to commission a risky project. They show that, absent appropriate incentives, thé manager
may reject a project with positive expected profits if failure would provide a negative signal
of the manager’s talent, harming the manager’s future earnings. In a similarwein, Manso
(2011) investigates the problem of motivating a manager to exploreisky new technologies,
when it is possible to exploit existing technologies with well known characteristics. In both
papers the authors show that the optimal contract must toleratesfailure (at least early on in
the agent’s career) in order to encourage the agent to take risks as desired by the principal.
These results are predicated on the assumption that _the principal can and will guarantee
continued employment, pay and conditions forthe agent, regardless of her performance; an
assumption that is at odds with this paper’sumotivating examples of firm CEOs and tenure
track faculty.

This paper builds on these earlier works by considering a richer class of strategic decision-
making problems, more akin to the types of strategic decisions that are regularly studied in
the Industrial Organization.and Strategy literatures. Whereas Holmstrom and Ricart i Costa
(1986) and Manso (2011) each consider binary decisions by the agent, in this paper the agent
choses a strategy‘from a continuum. This allows for the marginal effect of the agent’s actions
on the proje¢t’s risk-return tradeoff, to be analysed.

A further difference from the prior literature is that the only tools available to the principal
are assumed to be single-period outcome contingent contracts. Neither the principal nor the
agent can make ex-ante commitments to future employment on which they may subsequently
wish to renege. Thus the principal cannot ‘insure’ the agent’s career against failure in the
manner of Holmstrom and Ricart i Costa (1986) and Manso (2011). Instead, the remedies

for the moral hazard problem must be housed entirely within the current period’s contract.



The non-monotonic likelihood ratio that arrises from the model, at once predicts ‘in-the-
money’ option contracts for executives, and tenure standards the require faculty to exceed
expectations.

The paper proceeds as follows: The career concerns model, adapted from Dewatripont,
Jewitt and Tirole (1999a,b), is presented in section 2. A risk-averse agent lives and“works for
two periods. Each period the agent seeks employment in the labour market. Ahe employers
in the the labour market are the owners of projects who require the specialised skills of an
agent to select and implement a strategy for their projects.

In section 3 it is shown that the agent’s indifference between the strategies in the choice
set implies that the first-best outcome is achievable in the 'seeond and final period of the
game. If the agent is offered a fixed wage contract then, insulated from the project’s risk,
she will weakly prefer to implement the strategy that maximises the expected outcome.

In contrast, the agent’s first-period behaviour. willybe influenced by the risk preferences
derived from her career concerns. The labour market uses the outcome of the agent’s first-
period project to update its beliefs about\the'agent’s talent. In turn, these beliefs determine
the agent’s second-period wage. /In this way, the risk-averse agent is exposed to the risk
associated with her first-period projeet, creating an incentive for her to select a risk-averse
strategy at the expense ofithe expected outcome.?

The problem of ufilising an incentive contract to ameliorate the first-period moral hazard
problem is considered in'section 4. An incentive contract influences the agent’s behaviour
by rewarding outcomes that are indicative of the agent choosing the desired action. In the
strategi¢ decision-making problem, extreme outcomes, both high and low, become more likely
if thesagent implements a risky strategy. Conversely, moderate outcomes are indicative of
the agent adopting a risk-averse strategy.

There are a number of practical problems associated with a contract that pays the agent

a high wage when her project produces a low outcome, and a low wage when the project

2In contrast, Dewatripont, Jewitt and Tirole (1999a,b) explore the extent to which career concerns moti-
vate the agent to exert effort in the first period, absent an incentive contract.



performs more or less as expected. Notably, a wage that rewards failure in this way, creates
an incentive for the agent to sabotage the project or implement a perverse strategy. A
straightforward solution is to impose an additional constraint on the contracting problem,
requiring that the agent’s wage be non-decreasing in the project outcome.

The optimal non-decreasing wage involves granting the agent ‘in-the-money’ options on
the project’s outcome. The discount at which the options are offered is increasing im both
the risk associated with the project, and the magnitude of the moral hazéard preblem.® This
result also highlights the costs of tax policies that penalise in-thesmoney options. Such
policies prevent the principal from exploiting the information present in’a range of project
outcomes, and result in incentive contracts with higher cost totheprincipal or lower incentive
power (or both).

Another principal-agent relationship in which there may exist moral hazard in strategic
decision-making, is the relationship between universityyand academic. High quality research
output requires risk-taking. However, tenurestrack faculty may prefer to ‘play it safe’ with
their research agenda, minimising the risk of'a failed project that would damage their future
employment prospects. In this relationship, the prize of academic tenure creates incentive
that can be used ameliorate/the. moral hazard problem. The optimal tenure-standard is
derived in section 5. The optimal standard requires the agent to exceed expectations, and
lies within one standard deviation of the expected outcome.

The paper concludes with a discussion of the results.

2 The ecareer concerns model

The ‘career concerns model employed in this paper is adapted from Dewatripont, Jewitt and
Tirole(1999a,b). An agent lives and works for two periods. Each period the agent seeks

employment in the labour market. The employers in the labour market are the owners of

3Within the moral hazard literature, option contracts have previously been shown to be optimal in the
presence of loss aversion (de Meza and Webb, 2007) and bounds on payments (Jewitt, Kadan and Swinkels,
2008). In each case the problem under consideration was motivating an agent to exert effort.



