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OPTIMAL INCENTIVE CONTRACTS IN THE PRESENCE OF
CAREER CONCERNS: THEORY AND EVIDENCE

Robert Gibbons and Kevin J. Murphy

1. Introduction

This paper studies career concerns—concerns about the effects of current performance
on future compensation—and describes how optimal incentive contracts are affected when
career concerns must be taken into account. Career concems arise frequently: they occur
whenever the (internal or external) labor market uses a worker's current output to update its
belief about the worker's ability and then bases future wages on these updated beliefs. In such
a setting, the worker will want to take actions the market cannot observe, in an attempt to
increase output and thus influence the market's belief; in equilibrium, however, the market will
anticipate these actions and so draw the correct inference about ability from the observed
output. Career concerns are stronger when a worker is further from retirement, because a
longer prospective career increases the return to changing the market's belief. A worker who is
further from retirement thus is willing to take more costly unobservable actions in an attempt to
influence the market's belief.

Career concerns were first discussed by Fama (1980), who argued that incentive
contracts are not necessary because managers are disciplined through the managerial labor
market: superior performances will generate high wage offers; poor performances, low offers.
Holmstrom (1982) showed that although such labor-market discipline can have substantial
effects, it is not a perfect substitute for contracts: in the absence of contracts, managers

typically work too hard in early years (while the market is still assessing the manager's ability) -
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and not hard enough in later years. We conclude from Fama's and Holmstrdm's work that
contracts are necessary to provide managers with optimal incentives.

In this paper, we add contracts to the Fama-Holmstrém model. We show that career
concerns can still create important incentives, even in the presence of incentive contracts.
Accordingly, in the presence of career concerns, the optimal compensation contract optimizes
total incentives—the combination of the implicit incentives from career concerns and the
explicit incentives from the compensation contract. Because the implicit incentives from career
concerns are weakest for workers close to retirement, explicit incentives from the optimal
compensation contract should be strongest for such workers, while for young workers it can
be optimal for current pay to be completely independent of current performance.

Our formal model examines the career concerns that arise from competition among
current and prospective employers in an external labor market, but career concerns also arise in
internal labor markets, in two ways. First, competition among divisions within a firm (or even
among supervisors within the same division) can mimic the competition we study in the
external labor market. Second, even if there is only one supervisor, career concerns arise if
promotions are based on a worker’s assessed ability but the supervisor cannot perfectly
distinguish between effort and ability. Although we do not model career concerns in internal
labor markets, we expect analogous results to hold: Implicit incentives from promotion
opportunities should be weakest for workers close to retirement and stronger where promotion
opportunities are plentiful (as in expanding organizations) rather than scarce. Current pay
should be most sensitive to current performance for workers close to retirement and for
workers with no promotion opportunities (such as workers at the top of the corporate hierarchy
or other job ladder, and workers in declining organizations).!

In addition to analyzing the characteristics of optimal incentive contracts in the presence

of career concerns, this paper also examines the empirical support for the career-concems

1 Rosen (1986) makes a similar observation in the context of elimination tournaments or promotion laddecrs:
the incentive to win an early round can be big even if the prize for winning that round is small, because winning
also buys entry 1o subsequent rounds with larger prizes.
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model in a particular setting: the relation between chief-executive compensation and stock-
market performance. We study longitudinal pay and performance data on a large sample of
chief executive officers (CEOs) and find empirical support for the model. We estimate, for
example, that a 10% change in shareholder wealth corresponds to 1.7% changes in cash
compensation for CEOs less than three years from retirement, but only 1.3% pay changes for
CEOs more than three years from retirement. Thus, for a CEO earning $562,000 (the sample
average), a 10% change in shareholder wealth corresponds to a $9,500 change in cash
compensation for 2 CEO close to retirement, but only a $7,300 change for a CEO far from
retirement. We offer no new insights regarding the average magnitude of the relation between
CEO pay and performance (see Jensen and Murphy, 1990). Instead, we focus on the cross-
sectional variation in, rather than the average magnitude of, the pay-performance relation; our
results suggest that pay-for-performance is stronger in years preceding retirement.

In order to analyze both the implicit incentives from career concerns and the explicit
incentives from compensation contracts, our model incorporates several of the fundamental
issues associated with wage determination: incentives, learning, market forces, contracts, and
risk aversion. Of these five elements of the model, the first three are necessary if career
concems are to arise, the fourth is necessary if explicit incentives are to be considered, and the
fifth (or something like it) is necessary 5o that optimal contracts do not completely eliminate
career concerns. Other models of career concemns—such as Fama (1980), Holmstrom (1982),
and Machod and Malcomson (1988)—incorporate incentives, learning, and market forces, but
not risk aversion or contracts.2 Other dynamic agency models—such as Lambert (1983),

