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Abstract

This paper argues that the presence of both profit-based and stock price-based components in compen-
sation contracts provides senior managers the incentive to optimally allocate effort to both implementing
previously devised strategies that provide current profits and to formulating new strategies that create share-
holder value. If managers are concerned about their reputation and if outcomes of strategy implementation
are more informative about their ability than outcomes of strategy formulation, compensation based only
on profit will incent managers to boost their reputation by over-allocating effort to strategy implementation.
To restore the balance the contract needs to contain some stock-based compensation.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

There has been considerable interest recently in various aspects of executive compensation.
While there is general agreement among both academics and practitioners that executive compen-
sation should contain a significant incentive component to align the executives’ interests to that
of shareholders, there is little consensus regarding the size or the structure of incentive compen-
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sation. In this paper, we focus on the structure of incentive compensation, namely, the trade-offs
between profit-based incentive compensation and stock-based incentive compensation.

There has been significant intertemporal variation within industries, and cross-sectional vari-
ation across industries, in the mixture of profit-based and stock-based incentive compensation.
While there was a considerable increase in stock-based compensation, particularly stock options,
in the last decade of the twentieth century (Murphy, 2004), recently several companies have been
revising their executive compensation packages by reducing stock options and increasing re-
stricted stock grants and profit-based bonuses (Plitch, 2004; Boyle, 2004). In addition, there is
wide variation in the proportions of profit-based compensation and stock compensation across
different industries as reported in the 2006 CEO Compensation Survey conducted by the Wall
Street Journal and Mercer Human Resource Consulting.

In order to understand the temporal and cross-sectional variations in the structure of incen-
tive compensation, we need to clarify the roles of profit-based and stock-based compensation in
aligning managerial interests to that of shareholders. Even though using a mixture of profit-based
and stock-based compensation is customary, it is not clear why both forms are needed. Indeed,
since the stock price should equal the present value of future dividends, a manager who plans to
stay with the firm will naturally care about the firm’s expected future profit. Thus, de facto, she
will care about the current stock price and there is no need to explicitly include a stock-based
component in the manager’s incentive contract: a profit-based compensation contract alone can
provide a manager with the right incentives. In our paper, we provide an explanation for the use
of both profit-based and stock-based compensations even if the manager is expected to stay with
the firm.

Consider a manager with ability unknown to everyone including herself. The firm’s profit
is directly related to the manager’s effort and her ability. The manager needs to allocate effort
to two types of activities: formulating strategy (i.e., discovering new projects) and implementing
strategy (i.e., implementing discovered projects). Effort exerted toward discovery does not lead to
immediate cash flows but increases the probability that an implementable project will be available
in the future. Implementation of a previously discovered project results in immediate cash flows.
One of the main premises of our model is that implementation outcomes provide more precise
information about the manager’s ability than outcomes of discovery. Indeed, implementation
of existing projects results in immediate cash flows that are observable to everyone, while the
market can only obtain imprecise information about the success of discovery efforts. A second
premise of our model is that manager cares about her reputation, i.e., her ability as perceived by
the market.

In the absence of reputation concerns shareholders may provide the manager with a sim-
ple profit-based incentive contract: such a contract provides her the incentive to maximize the
present value of the firm’s profits. Reputation concerns, however, distort the manager’s incen-
tives. In order to boost her perceived ability the manager is willing to exert more than the optimal
effort toward the more informative activity of implementation. Shareholders, who would like to
restore the balance in effort allocation, need to provide her the incentive to expend less effort
toward implementation. Since implementation results in immediate cash flows, shareholders can
reduce the manager’s incentive to expend implementation effort by reducing the profit-based
compensation. This reduction, however, will also reduce the manager’s expected future payoff
from discovery, making her less willing to expend discovery effort. To increase the manager’s in-
centive to discover new projects without affecting her incentive to implement them, shareholders
need to offer her a stock-based component as well. If compensation is based exclusively on stock
performance, however, the manager’s wage becomes independent of profits. Her incentive to im-
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plement is then driven entirely by her reputation concern, which may be insufficient to incent the
manager to exert the optimal level of implementation effort.

Our model provides several empirical implications relating the structure of the optimal incen-
tive contract to industry characteristics. First, the greater the demand for managerial labor the
greater the stock-based compensation. In environments where demand for managerial labor is
high, managers are more concerned about perceived ability. As a result, in such environments,
shareholders need to provide more stock-based and less profit-based compensation. Second, if
the market knows the manager’s ability with greater precision, the manager cannot easily mis-
lead the market about her ability and, therefore, shareholders may offer her less stock-based
compensation. A result that follows is that we should expect more stock-based compensation in
industries with fast-changing environments where managers’ ability to generate cash flows may
fluctuate more over time due to the need to learn new skills and adjust to new technologies. Third,
firms in industries where it is relatively difficult to ascertain the success probability of strategies
at the formulation stage should offer the manager more stock-based and less profit-based com-
pensation. As the relative signal-to-noise ratio of discovery outcomes declines, the manager’s
incentive to exert more than optimal effort toward implementation increases and, to offset it,
the profit-based compensation has to be decreased. However, lower profit-based compensation
reduces the manager’s expected payoff from discovery, which reduces her incentive to exert dis-
covery effort. To restore this incentive, the stock-based compensation has to be increased. And
finally, in knowledge-based industries both profit-based and stock-based compensations will be
greater. In such industries the manager receives a higher proportion of the profit because her con-
tribution to profits is greater. As the manager’s share of the profit increases, however, the stock
price, which is net of wage, becomes less sensitive to discovery effort, and to compensate, the
relative weight of stock compensation needs to be greater.

There are other reasons why shareholders use both profit-based and stock-based compensa-
tion. Banker and Datar (1989) consider a one-period model in which they show that shareholders
use a mixture of bonus-based and stock-based compensation in order to provide better risk-
sharing for a risk-averse manager and that the relative weight of the bonus-based compensation
is higher when accounting returns contain less noise than stock prices. Holmstrom and Tirole
(1993) shows that both profit-based and stock-based compensation are required for a risk-averse
manager when there is a rational speculator on the market who can independently investigate the
potential value of the firm. Dechow and Sloan (1991) considers a hypothesis consistent with our
model, i.e., a manager with profit-based compensation who plans to quit her job will be biased
toward short-run projects. The paper finds that CEOs reduce the R&D expenditures in their termi-
nal year in the office. The bias toward the short-run project, however, disappears if the CEO stays
in the firm long enough to reap the benefits of the long-term investment. Bushman and Indjejikian
(1993) seek the optimal incentive contract for a risk-averse manager with two-dimensional effort
that affects the firm’s current and future profits. In their one-period model, the manager’s contract
is set as a function of both accounting data and stock price, which are noisy indicators of firm’s
value (defined as the sum of current and future profits). In this setup, a mixture of bonus-based
and stock-based compensation can be used to filter some of the noise in the firm’s value and
allow better risk-sharing between the risk-averse manager and risk-neutral shareholders. In addi-
tion, since the accounting data and stock price provides information about different portions of
the firm’s value (namely, accounting data provides no information about the future firm’s profit),
using a mixture can allow shareholders to influence the manager’s effort allocations for produc-
ing current and future profits and make her allocate more effort into the riskier activity that is
potentially more profitable. Our explanation does not use risk-sharing arguments. In this paper
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we investigate how managerial reputation concerns affect the choice between stock-based and
bonus-based compensation and show that even in the absence of risk-sharing (e.g., when man-
agers are risk-neutral or may diversify most of the unsystematic risk) the optimal compensation
should include both profit-based and stock-based components. By focusing on the differences in
the industry structure, we are able to provide some cross-industry implications.