First Period

Each prospective employer offers

the agent a contract The agent accepts her most

The agent chooses a strategy (s) . preferred contract

for the principal’s project The project’s outcome (z) is

Players use = to update beliefs observed by the labour market

regarding the agent’s talent (6) >

Second Period

Each prospective employer offers

the agent a contract The agent accepts her most

The agent chooses a strategy for preferred cqntract

the principal’s project
< The project’s outcome is observed

Figure 1: The Manager’s Career

projects, the principals in the principal-agent problem. Each principal requires the specialised
skills of an agent to oversee the completionief a project.

Contracts in the labour marketiapply for a single period. Neither the agent, nor the prin-
cipal, can make commitments i the first period that dictate employment, wages or behaviour
in the second period. Hewever, because the agent must re-enter the labour market following
the first period, her secend-period career concerns create incentives that may influence her

first-period behaviour.

2.1 Timing

The timing of the model, illustrated in figure 1, is as follows: The first-period begins with

the labour market. Prospective employers approach the agent with take-it-or-leave-it offers

of a contract. The agent reviews the contracts on offer and accepts her preferred contract.
Following the labour market, the agent commences work on the principal’s project. The

agent’s task is to select a strategy for the project and oversee its implementation. The agent’s



actions are hidden from both the principal and the wider labour market.

The project’s outcome is realised at the end of the first period. The outcomes is stochastic
and contingent on both the strategy implemented by the agent, and the agent’s talent. All
labour market participants, including the principal, observes the project’s outcome and use
the outcome to update their beliefs regarding the agent’s talent.

The agent comes out of contract between periods, re-entering the labour-market,at the
start of the second period. The second period proceeds with the same timing,as the first.
The only difference between periods is that there is no need for the market to'update beliefs
regarding the agent’s talent at the conclusion of the second period as this is the final period
of the agent’s career.

Note that the assumption that the agent re-enters the labour market following the first
period, does not preclude the agent from being employed by the same principal in both
periods. Rather, it requires the principal to match the agent’s best outside offer, following
her first-period performance, if the principalis to retain the agent’s services in the second
period. Moreover, it allows for the agent to lose her position if first-period performance

indicates that the principal would’be better off replacing her.

2.2 The agent

The agent is risk-averse and motivated only by the wages she receives over her career. Specif-

ically, the agent’slifetime-utility takes the form,
Ulw,0) = ulw) + du(v), 1)

where w and-v are the agent’s first- and second-period wages respectively, and ¢ € (0,1) is
the agent’s discount factor. The agent’s utility is strictly increasing concave in the wages she
receives (u/(+) > 0 and u”(-) < 0).

A key assumption of this paper, outlined in the introduction and implied by (1), is that
the agent’s utility is independent of the actions she takes on a project. In other words, it is

assumed that the agent does not have innate preferences over the set of available strategies.
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Also implicit in (1) is the assumption that the agent can neither borrow against future
earnings, nor save for future consumption. This assumptions is not necessary, but does
simplify the analysis considerably.

The agent’s productivity on a project is, in part, determined by her innate talent 6 € R.
However, knowledge of the agent’s talent is imperfect. At the start of the first_ period, all
labour market participants share the agent’s prior belief that ¢ is drawn frem thewormal

distribution with mean # and variance o2

. The assumption of a commonprior, is standard
in the career concerns literature as it removes adverse selection fromthe model (Holmstrom,
1999; Harris and Holmstrom, 1982; Holmstrom and Ricart i Costaj, 1986;, Dewatripont, Jewitt

and Tirole, 1999a,b).

2.3 The agent’s role in the project

The agent’s task on a project is to select and implement a strategy s from the set of all
viable strategies S, where S is an interval@n RY{,. The outcome of the project x € R, is
then a function of the agent’s choice of“strategy s, the agent’s talent 0, and a random shock
e ~N(0,1).* Specifically,

2

x:sw—%+9+se, (2)

where the parameter is assumed to lie in the interior of S. It follows that z is, itself, a

normally distributedyrandom variable with probability density function (PDF),

1 (z—sw+%32—0)2
e 252

f<x|879> =

21s

Given the'exante uncertainty over the agent’s talent, the PDF of the marginal distribution

can be written,

. 1 (z—sm+%32—§)2
f(];’s) R —— S TP E2)) ,
2m(s? 4+ 02)

which likewise is normal.

4That is to say, the shock ¢ is drawn from the standard normal distribution.
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Figure 2: PDFs with s < s’ < &

This production technology captures the two key featurés of strategic decision-making

described in the introduction. The expected outcome;
1, =
E[z|s] = sww— zs +0,

is strictly concave in s. While thestrategy’'s = w, which maximises the expected outcome,
lies in the interior of the choieé seti, At the same time, there exists a tradeoff between risk

and expected return as thé varianee of the marginal distribution,
Var|z|s] = s* + 02,

is strictly increasingiin s.

Figure 2 illustrates how the tradeoff between risk and expected return affects the shape
of the marginal distribution’s PDF. If the agent selects a low strategy s < w, the variance
of the marginal distribution is low. The bulk of the PDF is tightly spaced around the
expected outcome. If instead the agent selects a higher strategy s’, that lies closer to w,
both the expected outcome and the uncertainty surrounding that outcome will likewise be
higher. Notice that the tails of the distribution are thicker with the strategy s’. Extreme

outcomes, both high and low, become more likely as the strategy, and hence the project
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risk, increases; while intermediate outcomes become less likely. Not illustrated in figure 2 are
the consequences of increasing the strategy past w. In this range the variance continues to
increase in s, while the expected outcome begins to decline.