Rogerson (1985), Murphy (1986), Holmstrém and Milgrom (1987), and Fudenberg,

2 Career concerns are related 1o the "ratchet effect” that arises in dynamic models of regulated firms, such as
Freixas, Guesnerie, and Tirole (1985), Baron and Besanko (1987), and Laffont and Tirole (1988). Thesc modcls
ignore the market forces analyzed in this paper because there does not exist a market of prospective regulators,
but the assumption that the regulator cannot commit 1o ignore information once it has been revealed has a
similar effect. Lazear (1986) and Gibbons (1987) study the ratchet effect in models of the employment
relationship, but also ignore market forces because the worker's private information concerns a firm-specific
attribute, such as job difficulty. Aron (1987) and Kanemoto and MacLeod (1991) study the ratchet effect in
models of the employment relationship that include market forces because the worker's private information
concerns a worker-specific attribute, such as ability.
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Holmstrém, and Milgrom (1987 )-—incorporate incentives, contracts, and risk-aversion, but not
learning or market forces. Finally, other dynamic insurance models—such as Harris and
Holmstrdm (1982)—incorporate risk-aversion, contracts, learning, and market forces, but not

incentives.3

2. Theoretical Analysis

Consider a worker who works for T periods. In period t, the worker controls a
stochastic production process in which output (yp) is the sum of the worker's ability (n), the

worker's non-negative effort (ay), and noise (g):
2.1 yi=n+a+e .

Before production begins, there is symmetric (but imperfect) information about the worker's

ability: the worker and all prospective employers believe that q is Normally distributed with

mean mg and variance of. The error terms are Normally distributed with mean zero and
variance o7, and are independent of each other and of ability, n.
We assume that employers are risk-neutral but that the worker has the following

exponential utility function:

2.2) U(W1, oy WT; 81, «ovy @T) = - EXP ( -r{ZL 8w, - g(ax)]}) .

where w; is the wage paid in period t and g(ay) measures disutility of effort. We assume that
g(a,) is convex and satisfies g'(0) = 0, g'(ee) = o, and g" 2 0. (The assumption that g" 2 0
is a sufficient condition for certain maximization problems to be concave and for several

intuitive comparative-static results to hold.) Note that (2.2) is not the additively sc'parablc

3 Holmstrém and Ricart i Costa (1986) extend the Harris-Holmstrém modcl by adding an observable action
based on private information, as opposed 10 the unobscrvable action bascd on symmetric information considered
here. MacDonald (1982) and Murphy (1986) analyze the effects of leaming and market forces on job

assignment, rather than on insurancecontracts.
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exponential utility function often encountered in the literature: (2.2) implies that the worker is
indifferent among all deterministic wage streams with constant present value (computed using &
as the discount factor), just as if the worker had access to a perfect capital market.

To keep our theoretical analysis simple, we make two assumptions about contracting
possibilities: (A1) short-term (i.e., one-period) contrac... are linear in output; and (A2) long-
term (i.e., multi-period) contracts are not feasible. Our assumption that short-term contracis
are linear is obviously convenient: we wish to formalize the idea that contractual incentives
should be strong when career-concern incentives are weak, and the strength of the contractual
incentives is easily summarized by the slope of the linear contract. Furthermore, Holmstrom
and Milgrom (1987) demonstrate that a model much like the single-period version of our model
(but lacking the uncertainty about the agent's ability, n) can be reinterpreted so as to ensure that
the optimal contract is linear. In the Appendix, we discuss the extent to which the Holmstrom-
Milgrom argument extends to our model.

Our assumption that long-term contracts are not feasible can be reinterpreted. We show
(again, in the Appendix) that this assumption is equivalent to assuming that long-term contracts
exist but must be Pareto-efficient at each date; that is, long-term contracts must be
renegotiation-proof. (The idea that contracts should be renegotiation-proof has been widely
accepted in recent work; see, for example, Dewatripont (1989) on contracting under adverse
selection, Fudenberg and Tirole (1990) on contracting under moral hazard, and Hart and
Moore (1988) on incomplete contracting under symmetric information.) In our model,
renegotiation between the worker and a single employer mimics one of the effects of
competition among the cumrent and prospective employers.

We now derive the optimal compensation contracts for the two-period case and then

state the results for the T-period case.
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The Two-Period Model

The timing of the two-period model is as follows. At the beginning of the first period,
prospective employers simultaneously offer a worker single-period linear wage contracts of the
form wi(y;) = ¢1 + byyi. (Recall that although information is imperfect it is also symmetric,
so there is no need for employers to offer menus of contracts in order to induce workers to
self-select.) The worker chooses the most attractive contract and begins production. At the
end of the first period, the firm (i.e., the first-period employer) and the market (i.e.,
prospective employers) observe y1 and then simultaneously offer the worker single-period
linear wage contracts of the form wy(yz) =c2 + bays. These second-period contract offers
depend impiicitly on y;, because first-period output conveys information about the worker's
ability, as described below. The force of our assumption (A2), however, is that second-period
contracts depend on first-period output.only in this implicit manner, rather than explicitly
through commitment at the beginning of the first period. Once again, the worker is free to
choose the most attractive contract.

Given these compensation contracts (where, for now, the parameters ¢y, by, €2, and bz
are arbitrary), the worker's expected utility (from the perspective of the first period) is the

following function of first- and second-period effort, aj and az:
2.3) -E{exp (-rlcy + bitn+ar+er) -g(an)] - 1d[cz + ba(n+az+es) g} .

From the perspective of the second period, however, after a; has been chosen and y) has been

observed, the worker's expected utility is

(2.4) - exp (-t6-1[c1 + byy; -g(an)] ) E{exp (rlez + ba(n+az+er) @) | v},

so the worker's second-period effort choice problem reduces to
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@.5) max . £ { exp ( -rfcz + batn+arten) -g@)]) | 11}
The worker's optimal second-period effort, a;(bz), therefore satisfies the first-order condition

(2.6) g'(az) =bz.