One of the premises of our model, that reputation concerns may affect the manager’s behav-
jor, is not new and is well-studied in the literature.! Our model uses the multitasking idea of
Holmstrom and Milgrom (1991), and similar to Goel et al. (2004), models reputation concern in
a multiple-dimensional action environment.

The rest of the paper proceeds as follows. Section 2 describes the model. Section 3 provides
the first-best effort allocations. Section 4 describes the equilibrium incentive contract and how it
is affected by the manager’s reputation concerns. Section 5 discusses the empirical implications
and Section 6 concludes.

2. The model
2.1. Technology

Consider a firm run by a manager in a three-period model in which the periods are numbered
by t = 1,2, and 3. In order to isolate the reputation effect from the risk-sharing effect, and to
obtain an analytic solution, we assume that the manager is risk-neutral. At the beginning of
the first and second periods, the manager needs to exert some effort d;, t = 1,2, and allocate
investors’ capital towards discovery of new projects. This discovery effort succeeds with some
probability, resulting in a project that is available for implementation in period 7 + 1. If a project is
available for implementation in periods 2 and 3, the manager needs to exert effort i, and allocate
capital to implement the project.

Examples of discovery activities include formulating a new business strategy or setting a new
direction for the company, identifying targets for acquisition, identifying the need to develop
new products or modify existing products to meet evolving customer demand, and recognizing
the need to improve the organizational capability for better operating efficiency and to better
serve the customer. Implementation of the above discoveries involves activities such as com-
municating the discovery to subordinates and motivating them to implement it, extracting value
from an acquisition by integrating the acquired company, shepherding the development of a new
product to completion, and installing new systems that will improve the organizational capabil-
ity. Discovery by itself does not produce profits; only implementation of previously discovered
projects produces profits.

For simplicity, each project is a one-period project: that is, if a project is discovered in period
t — 1, it can be implemented and produces profits only in period ¢. The profit from implementing
the project in period ¢ is stochastic and depends on the manager’s ability, the amount of invest-
ment, and the managerial effort expended towards implementation. In particular, we assume that
each unit of effort must be matched by one unit of investment in order to generate profits and
vice versa. The firm’s profit in period ¢ is given by,

7 =N f()+a+sg, t=23, (D

1 See, for example, Fama (1980), Gibbons and Murphy (1990), Holmstrom (1999), Hirshleifer and Thakor (1992),
Milbourn et al. (2001), and Milbourn (2003).
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where 7; is the firm’s profit in period ¢, a is the manager’s ability, and ¢&; is a normally distributed
stochastic noise term with zero mean and precision /.. The production function f (-) is increasing
and strictly concave. The indicator function N, equals 1 if the manager has a project to implement
in period ¢ (i.e., a project that was discovered in period r — 1), and O otherwise. To simplify the
notation, we write the production function in Eq. (1) as a function of i; only, keeping in mind
that the capital needed for implementation must be equal to i;.

If the manager exerts effort d; to discover a new project in period ¢ and it is matched by d;
units of capital, a new project will be available for implementation in period (¢ + 1) with some
probability p; given by,

pfzp(dl)’ t=172’ (2)

where p(-) is an increasing and strictly concave function. For example, the manager could expend
effort to discover a new drug, but not always succeed. As in case of implementation, we write the
probability function in Eq. (2) as a function of d; only, keeping in mind that the capital needed
for discovery must be equal to d;.

One of our main premises is that discovery outcomes are less informative about manage-
rial ability than implementation outcomes. For example, discovery may involve identifying a
geographic growth strategy through roll-ups. While the identification of the strategy reveals
something about the manager’s ability, profits from the successful implementation of the roll-up
strategy is a stronger signal of her ability. For analytical ease, we model the differential signal-
to-noise ratios of discovery and implementation outcomes by assuming that the probability of
discovery does not depend on the manager’s ability at all.?

The manager’s utility in period ¢, u;, is given by

ur =w; — A(i; +dy), 3)

where w; is her wage in period 7. The above specification assumes that the cost of effort to the
manager in period ¢ is a linear function of the combined effort for discovery and implementation
in that period and that the manager has no preference between the two activities.> The parame-
ter A > O represents the managerial labor to capital ratio: since one unit of capital needs to be
matched by one unit of managerial effort for both discovery and implementation, the cost of man-
agerial effort is A units per unit of capital invested. This specification is equivalent to assuming
that every dollar of capital is matched by A dollars of effort.

2.2. Information and sequence of events

The manager’s ability is not observable to anyone, including the manager. At the beginning
of the first period, both the manager and the market possess identical information about the
manager’s ability a and it is common knowledge that a is normally distributed with mean
and precision /1. The effort levels the manager expends for discovery and implementation are
not observable to anyone but the manager. To be consistent with the asymmetric information

2 This simplification enables us to solve the model analytically; an alternative assumption that the probability of dis-
covery depends on the manager’s ability but provides the market with the noisier signal about the ability than the profits
will not affect the intuition behind our main results.

3 The assumption of a linear effort cost function is sufficient to satisfy the second-order conditions of the optimization
program in our model because of the concavity of the productions functions. The intuition behind the model stays the
same if we assume that the cost function is convex, but the linearity assumption significantly simplifies the analysis.
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« Period ¢ >

Period ¢ profit 7, is Manager quits if she
realized. wants or has to.

Manager is paid period ¢

wage w; .
Manager  decides  whether to  quit It becomes common knowledge whether
strategically; then allocates effort toward the discovery effort expended in period ¢
implementation of the discovered project (if results in a project.

one exists) and discovery of a new project.

Fig. 1. The sequence of events during period 2. Note that there is a slight change in the sequence of events at = 1 and
t = 3. For ¢t = 1: prior to expending effort, the manager is offered a compensation contract. In this period there is no
previously discovered project, no profit, and no compensation paid to the manager. For ¢ = 3: there is no future project
to be discovered.

assumption about the manager’s effort allocation, we need to assume that the capital amounts
invested in discovery and implementation are not observable to anyone but the manager.