The tradeoff between risk and expected outcome, captured in (2) and illustrated in figure
2, plays an important role in a number of principal-agent relationships. Some prominent
examples include:

Firm Management: The owners of a firm grant a manager considerable ‘autonomy to
determine the strategic direction of the firm. For example, the manager may ‘be responsible
for choosing the capacity of a new factory, the quality of a new product, or the rate at which
the firm expands its operations. In each of these problems thesexpected profit maximising
strategy typically lies in the interior of the choice set«. At the same time, the manager’s
decision is likely to affect the amount of risk carried by the firm. For example, in the face of
uncertain demand, large scale expansion is likely,to bépriskier than small scale expansion.

Research and Development: When embarking on a project, a researcher must decide
on how far to push beyond the existing technological /knowledge frontier. Research projects
that lack ambition are unlikely to léad te interesting /profitable results, while overly ambitious
projects are unlikely to be sutccessfuly” Once again, the choice that maximises the expected
outcome typically lies in‘the interior of the researcher’s choice set. At the same time, the
further the project véntures into the unknown, the riskier it becomes.

Creative Endeavours:’ The producers of creative works — writers, musicians, film makers,
and the like — face the decision of how much novel content to include in new work. Lack
of novel’ content is unlikely to lead to commercial success as consumers have “seen it all
before:.”.  However, too much novel content can make a work inaccessible to consumers.
Because consumer reaction to novel content is uncertain, the more novel the project, the

riskier it becomes.
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Figure 3: Likelihood ratio with s < w

2.4 Strategy, talent and outcomes

The rate at which an outcome becomes relatively. more likely as s increases is captured by
the likelihood ratio. The likelihood ratio reveals additional characteristics of the relationship
between the strategy chosen by the agent and the outcome of the project. It also plays an
important role in the construction of incentives contracts (see sections 4 and 5). Formally,
the likelihood ratio is found by takingthe partial derivative of the marginal distribution with
respect to s, and dividing through by f . This yields,

folz]s) Alx - sw+ s —0)? W@ -swtgst=0) s )

f(a:\s) (s2 4 02)? 52+ 02 52 4+ o2’

which is a convex quadratic in x for all s,w € S. The likelihood ratio is illustrated in figure
3.

The convex quadratic shape of the likelihood ratio confirms that, for all parameter values,
a marginal increase in s makes extreme outcomes more likely while intermediate outcomes
become less likely. It follows that extreme outcomes, both high and low, are indicative of
risk taking, while intermediate actions are indicative of a risk-averse strategy choice.

The non-monotonicity of the likelihood ratio also has implications for the way in which

decision-makers rank the strategies within S. It follows from Milgrom (1981) that given any
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two strategies s,s' € S, the resultant marginal distributions f(z|s) and f(z|s'), cannot be
ranked in the sense of first-order stochastic dominance. As demonstrated in section 3, this
means that the principal and agent may have different preferences over the choice of strategy,
even where their respective payoffs depend only on the outcome, and are strictly increasing
in the outcome.

The outcome of the agent’s first-period project also carries information that allylabour
market participants can use to updates their prior beliefs about the agent’s talent. Given
that both the prior beliefs and shock e are normally distributed, the. first-period posterior
will likewise be normally distributed with mean,

(s7)%0” (é x—s*er%(S*)g).

(s*)2 4 02 o2 ()2

El0)2] =

(4)

In this expression s* is the solution to the agent’s first=peried optimisation problem. That
is, the strategy the market infers that the agent selected. The expectation in (4) is then
the average of the prior expectation, and that part of the observed outcome that cannot be
explained by the agent’s inferred actiony'weighted by the inverse of the variances of the prior
and outcome respectively.

The expectation of the first-period posterior has two features which drive the agent’s
career concerns: First, using (2)ito/substitute for z into (4), and taking the expectation with
respect to the margimaldistribution, demonstrates that the posterior has the Martingale
property,

E[E[f]x]|s*] = 6.
Second, ffor all s*,w € S, the mean of the posterior is strictly increasing and linear in the
obseérved outcome x. In other words, the higher the outcome the agent produces in the first

period, the more talented the agent is regarded in the second-period labour market.

2.5 The principal

The final element of the career concerns model is the principal, the owner of the project. The

principal’s payoff is the project’s outcome net of the wage paid to the agent. It is assumed

12



that the principal is risk-neutral as the principal is able to diversify risk across numerous

projects.

3 Moral hazard

Moral hazard arises in the model when there exists a tension between the preferences of the
principal and agent. In this section it is shown that no such tension exists in the second

period, however career concerns create divergent preferences over risk in the first-period.

3.1 First-best in the second period

The second period is the final period of the agent’s (working)life.and as such career concerns
do not influence the agent’s behaviour in this periodd Because the agent has no innate
preferences over the strategies available to a firm, it is possible to achieve a first-best outcome
in the second period.

To see this, first note that the agent prefers a fixed-wage contract over an incentive
contract with the same expected wage,~aswa, fixed-wage contract insulates the risk-averse
agent from risk. Prospective employers in the second-period labour market thus have no
reason to offer the agent an outcome eentingent contract, as the agent already weakly prefers
to implement the strategy that maximises the project’s expected outcome. This is first-best
risk sharing, as the sisk-neutral principal carries all the risk, and results in the first-best
strategy choice.