Competition among prospective second-period employers implies that the contract the
worker accepts for the second period must earn zero expected profits, so (after normalizing the

price of output to unity), cz(by) satisfies
2.7 c2(b2) = (1-bp) E{y2 I v1} .

Using (2.1), the conditional expectation of the worker's second-period output given the
worker's first-period output equals the sum of the conditional expectation of the worker's

ability and the optimal second-period effort induced by the contract:
(2.8) Ely21y1) =E{nlyi) +a3(b2).

To compute the conditional expectation of the worker's ability, the market must extract the
relevant information about the worker's ability from the observed first-period output, and this
requires a conjecture about the worker’s first-period effort.

Suppose the market conjectures that the worker's first-period effort was 4;. (As will
become clear below, in equilibrium the market's conjecture about the worker's effort is correct.
We restrict attention to pure-strategy equilibria.) Using well-known formulas from DeGroot
(1970), the conditional distribution of n given the observed ‘ﬁrst-pcriod output yj is then

Normal with mean

ol mg + oq (y1 - 41)
2.9 LA = = 2
( ) m](y1 a]) 0’5 + 002
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and variance

2

o: o

0
-
S, + O;

(2.10) o =

We include 4, in the notation m)(y}, 4,) for expositional clarity in what follows. It is also

convenient to define £2 = af + a?, the conditional variance of 7 + ¢, given the observed first-

period output y;.
Substituting the appropriate expressions into (2.4) yields the worker's expected utility
(from the perspective of the second period) for an arbitrary by, given first-period output y;.

The market thus believes that the optimal second-period slope, b;, maximizes

@.11) -E{exp (-rlea(by) + batn+az(b)+er) -glaz o)) | y1)

= - exp ( ~im(y1.d1) + a3(b2) - (a3 (b)) - 3 1H3T3 1)

where the righthand side of (2.11) is derived using the observation that if x is Normally

distributed with mean p and variance o2 then

(2.12) E{exp( -kx)) = exp( ku + % K202) .

Optimizing (2.11) and implicidy differentiating (2.6) yields the first-order condition for b;, the
optimal second-period slope:*

1
T 1+rz2gifai)]

(2.13) by

4 Note that (2.13) is identical to the result given in footnote 8 in Lazear and Roscn (1981), who derive it
using a sccond-order Taylor approximation o the more general (static) utility function U(w-g(a)). Thus, (2.13)
is preciscly optimal given (2.2) and approximately optimal more generally.
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Using the assumption that g™ 2 0, it is straightforward to show both that (2.11) is strictly
concave, so (2.13) is sufficient, as well as that b; decreases with both risk-aversion (r) and
uncentainty (3 ).

A very convenient feature of (2.13) is that b; is independent of y;. This fact greatly
simplifies the analysis of implicit incentives from career concerns, because it implies that the
effect of first-period output on the second-period contract (i.e., the career-concern effect) is
limited to the intercept given in (2.7). The reasons that b; is independent of y; are that the
absence of wealth effects in the utility function (2.2) implies that optimal incentives depend on
the variance but not the mean of output, and that the variance of beliefs about ability evolve
deterministically in the normal learming model—as in (2.10).

Given the optimal second-period contract derived above, with its implicit dependence

on yj, the worker’s first-period incentive problem is to choose a; to maximize
2.14) - E{exp (-rley + by(nrar+er) - glan)] - rolea(b3) + b3 (n+az (03)4+¢2) - glaz () }.-

Substituting (2.8) and (2.9) into (2.7) yields

t mo + o3 -8
2.15) cz<b§)=(1-b§)( mo ogfocgy’ a')+a{(b¥)).

The worker's optimal first-period effort, at(b;), therefore satisfies the first-order condition

, _ aﬂ _ * 0’3 _
(2.16) g'a)) = b1+ﬁaal = b1+8(1-b2)o§+ o = B;.

€

The total incentive for first-period effort, denoted by Bj, is thus the sum of the explicit
incentive from the first-period compensation contract, by, and the implicit incentive from career

concerns, 5(1-b3)o¥(6i+0%). The career-concems incentive is positive (since (2.13) implies
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0<b3<1). increases with the uncertainty about ability, 6], and decreases with the uncertainty
about production, ¢?. |

So far we have taken the market's second-period conjecture about first-period effort,
iy, as given. Thus, (2.16) characterizes the worker's best response to this conjecture. In
equilibrium, the market's conjecture must be correct, but the necessary fixed-point computation

is trivial because (2.16) does not depend on 4;. Therefore, the equilibrium conjecture is
2.17) a; =ay(by) .

Competition ensures that firms earn zero expected profits. Because of assumption

(A2), expected profits must be zero in each period. Hence,
(2.18) ci(by) = (1-b1)E(y1) = (1-by)[mg+a; (by)] .