The sequence of events is as follows (see Fig. 1). At the beginning of the first period the
manager is offered an incentive contract that specifies her wage for periods 2 and 3. At the
beginning of each period ¢, the manager first decides if she wishes to quit (see discussion on
manager’s tenure that follows) based on her opportunities in the labor market and the wage
contract offered by the firm. She then expends effort to discover new projects (in periods 1 and 2)
and to implement any previously discovered projects (in periods 2 and 3). Then the firm’s profit
7, from project implementation is realized (in periods 2 and 3) and is observable to everyone.
After this the manager is paid (in periods 2 and 3). Then everyone observes if the effort expended
toward discovery at the beginning of the periods 1 and 2 results in an implementable future
project. At the end of final period, all residual cash flows are paid out to investors.

2.3. Manager’s tenure

We assume that the firm is bound by the wage contract while the manager can quit at the end
of any period. In the second and third periods the manager has outside job opportunities that will
provide her an expected utility of E;_(a) net of effort costs in each future period, where I is the
information available to the market at the beginning of period 7, 7 =2, 3.

A key premise of our model is that the manager values her reputation (i.e., perceived ability).
One way to model this premise is to assume that the manager will need to quit the job with
some probability ¢ < A/(1 + A) for exogenous reasons.* It may be that her position becomes

4 The limit on q ensures that there is a role for profit-based component in the optimal contract. If the manager values her
reputation too much (high ¢), she will be willing to exert implementation effort to boost her reputation without requiring
any monetary compensation, or even be willing to pay to do it.
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redundant after a takeover, or that she needs to move to another region for personal reasons.’ We
will refer to quitting for such reasons as exogenous quitting. Since the manager’s expected utility
from an outside job depends on her perceived ability, the possibility of exogenous quitting makes
her value her reputation. In addition to exogenous quitting, the manager may quit in any period
because she is not satisfied with the contract that she is offered. We will refer to quitting for
this reason as strategic quitting.® The manager makes the strategic quitting decision before effort
allocation since her effort decision may depend on the quitting decision. If the manager quits for
either reason in period 7, a new manager with the same perceived ability will be hired; however,
the new project that the former manager discovered will be lost and the firm has no project to
implement during the following period.” We assume that the reason for quitting is unobservable.

2.4. Incentive contract

When the manager is hired she is offered a long-term incentive contract W = {w,, w3}, where
the period ¢t wage w, depends on the firm’s realized current and past profits 77; and cum-profit
stock prices I1; (stock prices just before profit realization) of current and past periods j < 7:

wtzwt({ﬂj,njﬂj':z), t=2,3. 4)

The cum-profit stock prices in periods 2 and 3 are given by,

I, =Ej(my —wy + 73 — w3 —dy —dy — iz —i3). (5

Eq. (5) states that the period ¢ stock price depends on the expected profit net of wages less the
expected capital investments in implementation and discovery, and any retained profits, with the
expectation based on the investors’ information set.

Since the firm’s profit depends on both discovery and implementation efforts, shareholders
need to use two different instruments (stock price and profit) to provide the manager with appro-
priate incentives. Note that although the firm’s profit in period ¢ depends on both the discovery
effort in period # — 1 and the implementation effort in period ¢, the cum-profit stock price in pe-
riod ¢t depends on the expected profit at period ¢, which, in turn, is affected only by the discovery
effort in period r — 1 and is independent of the actual implementation effort in period ¢. As a
result, shareholders may use these two instruments to provide different incentives for discovery

5 Alternatively, we may assume that the manager values her reputation because of prestige and self-esteem and directly
include the perceived ability into her utility function.

% One might wonder whether the possibility of strategic quitting alone would make her value her perceived ability.
However, since the optimal contract will ensure that the manager will never want to quit strategically, she obtains no
benefit from misleading other employers about her ability. Moreover, in the absence of exogenous quitting it can be
shown that the optimal contract will pay her the entire share of her profit which depends only on true ability. As a result,
her wage inside the firm will not depend on her perceived ability as well. Therefore, without the possibility of exogenous
quitting, the manager does not value her perceived ability. All our results, except those pertaining to the deferred wage,
will hold even if only exogenous quitting is allowed.

7 1f, alternatively, we assume that the project that the manager discovered during her final period of employment stays
alive but drops in value after she quits, then the main intuition behind the model will not be affected. However, such an
assumption will increase the shareholders’ effective intertemporal discount factor, making it different from the manager’s
discount factor; or, alternatively, such an assumption will make the manager’s time horizon shorter than the time horizon
of the firm. As a result, even if the manager’s ability is observable, the optimal incentive contract will include some
portion of stock-based compensation.
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and implementation. In addition, the ex-profit stock price (stock price just after the profit is real-
ized) depends on the realized profit in period ¢, and, as such, does not provide any information
about the effort level beyond the information provided by the current profit.

We assume that shareholders wish to maximize their expected terminal payouts while the
manager wants to maximize the sum of her expected future utility.

3. First-best effort allocation

To find the first-best effort allocation toward implementation and discovery, consider a social
planner who wishes to maximize the sum over time of the expected profit less the cost of effort.
There are two possible states in each period: success (denoted by s) in which there is a project to
implement, or failure (denoted by f) in which there is no project to implement.

At the beginning of each period ¢, given the state k € {s, f}, the social planner chooses the
effort levels iy ; and di, that maximize the firm’s current profit net of the costs of effort and
investment,

Ni f (k) + Ei(a) — (1 + 1) (kp + dio),

plus the future expected social surplus, defined as expected profit less expected costs of effort and
investment. E;(.) is the expectation operator based on the manager’s (hence, the social planner’s)
information set at the beginning of period ¢ before she chooses her effort. Denote S, and S}‘i’ , to
be the sum of future expected social surplus (from period ¢ to period 3) in states s and f, respec-
tively, given first-best effort levels i; ;»and d,f) ;- Thus, the optimization problem for period ¢ and
state k can be written as

max Ni f (i) + Ei(a) — (1 + 1) (ke + die,i)

Ukt 5@kt
A= DpsSE i+ (1= A =D prs) St} (6)

The last term in Eq. (6) is the expected social surplus. The manager will be with the firm
in period (¢ + 1) and have a project to implement with probability (1 — g) px.;, in which case
the social surplus will be S *r |- With probability 1 — (1 — ¢) px,, there will be no project to
implement in period (f + 1), in which case the social surplus will be S;t +1- The following
lemma characterizes the first-best solution. All proofs are provided in Appendix A.