The magnitude, of the agent’s second-period wage is of significance. In a competitive
labour market the agent’s second-period wage will be her (expected) marginal product; the
expeeted outcome of her second-period project given that she implements the strategy w.
In turn, this expectation depends on the first-period posterior beliefs concerning the agent’s

talent. It then follows from (2) and (4) that the agent’s second-period wage will be,

w2 w2 (5*)202 g T — s*wW + l($*>2
= — E _ IS R 2
v 2 + [0‘1‘] 2 + (8*)2 +0-2 (0-2 + (S*)2 ) ’

13



where z is the outcome of the agent’s first-period project, and s* is the solution to the agent’s

first-period optimisation problem.

3.2 Moral hazard in the first period

The dependence of the agent’s second-period wage on her first-period outcome creates career
concerns for the agent in the first period. At first glance it may appear as though the agent’s
career concerns align her incentives with those of the agent’s first-period emplayer. After all,
(5) states that the agent’s second-period wage is linear and strictly increasing i the project’s
outcome. However, this reasoning neglects the fact that the agent’s career concerns expose
her to the risk associated with z.

When the agent selects a strategy in the first period, the impact of this choice on the

expectation of her second-period utility is given by thefunetion,

W(s) = (5/Ru (“’; L (80 <% wloyet %(S*>2)> f(xs)de. (6)

(5*)2 _|_0—2 (S*)2

Two important characteristics of this career congerns function are established in the following

proposition.
Proposition 1. For all s* €5, thevagent’s career concerns have the following properties:
(a) The function (s)dis strictly concave in s.

(b) The action s, = argmax g1 (s) is unique and strictly less than w.

Proof. The proof of (a) is adapted from the discussion in section 3 of Jewitt (1988). Define
the function,
s -
g(s,e) = sw — 5+9+35.

Expressed in this way, g(-) is the outcome z, described as a function of the agent’s action s,
and a random variable ¢ ~ N(0,1). Note that, for all ¢ € R, g(-) is strictly concave in s.

Now define,




Given that a strictly increasing concave transformation of a strictly concave function is, itself,

strictly concave, h(-) is likewise strictly concave in s for all ¢ € R. Moreover,

S E[h(s, )] = ¥(s),

is strictly concave in s as the sum of strictly concave functions is strictly concaves
For (b), first note that the agent’s second-period utility is strictly increasingy andistrictly
concave, in the first-period outcome x. Moreover,
9 Elz|s] =0 and 2\/aur[x|s] = 2w™> 0.
s — Js y
It follows that 9'(w) < 0 as a marginal decrease in s, in the neighbourhood of s = w, reduces
the variance of x without altering the expectation of 4. The result then follows from the

strict concavity of 1(s). O

The intuition behind proposition 1 is straightforward. It has already been established that
the agent’s second-period wage is strictly increasing in the observed first-period outcome.
This means that the agent is exposed to the risk associated with this outcome. But risk is
costly for the risk-averse agent to bear. It follows that, to some degree, the agent is willing to
sacrifice the expected outcometo reduce the project’s risk. Given that, in the neighbourhood
of w, marginal changes in syaffect the variance of the outcome but not the expectation, it
must be the case that the agent prefers a strategy s, that creates less project risk than w.

Propositionn] ‘establishes the existence of a moral hazard problem in the first period.
The principaliwould like the agent to implement the strategy w that maximises the expected
outcomey while the agent prefers the strategy s,. Thus, from the concavity of ¢ (-), it follows
that thereexists a tension between the preferences of the principal and agent on the interval
[sy,w].” Given that the agent’s choice of strategy is hidden, the only means by which the
principal can influence the agent’s actions is an incentive contract. The next two sections

derive features of the optimal contract given various constraints on the contracting problem.

50f course, the preferences of the principal and agent are aligned outside of this interval.
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4 Contracting

In section 3 it was established that in the first period, the principal wants the agent to take
on more risk than the agent would prefer, given her career concerns. One solution to this
problem is to offer the agent an outcome contingent contract in the first period. An incentive
contract influences the agent’s behaviour by rewarding outcomes that are indicative of the
agent choosing the desired action. The outcomes that are indicative of risk<taking are those
outcomes for which the likelihood ratio takes a high value.

The link between the likelihood ratio and the optimal contract is,a common feature
of moral hazard problems. Indeed, in many moral hazard preblems.the optimal contract
is some strictly increasing transformation of the likelihood\ratio (see for example Mirrlees,
1999; Holmstrom, 1979; Rogerson, 1985; Jewitt, 1988). The likelihood ratio described in (3)
and illustrated in figure 3, is convex quadratic in the project’s outcome. It follows that any
wage constructed as a strictly increasing transformation of the likelihood ratio, results in a
wage that is strictly quasi-convex in the outcomey and in which extreme outcomes, both high
and low, are rewarded relative to intermediate outcomes. This means paying the agent a
higher wage for a project that is ayfailure, than for a project that performs more or less as
expected. There are a number of practical reasons why the principal may be unwilling to

write a contract that rewards,failure in this way.