Substituting ar(bl) and cy(by) into (2.14) and applying (2.12) yields the worker's expected

utility (from the perspective of the first period) for an arbitrary by:

(2.19) - exp( -r{mo + a} (by) - g(a} (b1))] - r8[myg + a2 (b32) - g(az (b2))])

exp( 3 12((B,+8b3)2 £ - 2B13b30?1) ,

where B reflects the sum of explicit and implicit incentives, as defined in (2.16), and I; = o} +

o} is the variance of n +¢1. The optimal first-period slope, by, thus satisfies the first-order

condition

1

_ o r8bs 62 g"[a)(by)]
1+ 122 g"a;(by)]

- 5(1-b3 -
( 2)03 +0} l+r1¢2? g"[a?(b;)]

€

(2.20) by
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The main conclusion from this two-period model is that bT < b;. This result is
generalized in the T-period model, so we give only the intuition here. As is apparent from
comparing the three terms in (2.20) to the single expression in (2.13), three effects contribute
to the result. The first term in (2.20) reflects a noise-reduction effect: learmning about the

worker's ability causes the conditional variance of output to decline over time (2§ < Zzl). so the

optimal tradeoff between insurance and incentives shifts towards the latter over ime—1/ (1 +
rz g“[a;(b;)]] < b; . The second term in (2.20) is the career-concerns effect, familiar from
(2.16); it implies that optimal explicit incentives are adjusted to account for career-concerns
incentives by imposing a lower pay-performance relation when career concerns are high. The
third term in (2.20) reflects a human-capital-insurance effect: risk-averse workers with
uncertain ability want insurance against low realizations of ability; in our model this insurance
must take the form of a reduction in the slope of the first-period contract.’

The worker’s demand for human-capital insurance can be quite strong. In fact, it is
optimal for total first-period incentives t;) be negative (B < 0) if the benefits from insuring the
worker against low realizations of ability exceed the benefits of providing positive effort
incentives.5 The career-concerns effect in (2.20) suggests that optimal contracts can have
negative slopes (bj < 0) even when total incentives are positive, but this possibility creates no
difficulties for our analysis. Negative total incentives, in contrast, require a reinterpretation of
the marginal disutility of effort in the first-order condition (2.16). In order to handle the
possibility of negative total incentives in a simple way, we now assume that effort can be either
positive or negative and that g'(-es) = -es. We continue to assume that g(a) is convex and
satisfies g'(0) = 0, g'(e°) = oo, and g™ 2 0. We interpret negative effort as hiding or stealing
output. Our assumptions on g(a) imply that such activities are increasingly difficult on the

margin, as may be realistic.

5 Suppose, for example, that there is no noise in production (i.e., 62 = 0). Then first-period output gcrfecdy
reveals the worker's ability, so 67 = 0. Since there is no uncertainty in the second period (i.e., 2=c}+0l=
0), the optimal slope is b3 = 1, which imposes substantial human-capital risk on the worker: second-period pay
moves one-for-one with the worker's actual ability, and not at all with the market's asscssment of the worker's
ability based on first-period output (becausc c2(b3) in (2.15) is zero). 1f 8 = 1 and g(a) = [a?}/2 then the total
first-period incentive is By = by = (1 - r 03 )/(1 + r 62 ), which clcarly can be negative.
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The T-Period Model

In the T-period case, the three equations that summarize the workings of the
competitive labor market can be written as follows. First, the zero-expected-profit constraint in

periad tis

(2.21) ¢ = (1-b)E{ydy1ses Yee1]-

Second, the conditional expectation E{ylyy,..., ¥i-1} is
(2.22) E{ydy1see Y1) = mpg + &,

where m,.; is the market's cxpcctatioh of the worker's ability as of the beginning of period t,
and 4, is the market's conjecture about the effort the worker will supply in period t. Finally,
the market's conditional expectation of the worker's ability, given the observed history of prior

outputs (y1, ...,¥i.1) and its conjectures about prior effort levels (41, ....4.1), is

t-1
o2 mq + 62 Y (yx - 41)
1=1

(2.23) My (Y1y cerYiels A1y i) = & + (1-1)a?

Substituting these three equations into the worker's utility function (2.2) and applyihg
(2.12) yields the worker's expected utility from a sequence of contracts with arbitrary slopes
(by, ..., by) and associated intercepts given by (2.21), given the market's effort conjectures
(31, ...,ar) and the worker's effort choices (aj, ..., aT). (See the Appendix for this
computation, as well as the others omitted below.) The worker's optimal effort level in period

t, af, then solves a first-order condition analogous to (2.16):

T T
(2.24) g'(ar) = b + }:8*"%93 = b+ Y §*t(l-by)———— = B
1=1+1 A 1=t+] a2 + (t-1)o?
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Naturally, a; depends on b, and (by1, ..., br), but not on (b, ..., bi.y).
In equilibrium, the market's conjectures are correct: (&, ...,.AT) = @}, .., at). The
worker's expected utility from the sequence of contracts with slopes (by, ..., b) can then be

written as

I » * 1 T I
(2.25) ~exp(-T [ L 81 (mo +a - g@i)] + 37 (£ 81 B? of + T (B! B a?)-
1= = 1=

For now, take (b, ..., by) as given. Recall that changes in b, affect only a;. Since g'(al) =
By from (2.24), it is convenient to optimize (2.25) with respect to the first-period total
incentive, BI(by, ..., bt), which solves the first-order condition
« T
ro; g'(a1) X 8%! B
l . |=2
1+rzlg"@al) 1+rz2g"a))