Lemma 1. The first-best implementation and discovery efforts satisfy the following set of equa-
tions:

if;,:i;?:O fort=2,3; (7a)
is,y =1F, t=2,3, and is given by,

FIE5) =142 (7b)
and, dyy =d*, k € {s, f}, t = 1,2, and is given by,

A=@p'@)(f(EY)—A+0if)=1+Ar. (7¢)

The following points are worth noting' (1) Since there is no project to implement in state f,
the optimal implementation effort is l =0 in any period ¢. (2) Eq. (7b) states that the marginal
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profit from implementation of a discovered project must equal the total marginal costs of im-
plementation, which is the sum of one unit of marginal cost of capital and A units of marginal
cost of the manager’s effort. The optimal implementation effort when there is a project to im-
plement is the same in every period since it does not affect future social surplus. (3) Eq. (7c)
states that the marginal benefit of discovery must equal the total marginal cost of discovery.
The marginal benefit of discovery is equal to the marginal probability that the project will be
available for implementation next period, (1 — ¢g) p’(d*), times the net profit of implementation,
which in turn is equal to the expected profit f (i{) minus total costs of implementation (1 + )i}
The marginal cost of discovery is one unit of capital plus A units of effort. The discovery effort
and the probability of discovery are independent of time and state in our model because of the
assumption that the marginal costs of discovery and implementation efforts do not depend on
the level of implementation and discovery effort, respectively. As a result, the optimal choice
of the discovery effort is not affected by the existence of a project to implement in the current
period.

To simplify the notation, we will drop the subscript representing state when referring to the
implementation effort since it is expended only if there is a project to implement.

4. Optimal incentive contract

When the manager’s effort allocation is not observable, shareholders have to rely on an incen-
tive contract to extract the optimal levels of discovery and implementation efforts. We will seek
a contract, if one exists, that (i) induces the manager to expend first-best levels of discovery and
implementation efforts (Incentive Compatibility (IC) constraint); (ii) at any period ¢ provides the
manager a sum of current and future expected utility (from period ¢ to period 3) that is greater
than or equal to the sum of her current and future expected utility from outside job opportunities
(Individual Rationality (IR) constraint); and (iii) at # = 1 provides the manager a sum of current
and future expected utility (from period ¢ to period 3) that is exactly equal to the sum of her cur-
rent and future expected utility from an outside job opportunity. If such a contract exists, it will
(a) satisfy IC and IR conditions, (b) deliver the highest social surplus, and (c) provide the man-
ager an expected utility exactly equal to her reservation utility. Because both the manager and
shareholders are risk neutral, such a contract will provide the shareholders the highest possible
profit among all contracts that satisfy IC and IR constraints, i.e., it will be the optimal incentive
contract.

We consider incentive contracts of the form

u}tzoltnt—l—ﬂtnt-i—ct, t=2,3 (8)

Note that if there exists an incentive contract of the form in Eq. (8) that satisfies all three con-
ditions specified above, then it is an optimal incentive contract among all possible contracts
specified by Eq. (4). Substituting the definition of stock price in Eq. (5) into Eq. (8), and solving
the resulting expression for E;, (w;) yields,

o + B B . . Ct

Ep(m)+——E;(7rj—wj— (2 +iz+di +do)) + ——,
) 1, (7t1) 1+’3t1(1 j—(2+i3+di +dv)) T+ 5
where j =2 for t =3 and j = 3 for + = 2. Substituting Eq. (9) into the expression for 1, in
Eq. (5) and then using the result in Eq. (8) yields the following expression for w;:

Ep (w;) = €))
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B
1+ B

W = 07Ty + [(1 =) Ep () + Ef () —wj — (24 i3+ di + db))]

+
1+8

where j =2fort =3 and j =3 fort =2.

The first term in Eq. (10) represents the profit-based wage component. It indicates that the
manager receives o, portion of the firm’s current profit. The second term represents the stock-
based component and consists of two parts. This term is better understood by noting that the
period 2 stock price depends on the both current and period 3 expected profits, whereas the pe-
riod 3 stock price depends on both the current expected profit and the period 2 realized profit
since the residual cash flows are retained in the firm. The first part of the second term in Eq. (10)
represents the stock-based portion of the wage derived from the current period expected profit.
Since the manager receives «; portion of the firm’s current profit, only (1 — «;) portion of the
profit is included into the stock price. The second part of the stock-based component represents
the effect of the past or future profit on the current stock price, and, consequently, on the man-
ager’s current stock-based compensation. The second term in Eq. (10) is scaled by 1/(1 + §;) to
account for the fact that the stock price is net of wages, decreasing the sensitivity of the stock-
based compensation to the expected profit. The last term in Eq. (10) is a fixed cash component.
Since one unit of cash compensation reduces the stock price by the same amount and, conse-
quently, reduces the managers’s stock-based compensation by B;, the cash compensation is also
scaled by 1/(1 4 B).

The manager’s optimization problems in periods 1, 2, and 3, respectively, are given by the
following set of equations:

(10)

—Ady +2gmy + (1 — q)(w2 — pdri* — dz)

max E| 5 . (11a)
d +q(1—q@)m3 + (1 — q)*(w3 — p(da)ri*)

max Ex{wy — Aiy — Ada + gm3 + (1 — g)[w3 — p(d2)Ai*]}, (11b)
12,42

max Ez{wz — A3}, (11c)
i3

where m; is the market’s perception of her ability at the beginning of period ¢. In period 3 the
manager trades off her wage against her implementation effort (Eq. (11¢)). In period 2 her utility
function (Eq. (11b)) includes, in addition to the trade off between her wage and her efforts in
period 2, her expected utility in period 3. If she quits in period 2 her utility in period 3 is m3
and if she stays she receives w3 but will exert implementation effort i* with probability p(d>).
Similarly, in period 1 she has to consider her expected utility in periods 2 and 3. In Eq. (11a), the
second and fourth terms represent the manager’s utility if she quits in periods 1 and 2 respectively,
and the third and last terms represent her utility if she stays with firm in the same periods.

Since the manager’s share of the factors of production is A/(1 + A), her marginal benefit
from discovery and implementation efforts should be set to A /(1 + 1) times the marginal profit
produced by the respective efforts for her to receive full credit for her efforts.

As the firm’s expected profit at the beginning of a period depends only on the availability of
the project and the expected implementation effort level and not on the actual implementation
effort level, the stock-based compensation does not affect the manager’s choice of implemen-
tation effort. Therefore, shareholders can extract the optimal implementation effort in period ¢
by choosing an appropriate profit-based component «;,. They can then select the stock-based
component B, such that manager receives full credit for her discovery effort.
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Implementation effort increases the expected current period profit, creating two sources of
benefit for the manager: increased expected compensation from current profit and increased per-
ceived ability (if she cares about her reputation).® In the terminal period the manager does not
care about her reputation. Therefore, her marginal benefit from implementation effort comes only
from the profit-based compensation in that period and, in state s of period 3, is equal to a3 f'(i3).
Thus, it must be the case that a3 = A/(1 + 1). In period 2, however, the manager’s marginal
benefit of implementation may also come from her increased perceived ability. Therefore, it is
possible that ap < A/(1 4+ 1).