1. Perverse strategy,choice: A wage that is decreasing in firm profits over some range
may encourage a perverse choice of strategy. If the contract places a sufficiently high
reward on poor outcomes, and the set of available strategies S is sufficiently broad,
the agent has an incentive to implement a strategy that produces low outcomes with
high probability. That is, there is an incentive for the agent to select a very high or
low value of s. This issue arises because the standard approach to finding the optimal
contract identifies an interior (local) maximum. However, if the agent’s first-period

choice problem is not globally concave, the global maximum may lie on the boundary
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of the choice set.

2. Sabotage: In each of the principal-agent relationships that motivate this model, it
is likely that the agent will learn of the project’s outcome before it is revealed to
the principal and the market as a whole. Moreover, the agent may be able to take
hidden actions, such as generating additional costs or engage in other ‘money burning’
activities, that reduce the outcome before it is revealed. Once again, the agent has an

incentive to damage the project if the rewards for doing so are sufficiently large.

3. Cultural prohibition: Many societies hold to the principal ghat suecess should be re-
warded. Both the punishment of success and rewarding of*failure are regarded as
perverse outcomes. Social attitudes are particularly relevant in the context of pub-
licly traded firms. Shareholders are unlikely to cendone executive compensation that

rewards low profits and losses, relative to_higher profit outcomes.

The three issues outlined above are only of\cencern if the agent’s contract specifies a wage
that decreases in the outcome over some range. A straightforward solution to these problems
is, therefore, to impose a constraint on the contracting problem requiring that the agent’s

wage is non-decreasing in thé,outcome.

4.1 The principal’s problem

The structure oféthe contracting problem is familiar. The principal selects an outcome con-

tingent wagelw(z), and strategy s* € S, in order to maximise the net return from the project,

max /R(a: - w(a:))f(z']s*)dx

w(x),s*
The principal’s choices of w(x) and s* are subject to three constraints. First, the participation
constraint states that the expected lifetime utility the agent receives by taking the contract

must be at least as great as her outside option U,
/u(w(m))f(x|s*)dx +(s*) > U. (PC)
R
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Note that the agent’s lifetime utility comprises the utility the agent receives from her first-
period wage, and her discounted expected second-period utility, captured by the career con-
cerns term 1 (s*).

Second, the incentive compatibility constraint states that the strategy s* must be optimal
for the agent given the structure of the wage and the agent’s career concerns. Bécause the
principal wants to implement a strategy that lies between the agent’s preferred strategy s,
and the expected outcome maximising strategy w, s* will lie in the interior of the agent’s

choice set S. It follows that s* must satisfy the first-order condition,

/Ru(w(x))fs(ﬂs*)dx + ' (s*) =0 (IC)

Finally, the wage must be selected from the family of nen-decreasing functions on R. That

is,
w'(x) 20 (MW)
This constraint is henceforth referred to as the ‘monotone-wage constraint.

4.2 The optimal contraect

Let A and p be the Lagrange multipliers for (PC) and (IC) respectively. Consider the con-
tracting problem with" (MW ) removed. The solution is for w(-) to be defined implicitly by

the familiar equation,

w(w@) T sy

Given that the lefthand-side is increasing in w(-), it follows that w(-) is itself increasing (resp.

1 oy fo(z|s)

decreasing) in x wherever the likelihood-ratio is increasing (resp. decreasing) in x.

Now consider the problem with (MW) included. Let z,, represent the outcome that
minimises the likelihood ratio; the turning-point of the quadratic equation described in (3).
(This outcome is illustrated in figure 3.) Given that the likelihood ratio is decreasing in z

for all © € (—00, Tmin), it follows that (MW) binds on this interval, and is slack elsewhere.
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Therefore, the optimal contract can be characterised by the equation,

' fs(z]s")

A + MU= iy Z Lmin

1 f(z]s*)
u’(w(x)) = R : (7)
A + MM T < Tmin

\ S (Zmin|s*)

Notice that the effect of (MW) is to censor the optimal contract.® The resulting contract is

option-like; delivering a fixed payment for outcomes below x,;,, and strictly increasing in x

past this point.

Proposition 2. The optimal non-decreasing wage contract is option-like with a ‘strike-price’

at,

P = Blals™] = 5 ()7 ) ©)

The optimal strateqy s* s strictly less than w.

Proof. 1t is first necessary to establish that'h and p are strictly positive. For A > 0: Taking

expectations of both sides of (7) yields;,

~

/Ru/( 1 — f(x[s")dz = )Hr/ . uwf(ﬂs*)der/ [ A<x|8*)f($|8*)dx.

w(x)) 50/ f(xminls*) emin S (2|5%)

Using the fact that [; p fudz =0, and solving for \,

1 £ . o (0 f(a]s%) o (Zamin57)
A= | ——=flz|s")dx - — U= z|a,r)dr > 0.
/Ru,(w(m))f(l e+ [ <Mf<$|s*) uf(xmin|s*>>f(| )z >

The inequality follows because x,, is the minimum point of u fs / f )

For > 0:"Multiplying (IC) by its Lagrange multiplier yields,

[ B i <yt ()

Given that the expectation of the likelihood ratio is zero, this equation can be restated as,

(zs)
Cov |u(w(x)), p=
[ )b e

S*] = —p'(s7). (9)

SIn this respect, (MW) functions in much the same way as the upper- and lower-bounds in Jewitt, Kadan
and Swinkels (2008).
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From (7) it follows that u(w(x)) and pufs/f covary in the same direction on [# i, 00), and are
unrelated on (=00, Zy) as u(w(z)) is constant in this range. Therefore, the lefthand-side
of (9) is strictly positive. Given that s* > sy, it follows from proposition 1 that ¢’(s*) < 0,
and therefore p > 0.