(2.26) B;=

Applying (2.24) then yields the optimal first-period contract slope b; (bz, ..., br),

1 . T 0
- -1 (1-b)) ~——t—
rrriean &0 TWETeDe

(2.27) by

2 " * T
ro, g"(ay) 2:25“‘ By

1 +rz%g"(a)

Finally, using (2.27) recursively yields the optimal slopes (b}, ..., bT), beginning with bt and
working backwards to b1 (b3, ..., bT).
We conclude our theoretical analysis with a partial characterization of the optimal slopes

{bf: t=1, ..., T): b:‘ < b‘:, for all t < T. That is, contractual incentives increase
monotonically with t and so are strongest for those about to retire. (Again, see the Appendix

for the derivation.)
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3. Evidence on Career Concerns for Chief Executive Officers

Testing our model involves estimating the pay-performance relation between the agent's
compensation (i.e., the wage, w, in our model's notation) and the principal's objective (i.e.,
output net of the wage, y-w) and detecting changes in the estimated pay-performance relation
(i.e., the slope of the compensation contract, b) as the worker nears retirement. Obtaining the
data necessary to analyze the model is difficult because existing longitudinal datasets for rank-
and-file workers that contain data on wages seldom also contain data on performance
(measured at the individual, divisional, or firm level).

We consider the agency relationship between the shareholders and the CEO of a
publicly held corporation. We focus on this particular agency relationship for several reasons.
First, the shareholder-CEO relationship is an archetypal principal-agent relationship: widely
diffuse shareholders, through delegation of authority to the board of directors, hire managers to
take actions that increase shareholder wealth (i.e., supply effort, in our simple model).
Second, detailed longitudinal data on the CEO's compensation are publicly available in
corporate proxy statements issued in conjunction with annual shareholders’ meetings. Third,
under the assumption that shareholders are approximately risk neutral, the principals have a
common objective that is'casily measured with available data: shareholders desire to maximize
their wealth, as measured by the market value of the firm's common stock.6.7

Although the managerial labor market is an attractive laboratory in which to investigate
many of the characteristics and effects of incentive compensation policies, it may not be ideally
suited for an investigation of career concerns. The carcer-concerns effects analyzed in our

model require uncertainty about the worker's ability, but most CEOs are long-time employees

6§  The assumption that well-diversificd shareholders are risk ncutral with respect to the retums of any given
firm is strictly correct only when the firm's returns are uncorrclated with market returns.

7 We ignore debt by focussing on sharcholder wealth instead of the combined wealth of shareholders and
bondholders; Smith and Wamer (1979) argue that explicit bond covenants are designed to mitigate the agency
probiems between managers and bondholders.
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before being appointed CEQ, so shareholders (as well as potential alternative employers) may
have precise information about the ability of a new CEO.® In addition, the expected level of a
worker's compensation in our model is determined by a competitive market of prospective
employers who continuously revise their bids for the worker's services as new information is
revealed regarding the worker's ability. The fact that CEOs rarely leave one firm to join
another, coupled with the likely existence of large amounts of organization-specific human
capital, suggests that a competitive market of the kind we assume may not exist for CEOs.?

We believe that these issues do not pose substantial problems for our empirical
analysis, for the following reasons. First, shareholders are likely to be uncertain about the
ability of a newly appointed CEO because the skills required to pilot a corporation are quite
different from the skills required at lower levels in the organization. The performance of an
individual as vice president, for example, is unlikely to yield precise information about the
individual's potential performance as CEO. Furthermore, this uncertainty may not be resolved
quickly, both because it is difficult to isolate the CEO's contribution from other factors that
determine firm performance and because (as we briefly discuss below) a change in the firm's
environment may renew the shareholders’ uncertainty about the CEQO's ability, even if his
ability in the previous environment had become known.

Second, while our assumption of a competitive market of prospective employers
implies that a CEO receives the full benefit from an increase in the market's estimate of his
managerial ability (and bears the full cost from a decrease in the estimate), our qualitative
results are unchanged if we assume instead that the CEO receives (bears) some, rather than all,
of the increased (decreased) rent associated with changes in the market's estimate of his ability.
One model that would predict such rent sharing is a bilateral-monopoly model of the

relationship between the CEO and his shareholders, where the rent to be divided is the return

8 The median CEQ in our sample of nearly 3,000 CEOs described below worked in his firm 16 years before
ascending to the top position.

Note, however, that Fama's (1980) and Holmstrém's (1982) early work on carcer concerns for top
managers relies exclusively on just such a managerial labor market to provide managerial incentives.
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on the CEO's organization-specific capital: in each period, the slope of the CEO's linear
compensation contract under this new formulation of our model would be determined by the
same kinds of (implicit and explicit) incentive considerations that arise in our original model,
but the intercept would be determined by bargaining power rather than the zero-expected-profit

constraint implied by a competitive market of potential employers.10

A Longitudinal Sample of Chief Executive Officers

We test the implications of our career-concerns model using data constructed by
following all chief executive officers listed in the Executive Compensation Surveys published
in Forbes from 1971 to 1989. These surveys, derived from corporate proxy statements,
include 2,972 executives serving in 1,493 of the nation's largest corporations during the fiscal
years 1970-1988, or a total of 15,148 CEO-years of data. In order to distinguish CEOs close
to retirement from CEOs with longer horizons, we initially restrict our analysis to CEOs who
left office during the 1970-1988 sample period, using data from the 1990 Forbes survey to
identify CEOs whose last fiscal year was 1988. This subsample includes 1,631 CEOs,
representing 916 firms and 8,786 CEO-years.