Discovery effort increases the probability that a project will be available for implementation
next period, creating two sources of benefit for the manager: increased compensation from both
higher expected profit and higher stock price next period.” Since setting a3 = A/(1 4 A) provides
the manager full credit for the terminal period implementation effort, the increase in the expected
profit-based compensation in the terminal period is sufficient to induce her to exert the optimal
discovery effort in period 2. Therefore, 83 = 0. If, however, «» < A /(1 + A), additional incentives
may be needed to extract the optimal discovery effort in period 1 and, therefore, B, is likely to be
positive. It can be seen from Eq. (10) that the manager gets «» share of the firm’s realized profit
and (1 — a2)B2/(1 4 B2) share of the firm’s current expected profit. Therefore, in order to give
the manager full credit for her discovery effort, the incentive contract must satisfy the condition
ay + (1 —az)B2/(1+ B2) = A/(1 + 1). The following lemma summarizes the above discussion.

Lemma 2. The optimal contract must satisfy the following conditions: 3 =0 and,

A
b =" t=273. (12)

1— =
ar +( at)l"‘ﬂt T

Given the result in Lemma 2, @3 = 1/(1 + )A) and, therefore, we only need to derive o> and
B that satisfy Eq. (12). In order to highlight the impact of the manager’s reputation concern on
the optimal wage contract, we will derive oy and S, for the case of known ability first.

4.1. Case 1: Known ability

In this case the manager does not care about her reputation in any period as she cannot influ-
ence the market’s perception of her ability. Therefore, her marginal benefit from implementation
effort in period 2 comes only from her profit-based compensation in that period. Therefore, it
must be the case that op = A/(1 + 1) to give her full benefit. The following theorem formalizes
the above discussion.

Theorem 1. If the manager’s ability is known, a linear contract of the form in Eq. (8) is optimal
if and only if the parameters satisfy

4 —0 } 1=2,3, (13)
=

8 Period 2 implementation effort i can potentially have an impact on period 3 wage w3 through the stock based
component since period 2 cash flows are retained in the firm till the terminal period. However, as we show shortly,
B3 =0, and, therefore, this effect is absent.

9 Period 1 discovery effort d; can potentially have an impact on period 3 wage w3 through the stock based component
since period 2 cash flows are retained in the firm till the terminal period. Since B3 = 0 (as shown shortly), this effect is
absent in this case and therefore we need not consider the second component of the stock-based compensation in Eq. (10).
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and c;, t =2, 3, structured to satisfy the IR constraint. If the manager’s ability is high enough,
thenc; > 0,t=2,3.

As one can expect in a model with risk-neutral agents, no cash constraints, and unobservable
efforts, the form of the optimal incentive contract is along the line of selling part of the firm
to the manager. Indeed, since the production costs are divided between the manager and the
shareholders with the manager bearing A /(1 + 1) portion of the total costs, the incentive contract
that provides her with A /(1 + A) portion of the profit each period is an optimal incentive contract.
As we will show later, a simple sale of a portion of the firm to the manager is not an optimal
incentive contract when the manager is concerned about her reputation.

In the out-of-equilibrium move in which the manager decides to quit strategically in periods 1
and 2, she will not exert any effort toward discovery. Saving the cost of discovery effort will lead
to a higher utility for her in the current period. To prevent such strategic quitting, the wage com-
pensation should have a deferred wage component, i.e., in equilibrium, the manager’s expected
utility in period 1 should be less than that in period 3. As the proof of Theorem 1 shows, an ap-
propriately specified cash component that results in a deferred wage structure prevents strategic
quitting (i.e., satisfies the IR constraint).

Since the manager contributes only A /(1 + A) share of the project’s input, in equilibrium she
receives A/(1 + ) share of the firm’s profit, and hence A/(1 4+ A) of the value of her ability,
through the incentive part of her contract (stock or profit-based compensation). This means that
she must be compensated for the remaining 1/(1 4 1) part of her ability through the fixed wage
component ¢;. As shown in the proof of Theorem 1, if the manager’s ability is high enough, the
fixed components of the manager’s compensation, c¢;, will be positive to compensate her fully.
Positive values for ¢; will accommodate a manager with zero wealth by ensuring that he does not
have to pay to accept the job.

4.2. Case 2: Unknown ability

We now consider the case in which the manager’s ability is not observable. In equilibrium,
the market updates its beliefs about the manager’s ability based on the observed profit m;. To
simplify the notation, we define

ytzﬂt—f(i*), t=2,3. (14)
The information provided by y; is a sufficient statistic for ;. Based on this information, the
market updates its beliefs about the manager’s ability according to the following rule:

ally4r ~ N(meyr, 1/ heyr)
where m; 41 and h;4 are given by,

himy +heyy
h: + hg

Since there is no output in period 1, my = m1 and hy = h;. The perceived ability at the beginning
of period 3 is given by,

meq1 = , hipr=h +he.

s = hzmz—i-heyz. (15)
h2 +h£
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By deviating from the first-best equilibrium effort levels in period 2 the manager can influ-
ence the information that the market uses to form its beliefs about her expected ability. Indeed, as
Eqgs. (14) and (15) imply, i» affects not only the current profit wy, but also m3, the manager’s per-
ceived ability next period. Since the implementation outcome provides more information about
the manager’s ability than the discovery outcome, the manager may want to exert more than the
first-best effort toward implementation of the existing project, if one exists. By doing so the man-
ager will increase the firm’s current profit in state s, which, given the equilibrium beliefs, will
lead the market to believe that the manager’s ability is higher. As a result, a reputation-concerned
manager benefits from implementation effort in two ways: from an increase in current wage and
from improved reputation. Hence, a wage contract that incents a reputation-concerned manager
to extract the first-best implementation effort should be less sensitive to the firm’s profit, i.e.,
should be designed such that a» < A/(1 + X). This adjustment by itself, however, is not suffi-
cient. A reduction in «y also reduces the manager’s expected benefit from period 1 discovery
which, in turn, reduces her incentive to exert discovery effort d;. Therefore, shareholders need
to include a stock-based component in the compensation contract (i.e., set 8> > 0), to induce
first-best discovery effort in the presence of the reputation concerns.

Similar to the known-ability case, shareholders need to structure the cash component of the
manager’s compensation in such a way that manager will never want to quit strategically. The
following theorem summarizes the discussion above.

Theorem 2. If the manager’s ability is not known, a linear contract of the form in Eq. (8) is
optimal if and only if the parameters satisfy

A he
HEYERTY N

he
Pr=at (16)
A
BT
p3 =0,
and c;, t =2, 3 structured to satisfy the IR constraint. If the manager’s perceived ability at t = 1
is high enough, then c¢; >0, t =2, 3.

o2

o3

Similar to the known-ability case, the cash component is structured to include some deferred
compensation. However, now a larger portion of the wage needs to be deferred compared to the
known-ability case. This is because, in addition to saving discovery effort, now the manager who
plans to quit strategically can also potentially receive additional expected utility from outside job
opportunities by boosting her perceived ability through increased implementation effort. For the
same reasons as in the case of known ability, the fixed components of the manager’s compensa-
tion, ¢;, will be positive if her perceived ability is high enough. As before, positive values of c;
will accommodate a manager with zero wealth by ensuring that he does not have to pay to accept
the job; positive values of «; (note that ¢ < A/(1 4+ 1)) guarantee that the manager’s wage will
not decrease with the firm’s profit.