The value of x,;, can be established by taking the partial derivative of (3) with respect

to z,

Or \ f(x|s)

(s2 4 02)2 2402
Setting this equation equal to zero, and solving for x yields (8).

For s* < w, first note that for each marginal increase in s*, there/ must be a marginal
increasing in the risk carried by the agent. Given that (PC) binds, and that risk is costly
for the agent to bear, each marginal increase in s*, margially increases the expected cost to
the principal of the agent’s contract. It then follows from the symmetry of E[x|s*] around w,
that any expected outcome that can be implemented by a strategy greater than w, can be
implemented by a strategy less than w at lower cost to the principal. The case s* = w can
be excluded as, in this neighbourhood, a marginal decrease in s* will marginally decrease the

cost of the agent’s contract without affecting the expected outcome. OJ

Imposing the monotone wage constraint on the contracting problem prevents the principal
from exploiting all theéWinformation present in the project’s outcome. The optimal non-
decreasing wage eontract’s incentive structure is tied only to those outcomes at which the
likelihood ratio is nem‘decreasing. The information carried by all remaining outcomes must
be discarded.

The outcome that serves as the ‘strike-price’ for the contract is xpyi,. Intuitively, znin
is the/outcome that is most indicative of the agent implementing a risk-averse strategy.
The likelihood ratio is monotone increasing on the interval [T, 00) and, therefore, on this
interval higher outcomes are rewarded with higher wages.

The location of z,, is of interest. Rearranging (8) reveals that z,, is strictly less than

the expected outcome, and that the amount by which the strike-price is discounted relative
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to expectations is,

w — s*

E[z|s*] — xmn = ((s*)2 + 02)

N | —

8*

This discount is increasing in both the variance of the marginal distribution, and the propor-
tion by which the expected profit maximising strategy w exceeds the strategy implemented
by the agent s*. The second term can be interpreted as a measure of the seyeérity of the

moral hazard problem.

4.3 In-the-money executive stock options

Suppose that the owners of a firm (the principal) want to constructian executive compensation
scheme to address the moral hazard in strategic decision-making by the firm’s CEO (the
agent). Suppose further that = represents the share prige of the firm at the end of the first
period. Stock options allow the owners to link executive compensation to the share price,
while discarding the information associated witharealisations of x below the strike-price.
Proposition 2 demonstrates that the optimal\strike-price lies below the ex-ante expec-
tation of the firm’s vesting date share price:s This implies that, on the date of issue, it is
optimal for managers to be ‘in-the-money,” with the strike-price below the prevailing share
price. In-the-money stock options allow the owners of the firm to utilise the information
present in share prices thiag lie between x,,;,, and E[z|s*]. Conversely, this information, and
the incentives associated with its exploitation, are lost if the options are priced ‘at-the-money.’
It is also possible to’say something about how the magnitude of the optimal discount
varies across firms and industries. In industries in which there is relatively little share price
volatility, or in which the actions of management are relatively transparent (limiting the
moralshazard problem), proposition 2 states that the optimal strike-price is relatively close
to theshare price on the date of issue. Conversely, if a firm’s share price is highly volatile,
or if the actions of management within the firm are opaque, the strike-price should be more

generous.” In the presence of very high risk, proposition 2 implies that instead of options,

"Morgan (2002) calculates a measure of firm ‘opacity’ for a range of industries.
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managers should be vested with stock, effectively options with a strike-price of zero.

Finally, proposition 2 highlights the costs of taxation policies that penalise in-the-money
options relative to at-the-money (or out-of-the-money) options. Suppose that the tax treat-
ment of in-the-money stock options is so unfavourable that no manager is willing to accept
a contract with a strike-price below E[z|s*]. For any given number of stock optionis, raising
the strike-price from z,;, to E[x|s*] reduces the incentive power of the compensation seheme.
With weaker incentives, the manager will implement a more risk-averse strategy. than would
be the case under the optimal contract.

To counter this effect, the firm can increase the incentive power of the compensation
scheme by issuing a greater number of options. It is straightforward, to see that this solution is
not optimal. If it were, w(x) = w(E[z|s*]) for all z € (—e¢, E[2}s*]) would be a solution to the
contracting problem, and it is not. Intuitively, the optimal contract exploits the information
present in share prices in the interval [z, Efwfs*]). yThese outcomes are relatively likely
as they are adjacent to the mean of the marginal distribution. It follows that they receive
significant weight in a manager’s optimisation problem. In contrast, an incentive scheme with
a strike-price of E[x|s*] relies more heavily on outcomes in the upper tail of the marginal
distribution. Because these outcomesiare less likely they receive lower weight in a manager’s

optimisation problem.

5 Tenure

Another principal-agent relationship in which strategic decision-making may give rise to a
moral hazard, is the relationship between university and academic. A researcher must decide
how \ambitious to make her research agenda. Significant contributions are unlikely without
significant risk-taking. However, early in her career, an academic may prefer to ‘play-it-safe’,
pursuing a marginal contribution that has a high probability of success. In academia, prizes
such as tenure and promotion are used to create incentives over an agent’s choice of research

strategy.
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5.1 A tenure-track agent

Suppose that in the first-period, the agent holds a tenure-track position. The principal in
this problem is the institution employing the agent, and the outcome is the quality of the
agent’s first-period research portfolio. The agent’s first-period wage w is fixed and negotiated
prior to her commencing employment at the institution. The agent’s second-peried wage is
determined by her value in the second-period labour market, given the first=period posterior
beliefs regarding her talent, as described in section 3.