Our model assumes that a CEO experiences something like the following career path: an
executive is appointed CEQ, is paid based on the performance of his firm, and remains in the
CEO position until retirement, at which point his career ends. We begin our empirical analysis
by presenting results that suggest that such a career path is typical. Figure 1 presents
histograms describing the frequency distributions of tenure in the firm, tenure as CEQ, and
age, all measured at the date the CEO leaves office, for the 1,631 CEOs who left office during
the 1970-1988 sample period. Panels A and B of Figure 1 show that, upon leaving office, the

10 If the sole objective of this paper werc to deepen our understanding of CEO compensation then we would
have developed this reat-sharing model rather than the competitive-market model developed above. We think it
likely, however, that carcer concerns arisc for many workers other than CEOs and that the competitive-market
model applies more naturally than does the rent-sharing modcl for many of thesc other workers. Thus, in
choosing to develop the competitive-market model we were in part attempting to convcy this larger potential
scope of the carcer-concems model.,
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average CEO has been in the CEO position for over ten years and has been in his firm for
almost thirty years. Panel C shows that most executives leave their position near normal
retirement age: 60% were between 60 and 66 when they left, and 31% were ages 64 or 65.

There is also evidence from other sources that when the typical CEO leaves office he
either steps down into retirement or continues to serve the firm in a reduced, semi-retirement
capacity. Vancil (1987) estimates that 75% of departing CEOs remain on their firms’ boards of
directors. This evidence seems inconsistent with the hypothesis that CEOs move from firm to
firm, since CEOs joining rival firms are unlikely to maintain close relationships with their
former employers. Vancil finds that an additional 6.4% die while in office; others resign
because of iil health. In our own sample, we find that only 36 of the 1,631 (2.2%) who left
their firm during the sample period became CEO of another sample firm by the end of the
period. In addition, we searched (the 1985 edition of) Who's Who in America for post-
departure information on the subset (of about half) of our 1,631 departing CEOs who left their
firms before 1985. We found that fewer than 6% of these CEOs joined another corporation
after leaving their firm; another 1.4% joined law firms or universities. We were unable to find
post-departure Who's Who information on 40% of the departed CEOs (most of whom
appeared in Who's Who prior to their departure). We believe that the most likely cause for the
absence of these data is retirement or death.

Figure 1 also presents a histogram describing the frequency distribution of years
remaining as CEO for the 8,786 CEO-year observations from the subsample of CEOs who left
office during the sample period. Panel D shows that about half the CEO-year observations are
from CEOs in one of their last three full fiscal years in office. Note that the distribution in
Panel D is not representative of the full population: a CEO-year observation for a CEO who left
office during the sample period can be at most 18 years before the CEO left office (the number
of years covered by our longitudinal dataset), but Panel A reveals that some CEO:s hold office

more than 18 years.
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Figure 1 is based on all 1,631 CEOs who left office during the 1970-1988 sample
period. In our empirical work, however, we analyze first-differences and eliminate
observations with missing pay and performance data; this leaves 1,292 CEOs representing 785
corporations, or 6,737 CEO-year observations. In what follows we refer to the latter
subsample as the completed-spells subsample. Table 1 presents summary statistics for the
completed-spells subsample. Column (1) shows that the average CEO-year observation in the
subsample represents a CEO who has been in his position for almost nine years and will
continue in office for almost four additional years. He receives annual compensation
(excluding both grants of and gains from exercising stock options) of $616,300, of which 90%
comes in the form of a base salary and annual bonus. All monetary variables in Table 1 and
subsequent analyses are adjusted for inflation (using the consumer price index for the closing
month of the fiscal year) to represent 1988-constant dollars. Adjusted for inflation, the average
CEO'’s salary and bonus has grown by 6.6% per year over the sample period.

We matched the Forbes compensation data to fiscal-year sales and stock-price
performance data obtained from the Compustat data files. Average firm sales exceed $4 billion
in 1988-constant dollars (althdugh the median is only $2.2 billion). Shareholders have realized
average inflation-adjusted returns of 1.8% over the sample period (in firms in the completed-
spells subsample). We define the changc in shareholder wealth, AV,, as the inflation-adjusted
market value of common stock (in millions) at the beginning of the fiscal year multplied by the
inﬂation-adjustcd rate of return on common stock (including splits and dividends): AV =V r,.
The sample average change in shareholder wealth is a $53 million loss with a standard
deviation of $1.9 billion.

Columns (2) and (3) of Table 1 report the same summary statistics for two subsamples
of the completed-spells subsample: column (2) consists of CEO-year observations in which the
CEO is in his last three full fiscal years; column (3) consists of the complementary subsample.
Panel A shows that CEOs near retirement are older and have served longer in both their firm

and their position than CEOs with many years remaining. Panel B shows that CEOs near
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retirement are better paid than CEOs with many years remaining. The means and standard
deviations of pay changes and percentage pay changes are higher for CEOs near retirement,
consistent with the hypothesis that pay becomes more sensitive to performance (and hence
more variable) as CEOs approach retirement. Panel C shows that average firm size (as
measured by either sales or market value) and average firm performance (as measured by either
the change in shareholder wealth or the shareholders' rate of return) are similar in the two
subsamples.