Theorem 2 shows that if the manager’s ability is not known the sale of a fraction of the firm to
the manager will not be an optimal incentive contract. Selling a part of the firm to the manager is
equivalent to a contract with o > 0 and B, = 0, but the theorem shows that 5 is strictly positive.
The intuition behind this result is as follows. Since the manager’s reservation utility is based on
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the market’s perception of her ability, even if the manager owns all the firm (i.e., supplies all the
effort and provides all the capital), she has the incentive to exert more than the socially optimal
level of implementation effort in order to boost the value of her outside opportunities.

As Eq. (16) shows, if the reputation concern is not too high (¢ < 1/(1 + 1)), a wage contract
based only on stock-based compensation (i.e., p = 0) is not optimal. Intuitively, if compensation
is exclusively stock-based, the manager’s wage becomes independent of realized profits. Her
incentive to implement is then driven entirely by reputation concerns, which is not sufficient to
extract the optimal implementation effort if g is low enough. It also follows from Eq. (16) that,
in the absence of exogenous quitting (i.e., ¢ = 0) there is no need for a stock-based component.

5. Empirical implications

Our model provides several empirical implications that relate firm, industry and managerial
characteristics to the design of the manager’s optimal incentive contract. The trade-off between
stock-based and profit-based components is driven by the extent to which the manager values her
reputation and the ease with which she can attempt to boost it. The extent to which the manager
values her reputation in turn is influenced by the parameter g, the probability of exogenous quit-
ting. The greater this probability the more the manager cares about her reputation and, thus, the
more effort she puts into implementation; to offset this incentive shareholders will have to pro-
vide more stock-based compensation. The following result is obtained by taking the appropriate
partial derivatives of Eq. (16).10

Result 1. The greater the manager’s concern about her reputation the greater (lower) the stock-
based (profit-based) component in the optimal incentive contract, i.e.,

0
<0 and ﬁ >
aq aq

ad
9x 0.

Reputation concerns are likely to be greater when the demand for managers is high which in
turn is more likely in growth industries and in industries with emerging technologies. Evidence
in Core and Guay (1999, 2001) shows that industry growth is positively related to increased
stock-based compensation. Ittner et al. (2003) provide evidence that new economy firms (firms
in computer, software, internet, or telecommunications fields) offer more stock-based compen-
sation relative to profit-based compensation. In addition, managers with transferable skills are
more likely to be concerned about their reputation. Therefore, such managers should be offered
contracts with a greater proportion of stock-based component. Such contracts should be more
prevalent in economic booms when the demand for managers will be high.

The ease with which the manager can attempt to boost her reputation is related to two para-
meters in our model: the precision of the manager’s perceived ability at the time of hiring (/1)
and the precision of the firm’s profit (4.). If the manager’s ability is known to the market with
greater precision, less of the unanticipated increase in profit will be attributed to her ability. As
a result, it becomes harder for the manager to manipulate market perceptions, lowering her in-
centive to boost her perceived ability by allocating more effort into implementation. Therefore,
a manager whose ability is known with greater precision should be offered a contract with higher

100 A1 comparative statics in the results that follow are for period 2. Beginning and ending periods are ignored.
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profit-based compensation and lower stock-based compensation. Since the precision of the man-
ager’s ability in any period is directly related to the precision of her ability at the time of hiring,
stock-based compensation is inversely related to the precision of the manager’s perceived ability
at the time of hiring.

The greater the precision of the firm’s profit the greater its informativeness as a signal of the
manager’s ability, which, in turn, makes it easier for her to mislead the market and increases her
incentive to allocate more effort toward implementation. To mitigate this incentive to misallo-
cate effort, the firm should decrease (increase) the profit-based (stock-based) compensation. The
following result, which can be obtained by taking the appropriate partial derivatives of Eq. (16),
summarizes the discussion above.

Result 2. Stock-based compensation is inversely related (and profit-based compensation is di-
rectly related) to the precision of the manager’s perceived ability at the time of hiring. Stock-
based compensation is directly related (and profit-based compensation is inversely related) to the
precision of the employee’s output. That is,

day B 0w 2

<0 and
ohy oh

> 0.
oh, oh,

bl )

Consistent with the result that stock-based compensation is inversely related to the precision of
the manager’s ability, Ittner et al. (2003) find that newly hired managers are paid a higher stock-
based component than managers at the same level already with the firm. The fact that lower level
employees are paid less stock-based compensation (Core and Guay, 2001) is consistent with the
result that stock-based compensation is inversely related to the noise of the employee output.

The parameter A in our model represents the cost of effort per unit of capital invested in the
project either for discovery or implementation. It can, therefore, be interpreted as the intensity of
managerial labor to capital. We expect A to be greater in industries that are less capital intensive
and more knowledge-based. The following result shows that both profit-based and stock-based
compensations should be greater in knowledge-based industries.

Result 3. Both stock-based and profit-based compensations are greater in knowledge-based in-
dustries, i.e.,
1e%3 RJeR)

— >0 and — >0.
oA oA

The intuition for the above result is as follows. A higher A implies that the cost of effort is
greater relative to the cost of investment requiring that the manager receive a greater proportion
of the profit, i.e., &y increases. As the manager’s proportion of the profit increases, however, the
stock price (which is net of wage) becomes less sensitive to discovery effort. Assuming reputation
concerns stay the same (i.e., ¢ does not change), 8> also needs to increase to maintain the optimal
level of discovery effort. The empirical evidence is consistent with this result. Ittner et al. (2003)
finds that new economy firms with high R&D-to-sales ratio than old economy firms (durable
and non-durable manufacturers) have significantly higher proportion of CEO pay linked to the
stock price. Anderson et al. (2000) finds that firms in information technology industry offer larger
stock-based compensation than traditional firms. Talmor and Wallace (1998) finds a similar result
for CEO compensation in the computer industry.
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We can easily relax the assumption that the manager’s ability is constant by assuming, as in
Holmstrom (1999), that ability follows a martingale process:

ary1 =ar + pr,

where p; is distributed normally with zero mean and precision %,. It can be shown that the
expression for profit and stock-based components will not change and will be determined by
Eq. (16).!" However, higher intertemporal volatility of the manager’s ability will reduce the
precision of the manager’s ability in any period. In particular, the precision of the managers
ability in period 2 will be given by hy = hih,/(h1 + h,), i.e., it will be negatively related to the
intertemporal volatility of the manager’s ability. Combining the above analysis with Result 2, we
obtain the following result.