In order to give the agent an incentive to engage in risky research, with a’higher expected
return, the principal awards the agent with a prize (tenure) if the quality of her research
portfolio exceeds a threshold level x.;. The prize is valuable to the agent, increasing her
utility by an amount Au > 0. It follows that the agent’s\first-period optimisation problem

is to,

max [u(w) + (1 — F(xcrit|5)) Au + w(s)} , (10)

ses
where F(Zqi|s) is the cumulative distribution function (CDF) for the marginal distribution,
evaluated at x.;. The mechanism’by which the principal influences the agent’s behaviour is
the choice of the threshold value)z v In words, x4 is the institution’s ‘tenure standard.’
The significance of x ¢ for the’agent’s optimisation problem can be seen in the first-order
condition implied by4(10),

r * wl(S*)
Fs(xcrit|3 ) = Au .

(11)

From preposition-1 it follows that the term on the right-hand-side of (11) is negative and de-
creasing for.all s* > s,,. Therefore, in order to motivate risk-taking, the principal must select
Zerit SUch that the term on the left-hand-side of (11) is likewise negative. The relationship

between . and the partial derivative ]:"s(xcrit|s*) is described in the following lemma.

Lemma 1. Let,

zo = Elz|s*] — ((s*)> + 0?) wo s

— (12)
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For all s* € S, the partial derivative Fs(:r|s*) has the following properties:

(a) On the domain (—oco,xy), Fy(x|s*) is strictly positive, strictly quasi-concave, with a

unique mazximum at,

v = \/ (5 (4o = ) ()2 + o), (13)

where Ty, is defined in (8).

(b) On the domain (x, 00), Fy(x|s*) is strictly negative, strictly quadi-convez, with a unique

minimum at,

Ty = Tin + \/(%((5*)2+02)w_8*> +((5*)% + 0?). (14)

(c) Fs(wo\s*) =0.

Proof. First note that F(—oco|s*) = 0 and F(co|¥*) = 1 for all s* € S, implies F,(—oo|s*) =

F,(co|s*) = 0. The partial derivative F4(@s*) can be written,

Eals) = [ Apdpax= [ ( f((;’j))> Fxls")dx.

Given that f(z|s*) > 0, Fy(x|s* )i strictly increasing (resp. decreasing) where the likelihood

ratio is strictly positive (resp.negative). Recall from (3), that the likelihood ratio is a convex
quadratic in z. At follows that ﬁ’s(x]s*) is strictly positive at low values of z, and strictly
negative for high values of x, with turning points corresponding to the zeros of the likelihood
ratio. From (3) it follows that the upper and lower zeros of the likelihood ratio are given by
(14)vand (13) respectively.

It only remains to locate the central zero of Fs(x|s*) Given that the marginal distribution

T —s'w43(s)? -0
14 erf ;
* ( 2((s*)? + 02?) )]
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is normal, the CDF can be written,

F(z|s*) =

N —




where erf(-) is the error function. Taking the partial derivative of F'(x|s*) with respect to s

yields,
. i . s* (x — s*w + %(5*)2 — é) A
FS($|S ) = <(S - w) - (S*)2 + o2 f(l"S )
Setting this equation equal to zero and solving for z yields (12). O

5.2 The optimal tenure standard

The institution’s goal is to maximise the quality of the research produced,by the agents it
employs. At any given time the institution employs numerous tenuré-track.faculty, allowing
the institution to diversify its risk across a range of research prgjects. jFor this reason it is
assumed that the institution is risk-neutral with regards to anygiven agent’s research agenda.
Finally, it is assumed that the institution has a weak preference to grant tenure. Thus, if
there are multiple tenure standards that implement=the institution’s preferred strategy, the
institution will always opt for the lowest standard.

At first glance it may seem odd to assumeithat, the institution has only a weak preference
over whether or not it grants the agent tenure. After all, tenure lines are scarce and granting
tenure to one agent typically means that the institution forgoes the opportunity to seek a
more promising replacement it the labour market. However, as demonstrated in the following
proposition, the optimal tenure standard requires an agent to exceed expectations. This
means that an agentiis only offered tenure if the institution’s beliefs regarding the agent’s

talent improve overthe, course of their tenure-track employment.

Proposition 3. The optimal tenure standard x .. is strictly greater than the expected out-

come, and_lies within one standard deviation of the expected outcome.

Proof.\ There are two cases to consider:
Case 1: There exists Tt € (o, x4] such that s* = w solves (11). In this case the institution
can implement the strategy that maximises the expected outcome. From lemma 1 it follows

that zei € (zo, 24] where zg and ;. are defined in (12) and (14) respectively. Substituting
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s* = winto (12) and (14) yields 2o € (E[z|w], E[z|w] + Vw? + 0?]. Here, the term vw? + o2
is the standard deviation of the marginal distribution.