The last row of Table 1 shows that CEOs with many years until retirement are over-
represented in the carly years of the sample. This over-representation is a direct result of our
methodology: the completed-spells subsample includes only CEOs who left office between
1970 and 1988, so there cannot be any CEO-year observations with more than three years

remaining in the last three sample years, 1986-88.

An Empirical Specification for CEO Contracts in the Presence of Career Concerns

Our model describes the optimal linear relation between compensation and output in
period t, w; and y;. We assume that shareholders seek to maximize their wealth, and we
consider two alternative empirical representations of output, y,, in terms of shareholder wealth,
V.. First, one could interpret y, as the change in shareholder wealth in period t; in this case, the
linear compensation contract wy(y,) = ¢, + by, simply becomes w = ¢+ bAV,. Altcrngtivcly,
one could interpret output y, as end-of-period firm value, y,=V,. In an efficient capital
market, beginning-of-period firm value equals the conditional expectation of end-of-period firm
value: Vi1 = E{ylyi,..., yi.1}. Therefore, the change in shareholder wealth in period tis AV,

=y - E{nily1,-.-, 1.1}, and the linear compensation contract w; = ¢, + by, becomes

3.D wy = + b[AV+E{ydlyi,.... yi1)].
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Both approaches share the feature that the coefficient on AVis by; consequently, the two
approaches yield qualitatively similar results. In what follows, we take the second approach,
largely because it is more tractable (as will become clear below).

Substituting (2.21) and (2.22) into (3.1) yields
(3.2) W =My + ﬁl + blAV( ’

but (3.2) is not convenient to estimate because my.; is an individual-specific time-varying
variable that depends on all prior realizations of output, as described in (2.23). Because we
interpret y; as cﬁd-of—period firm value, however, the first-difference of (3.2) is a more
tractable empirical specification: Substituting (2.22) into the definition of change in
shareholder wealth, AV, =y, - E{yilyi,-.., i1}, yields AV, =y, - a, - mg.1. Substituting the
lagged version of this expression, AVH = yi.1 - 4.1 - M2, into (2.23) then yields

AV(.I .

23 gt
( . ) my.1 "ml-2+°_‘§+(t_l)o,g

Thus, the first-difference of (3.2) implies that year-to-year changes in CEO compensation are a
function of the change in CEO effort and this year's and last year's change in shareholder

wealth:
. %
(3.4) Aw,= A4 + b AV + (m - bl—l)Avl-l \
which suggests the empirical specification
(3.5) Awy= oy + BAV + 1AV,

o2
where o, = Ad, py=b,and y, = (0_2531‘?2 - bl.l).
. [ Q
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In our model, we take the worker's total career to be fixed. A worker with fewer
periods remaining therefore has worked for more periods, so the market has a more precise
belief about his ability. As Panel A of Figure 1 illustrates, however, CEOs have heterogeneous
career lengths (i.e., completed durations in office). In formulating testable hypotheses based
on the empirical specification (3.5), we therefore distinguish between the number of years

remaining in a CEO's career and the number of years already spent in office (tenure).

H1. Holding tenure as CEQO constant, the slope of the compensation contract, B,
increases as the CEQ nears retirement.

Career concemns provide weaker incentives as the CEO nears retirement, so
the incentives provided by current compensation become stronger.

H2. Holding years remaining as CEO constant, the slope of the compensation
contract, B, increases with tenure as CEQ.

The optimal relation between pay and current performance in part reflects
the trade-off between the goal of providing the CEO with incentives to
increase shareholder wealth and the goal of providing efficient risk-sharing
for the risk-averse CEO. The optimal pay-performance relation increases
when the variance of output decreases, since at the same pay-performance
relation the CEO bears less risk as variance decreases. Since the CEO's true
managerial ability becomes estimated more precisely as tenure increases, the
variance of y, decreases and the pay-performance relation increases as the
CEQ's tenure increases.

H3. Holding tenure as CEO constant, the coefficient on shareholder-wealth change in
period 1-1, %, decreases as the CEO nears rerirement.

The coefficient on the change in shareholder wealth in period t-1 has two
components, o3/(c2+(1-1)o2) and -b,.;. The first term reflects the effect of

AV, on the updated estimate of ability in period t; this effect depends only
on tenure as CEO and is independent of years to go. The second term
decreases as the CEQ nears retirement (i.e., by increases) since career
concerns provide weaker incentives.

H4. Holding years remaining as CEO constant, the coefficient on the change in
shareholder wealth in period 1-1, ¥, decreases with tenure as CEO.