Result 4. Profit based compensation is directly related (and stock-based compensation is in-
versely related) to the precision with which the manager’s ability varies over time, i.e.,

?% >0, g% < 0.

o o

This result may provide an explanation for the significant increase in the proportion of stock-
based compensation since 1980s (Murphy, 1999). The fast growth of the technology-based
industries such as computer hardware, communications, software, and biotechnology is likely to
require managers to learn new skills and makes their accumulated knowledge, and hence ability,
less useful. In the framework of our model, this development corresponds to greater intertemporal
volatility of managerial ability and, thus, increased stock-based compensation.

In our model, the discovery outcome is assumed to be independent of managerial ability. In
a more general model, if the outcomes of both implementation and discovery provide informa-
tive signals about managerial ability, the stock-based component of the compensation will be
negatively related to the ratio of profit volatility to discovery volatility. Thus, ceteris paribus, we
should expect to observe more stock-based compensation in industries in which it is more diffi-
cult to ascertain the probability of success relative to the volatility of profits once a discovery has
been made. Examples of industries that are likely to meet these requirements are pharmaceuticals
and biotechnology, in which the outcome of research and development is very uncertain but the
cash flows from successful products are more certain because of patent protection.

6. Conclusion

This paper offers an explanation for the use of both profit-based and stock-based incentive
compensation even though the stock price is related to expected future profits. We consider a
three-period model in which the manager is offered a long-term compensation contract. The
manager needs to allocate her effort to two activities: strategy formulation and strategy imple-
mentation. The firm’s profit depends on investor capital, managerial ability, and implementation
effort. Managerial ability and the effort allocated toward strategy formulation might result in
discovery of projects for implementation.

The two premises of the model are that the outcome of implementation is more informative
about managerial ability than the outcome of strategy formulation, and that the manager cares

T We can supply the proof of this assertion to interested readers.
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about her reputation. We show that when the market can perfectly observe the manager’s ability,
the manager’s wage in each period depends only on the firm’s profit in that period and not on
the firm’s stock price. However, when the manager’s ability is not observable, she will attempt
to boost the market perception of her ability by shifting her effort toward the more informative
implementation of existing projects. To restore the first-best outcome, shareholders have to offer
some stock-based compensation for a reputation-concerned manager.

Besides offering an explanation for both profit-based and stock-based compensation, the pa-
per also provides several results that explain the variation in compensation structures across
industries and over time. The paper suggests that compensation contracts in growth industries
that create value through innovation, such as communication, biotechnology, hardware, and soft-
ware, are more likely to have a greater stock-based component than mature industries. There are
several reasons for this. Managers in such industries are likely to have greater reputation con-
cerns since there is greater demand for managers in these growth industries. Managers in these
industries may be able to manipulate their reputation more easily because of the low volatility
of profits relative to volatility of discovery outcome in these industries. In addition, managers
in these fast-changing industries may have to adapt frequently and learn new skills resulting in
greater volatility in intertemporal changes in their ability, which in turn makes it easier for them
to manipulate their reputation. Finally, these industries are more knowledge-based than capital
intensive, resulting in increased profit-based compensation which, in turn, lowers the sensitivity
of the stock price to discovery effort. To compensate, the stock-based compensation needs to be
higher. By the same token, the emergence of such industries as hardware, software, and biotech-
nology in which there is constant change requiring adaptability and learning new skills, might
have increased the need for more stock-based compensation as observed in the last twenty years
or so.
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Appendix A

Proof of Lemma 1. First, note that if there is no project to implement (state f), the optimal
implementation effort i}i is zero for all ¢. At t = 3 the optimization problem in state s for the
social planner can be written as,

max f(is3) + Ez(a) — (1 + V)i 3,

15,3
and the optimal implementation effort i , is given by the first-order condition,
f‘/(l;k’:;) - 1 + )\..
At t = 2 the optimization problem in state k = {s, f} for the social planner can be written as,

max N f(ix2) + Ex(a) — (1 +2) (k2 +dk2)

ir,2:dk,2

+{(A =@ pe2)(f(if3) + Ea(@) — (1 +2)if3) + (1 — (1 — q) p(di.2)) Ex(a)}.
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The optimal implementation effort i , is given by the first-order condition,

f/(l.;k’z) = 1 + )\4.

The optimal discovery effort d; , in state k € {s, f} is given by the first-order condition,

A =)p'(di o) (f(i53) — A+ 2)if3) =1+ 4

At t =1 the optimization problem for the social planner can be written as,
max —(1+2)di +{( = @)pdi D[ f (i) + Er(@) = (1 +2)i], ]
1

+(1 -1 —=q)pWd)E1(@)}
A= @p(@)[f (i) + Er@ — (1 +0)if ]+ (1= (= 9)p(@)) Er (@)

The optimal discovery effort d} is given by the first-order condition,
A=@p' @) (f(i52) —A+ify)=1+21 O

Proof of Lemma 2. We prove a slightly stronger result, namely, that the solution to the man-
ager’s optimization problem in Eqgs. (11a)—(11c) will result in effort allocation levels d; = d*,
dr =d*, and i3 =i* if and only if 3 =0 and Eq. (12) is satisfied.

At t = 3, the manager’s optimization problem is given by Eq. (11c). Using the definition of
the wage contract in Eq. (8) and noting that 73 is unaffected by the manager’s choice of i3, the
first-order condition in state s is a3 f’(i3) = A. Therefore, Eq. (7b) implies that i3 = i* if and
only if ez =A/(1 4+ A).

At t = 2, the manager’s optimization problem is given by Eq. (11b), where m3 = a if the
manager’s ability is observable. From Eq. (10) it follows that,

Eyws = a3[p(d2) f (i) + Ex(@)] + (1 — &3) 1 f3ﬂ3 [p(d2) f (") + E2(m3)] + K3, (A1)
where K3 is given by,
Ky= fﬁg Ex{my —wy — Ep(dy+dy +ia+i3)} + 1 f,%‘ (A2)

The marginal benefit from the manager’s choice of d; arises from its effect on w3, not w,. Also,
while K3 depends on investors’ expectation of d», it is independent of the manager’s choice of d>.
In addition, d» does not affect neither E»(a) nor E5(m3). Therefore, using Eqs. (11b) and (A.1),
the first-order condition with respect to d; is given by,

a —Q)P/(dz)[(% + (1 —a3) fﬁ%)f(i*) —Ai*} =1 (A3)

Since a3 = A /(1 + 1), it can be seen from Egs. (A.3) and (7¢) that d, = d* if and only if 83 = 0.
It follows that Eq. (12) is satisfied for # = 3 if and only if i3 =i* and dp = d*.