Case 2: The highest strategy the institution can implement is s* € (Sy,w). From (11) and
the concavity of ¥ (-) it follows that in order to maximise s*, the institution must select i
to minimise Fy(Zeit|s*). From lemma 1 it follows that Fy(zeit|s*) achieves its minimum at

Terit = T4. Substituting (8) into (14) yields,

S*

vt = Blals] = 5 (77 +0%) S \/(% ((s7)2 +0%) = ;5) + (18)2 + 02),

from which it follows Z € <E[w\s*], Elz|s*] ++/(s%)* + 02). Here, the term +/(s%)2 + 02 is

the standard deviation of the marginal distribution. O

The intuition behind proposition 3 is straightforward.“¥Fhe tenure-standard that max-
imises the incentive power of the contract rewards ‘enly those outcomes in the upper tail
of the distribution that become more likely with”a marginal increase in s. That is, those
outcomes that lie above z, the upper zere,of the likelihood ratio (see figure 3). In the event
that such a contract would cause thesagent'to overshoot the principal’s desired strategy w,
the incentive power can be reduacediby lowering the tenure-standard. Lowering the standard
extends the reward to a range of outcomes in the centre of the distribution, that become less
likely with a marginal-4ncrease in s.

Proposition 3_.éstablishes two bounds on the optimal tenure standard. First, the optimal
standard is sét in exeess of the conditional expectation of the marginal distribution. This
means that thesagent does not expect to be granted tenure, even if she implement’s the
institution’s.preferred strategy. Put another way, an ambitious research agenda is not, in
and of'itself, sufficient to get across the line. Second, the optimal tenure-standard exceeds the
conditional expectation by less than one standard deviation. Thus while difficult to achieve,
tenure is ‘within reach.’

An immediate corollary of proposition 3 is that a tenure-standard that is easy to achieve,

has low incentive power, and may even encourage a perverse choice of action. To see this,
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consider what happens as x.; decreases from the optimum described in proposition 3. From
lemma 1 it follows that the left-hand-side of the first-order condition in (11) increases. In
turn, from the strict concavity of ¢(-) (proposition 1) it follows that the agent’s optimal
action decreases.

So long as ﬁs(xcrit|s*) remains negative, the tenure-standard encourages risk/taking to
some degree. Once x.; falls so far that Fs(xcrit|s*) becomes positive, the ineentive'ereated
by the standard discourages risk taking, and the agent’s optimal stratégy falls below s,.
That is, the strategy implemented by the agent is worse for the institution than would be the
case if tenure were either certain or impossible. From lemma 1 it follows that the outcome
at which this transition occurs is,

W Sy

]'2 ) 2 2
xcrit:s¢w—§sw+9—(s¢+a) Z

which is zy from lemma 1 evaluated at s* = s,. The worst possible tenure-standard, from
the institution’s perspective, is xi = r_. Again\from lemma 1, this is the standard at which

Fy(xeit]s™) is maximised.

6 Discussion

This paper develops a theory of,moral hazard in which the agent takes the role of strategic
decision-maker. Whilethe agent has no innate preferences over the set of available strategies,
her career concerns giveyrise to preferences over risk, which in turn create an incentive for
her to manipulate the’project’s risk-return tradeoff to the detriment of the principal.

Two mmethodsfor ameliorating the moral hazard problem are investigated. The optimal
non-decreasing wage contract involves granting the agent ‘in-the-money’ options. The dis-
countyat which these options are offered is increasing in both the risk associated with the
project and the magnitude of the moral hazard problem. If, instead, incentives are created
for the agent through the award of academic tenure, the optimal tenure standard requires
the agent to exceed expectations, and lies within one standard deviation of the expected

outcome.
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6.1 Career Structure

One strong assumption utilised in this paper is that the projects into which the agent may
be hired are identical. The effect of this assumption within the model is to ensure that the
agent’s second-period wage is linear in the observed outcome. Of course this need not be the
case.

Suppose that projects vary in the marginal product of talent. This candbe captured by
modifying the production technology such that,

2

s
x:sw—5+oz€+se,

an expression that differs from (2) only in the addition of the « term. Here o > 0 is the
marginal return to talent for the project in question.,New suppose that the labour market
sorts agents into projects such that those agents with thethighest expected talent are assigned
to projects in which talent is most productive.

A marginal increase in the observed outcome now increases the agent’s second-period
wage in two ways: First, as above, it increases the expectation of the agent’s productivity
on any given project. Second, it“results in the agent being assigned to a project on which
her talent has a higher marginal’‘product (a project with marginally higher «). These effects
compound one and other, resulting in a second-period wage v(z) that is convex increasing
in 2.8 If v(x) is sufficiently convex to overcome the concavity of the agent’s utility function,
then the compesition u(v(x)) will likewise be increasing convex.

It is worthwhile briefly discussing what happens in the model if u(v(z)) is a convex
transformation of x. This convexity means that the agent’s career concerns, her expected
second-period utility, now benefit from an increase in the project’s risk. From the proof of
proposition 1 it then follows that the agent’s preferred strategy s, will be greater than w as
the agent will be willing to tradeoff the expected return in order to increase the probability

of an outcome in the upper tail of the distribution.

8 A similar convexity would be observed if the production technology gave rise to superstars as described
by Rosen (1981).
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In this case the purpose of an incentive contract would be to discourage risk-taking.
It remains the case that extreme outcomes are indicative of risk-taking while intermediate
outcomes are indicative of a risk-averse strategy choice. Thus, from proposition 2 it follows
that the optimal non-decreasing wage contract involves ‘capped incentives’. The agent’s wage
should monotonically increase in z until it reaches the turning point of the likelihood ratio,

and thereafter w'(z) = 0.
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