At t = 1 the manager’s optimization problem is given by Eq. (11a). Similar to Eq. (A.1) we
can write,

B2
1+ B

Eywy =ax(p(d) f(*) + E1(@) + (1 — a2) [P@) (") + E1(m2)] + K2, (A4)
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where K> is given by,

B2 L €2
Ko=—""—FE\{E,(m3—w3—dy—dy—ir—i3)} + .
2 T+ 5 HEnR(m3 3—di—dy—ip—i3)} T+ 5
Although in general the manager’s choice of d; can have an effect on w3 through I3, this effect
is absent here because 83 = 0. Using the same logic as before, K; is independent of the man-
ager’s choice of dj. In addition, d; does not affect neither E(a) nor Ej(m2). Therefore, using
Egs. (A.4) and (A.5), the manager’s first-order condition with respect to d is given by,

(AS5)

- q)P’(fh)[(az +d—a)g fzﬂ)f(i*) - ki*} =X (A.6)

From Egs. (A.6) and (7c) it can be seen that d| = d* if and only if Eq. (12) is satisfied. O

Proof of Theorem 1. First, we check that the IC constraint is satisfied if and only if «; and S,
are given by Eq. (13). As the proof of Lemma 2 shows, d; = d*, d) = d*, and i3 = i* if and only
if B3 = 0 and Eq. (12) is satisfied. It follows from Egs. (11b), (A.1), and (A.2) that the first-order
condition with respect to i, in state s is,

ar f'(i2) = A.

Combining this condition with Eq. (7b) implies that i» = i* if and only if oo = 1 /(1 4+ A). Using
Eq. (12) it follows that 8, = 0.

To satisfy the IR constraint, that is, to guarantee that the manager accepts the contract and does
not quit strategically in period 2, shareholders need to design the cash compensation to have a
deferred component. If the manager’s ability is known, her choice of implementation effort is in-
dependent of the quitting decision and is determined by the tradeoff between the marginal cost of
effort and the marginal profit-based compensation. Hence the maximum utility she can gain from
quitting strategically is Ad™*, the cost of equilibrium discovery effort. Therefore, to prevent strate-
gic quitting, an amount Ad* of the manager’s compensation in each period should be deferred to
the next period.!? Since the deferred compensation will be paid only if the manager stays with
the firm, which happens with probability 1 —¢, the manager should be paid Ad*/(1 — g) for the
discovery effort of d* exerted in the previous period.

The compensation in period 2 should provide the manager with an expected utility in period 2
equal to the sum of (1) the value of her expected ability a; (2) the expected costs of her effort
A(p(d*)i* + d*); and (3) the wage deferred from period 1, Ad* /(1 — q), less the wage deferred
to period 3, Ad*. That is, we must have,

* k

rd
Enwz=ati(p@it+d) + 5 —ad" =atip@Hit+

Using Eq. (10), the manager’s expected wage in period 2 is,

A
= d* j*
T tes P @)+ ==

We can obtain exactly the same two expressions as above for period 3 as well (the lower expected
cost of discovery effort is offset by the absence of deferred wage). Therefore, equating the above

Epwy = a—+cy.

12 Strictly speaking, this deferral amount is the lower bound to prevent strategic quitting. If we defer too much, however,
the cash component in period 2 will become negative.
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two equations we find that c; is given by,

ol e L d 1 B
——PmiiTIKfa) m) Al—q}+TIK“ t=2,3. (A7)

It can be seen from Eq. (A.7) that ¢; is positive if a is high enough. O

Proof of Theorem 2. First, we check that the IC constraint is satisfied if and only if «; and S,
are given by Eq. (16). As the proof of Lemma 2 shows, d| = d*, d = d*, and i3 = i* if and only
if B3 =0 and Eq. (12) is satisfied. Since 83 = 0 and i; does not affect future realized profits,
i> has no effect on E>w3. Therefore, using Eq. (11b), the first-order condition of the manager’s
period 2 optimization problem with respect to i in state s is given by,

om am3 8712
ar f'i*) +q 87r S
In equilibrium,
om
2 =14 A (A.8)
312
It follows from Eq. (15) that
0 h
ms _ G (A9)
%) ho + he
From Eqgs. (A.8) and (A.9) it follows that i, = i* if and only if
A he
oy = — . (A.10)

1++ Thth,
From Egs. (12) and (A.10) it follows that

Bo=q(1+21)

h+h

The cash components ¢; need to be chosen to satisfy the IR constraints. Since the man-
ager’s ability is not known, deciding to quit strategically has two potential benefits in period
2 in addition to saving the cost of discovery effort: By expending more than the equilibrium im-
plementation effort the manager can try to boost her perceived ability and period 2 wage. Her
additional benefit from expending effort i, instead of i* is given by,

B =max Ex[ax(f(i2) — f(i)) + (m3 —my) — A(ia —i")].
%)

The first term is the increase in period 2 wage from profit component and the second term
is the increase in reservation wage from increased perceived ability (note that my = m1). The
final term is the cost of additional implementation effort. Hence, to prevent strategic quitting
shareholders should defer (Ad* + B) of the manager’s compensation each period.

The compensation in period 2 should provide the manager with the expected utility in period 2
which is equal to the sum of (1) her value of her expected ability m; (2) the expected costs of her
effort A(p(d*)i* 4+ d*); and (3) the wage deferred from period 1, which is equal to Ad*/(1 — q),
less the wage deferred to period 3, Ad* + B. That is, we must have,

* k

—Ad* — B=m +Apd*)i* +

— B.
l—gq l—gq

(A.11)

Epwy=m +A(p(d*)i* +d*) +
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From Eq. (10) the manager’s expected wage in period 2 is given by,

Ejwy = <az+%>E1](nz)+A+ T+
A * * A [65)
mp(d AU )+ﬁ 1+A+m, (A.12)
where,
AE%Ell(ng—ug—(i2+i3+d1+d2))
__P ( ! (p@*) fG*) +my) — (p(d*)i*+d*)—C3).
L+ B \1+A

From Egs. (A.11) and (A.12) it follows that,

% A . e d* 1
—{p(d )(mf(z ) — Ai )—Al_q +B+A}(1+ﬂz)+mm1(l+ﬁz).
(A.13)

By applying a similar line of reasoning to period 3, noting that 83 = 0, the wage deferred from
period 2 is (Ad* + B)/(1 — q), and there is no wage deferred to future periods, we obtain,

c d* fFGE*) —Ai* & B + ! m (A.14)
=— —f7) = A - . .
3 P T+ Moy o) Tieam
Both A and B are independent of m . Using Eq. (A.14), A can be rewritten as
B2 *

Y l-q 1—g prat '

B is independent on m | because, using Eq. (15) and noting that m, = m| and hy = hy, it follows
that

(P(d*)f(i*) — A" =2

f(i2) = f() +&2).

m3 —my) =

h
(M
h2 + ]’ls
Therefore, similar to the case of known ability, ¢; is positive for managers with sufficiently high
perceived ability m1. O
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