Both o%/(a2+(t-1)0?) and -by.; decrease as tenure increases because the
estimate of managerial ability becomes more precise.
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Performance Pay and Years Left as CEO

Hypothesis H1 predicts that the relation between CEO pay changes and current
performance will be higher for executives close to retirement. A simple way to evaluate this
hypothesis is to estimate a regression that allows the pay-performance relation to vary with

years remaining as CEO:

18
(3.6) Aw, = a+ ZB&CEO has T years left)j;*AV,;, ,
_ =0

where (CEO has 1 years left);, is a dummy variable equal to one if the ith CEO has 1 years
remaining in his career in fiscal year t. Under Hypothesis H1, the slope of the pay-
performance relation increases as the CEO nears retirement: B> B, > .. .> Bys. There are at
least four potential problems with estimating (3.6) directly, however. First, our empirical
definition of shareholder-wealth change, AV, is net of payments to the CEO, while our
theoretical measure is before these payments. This difference has a negligible effect on our
analysis, since CEO compensation is trivial compared to changes in the value of the firm.
Second, while Aw; should include all forms of compensation, the Forbes surveys include data
on salaries, bonuses, and some minor additional forms of compensation but do not include data
on grants of stock and stock options. To the extent that a CEO's holdings of stock in the firm
increase with tenure, stockholdings will act to increase incentives as career-concern incentives
decrease, so our estimates of the change in the pay-performance relation as the CEO nears
retirement may underestimate the shareholders' total response to the issue of decreasing career
concerns. To the extent that CEOs decrease their stock holdings as they near retirement,
however, our estimates may simply reflect the effort to provide incentives through
compensation 1o replace those formerly induced through stock ownership.

A third problem with direct estimation of (3.6), as noted in connection with Table 1, is

that CEOs near retirement are over-represented in the later years of the completed-spells -
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subsample, so estimates of the B,'s based on this subsample will reflect secular trends in
incentive compensation in addition to the effects of career concems. As shown in Appendix
Figure Al, the relation between pay and performance has increased over the past decade, so the
estimated B.'s for CEOs near retirement are likely to be biased upward. Fourth, and perhaps
most important, (3.6) assumes that the relation between pay and performance differs across
CEOs (and within a CEO's career) only by the number of years remaining as CEO—(3.6) does
not allow for other sources of heterogeneity in the pay-performance relation. One potentially
important source of heterogeneity is firm size: the optimal pay-performance relation may
decline with firm size both because the variance of changes in shareholder wealth increases
with firm size and because the CEO's direct effect on firm value may decrease with firm size.

We show below (in connection with Table 3) that the pay-performance relation (i.e.,
Awy/AV,) varies significantly with firm size but that the pay-performance elasticiry (i.e.,
Aln(w)/AIn(V)Y) is almost invariant to firm size. Wc therefore attempt to control for size-
related heterogeneity by converting the regression variables to logarithmic changes and tﬁen
estimating an elasticity form of (3.6) that allows the pay-performance elasticity to vary across
years: -

3.7) Aln(wy) = o+ Zun(n‘h year dummy);
n=1972

18 1988
+ [ZB:(CEO has 1 years left); + 2 Ba(nth year dummy)i(]‘Aln(V“),
=0 n=1972
where Aln(V;)=In(1+41;) is the continuously accrued rate of return on common stock and (nth
year dummy)j; is a dummy variable equal to one if n=t. We define Aln(w;) as the annual
logarithmic change in the CEO's salary and bonus (in thousands).!!
Figure 2 depicts the estimated pay-performance elasticities from (3.7) for CEOs

grouped based on their years remaining as CEO. (To simplify the figure, observations with 15

11 We also used a more comprehensive measure of compensation that includes fringe benefits, and contingent
(but non-stock) remuneration. The qualitative results from these regressions arc similar to those presented in the
tables, but the significance levels are generally much lower, reflecting the noisiness of the data on these
additional measures of compensation.
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or more years remaining have been pooled.) The figure is drawn assuming a year effect of
.06, which is the average of the 17 estimated year coefficients. CEOs in their final year,
second-to-last year, and third-to-last year have estimated pay-performance elasticities of .178,
203, and .183, respectively. Each of these estimated elasticities is significantly higher than the
estimated elasticities for CEOs in their fifth-to-last year (.119) and sixth-to-last year (.116); no
other pairs of coefficients in Figure 2 (including pairs involving the highest estimated elasticity,
for CEOs in their eleventh-to-last year) are significandy different at the 5% level.

Figure 2 suggests that, in general, pay-performance elasticities are higher for CEOs
nearing retirement, but also suggests that separate coefficients based on years remaining as
CEO are estimated with large standard errors. Since the only significant differences in Figure 2
correspond to CEOs in their last three years vs. CEOs with more than three years remaining,
we divided the completed-spell subsample into two groups and estimated the following
regression:

1988

3.8) Aln(wy) = og + ay(Few Years Left); + Zan(n“‘ year dummy);;
1972

+ [Bo + B1(Few Years Left); + lq}igﬁn(n“‘ year dummy);]*Aln(Vio),
n=1972
where (Few Years Left);, is a dummy variable equal to one if the i" CEO is in the last three
years of his career in fiscal year t.

Column (1) of Table 2 reports estimates of regression (3.8) for the completed-spells
subsample. CEOs serving in their last three years as CEO are assigned to the "Few Years Left”
category. The (unreported) estimated coefficients on the (Shareholder Return)*(Year)
interactions range from .02 to .20 (with a median of .13), indicating that CEOs with many
years remaining receive between .2% and 2.0% raises for every 10% return realized by
shareholders. The (Few Years Left)*(Shareholder Return) coefficient of .0436 implies that
CEOs with few years remaining receive an additional .44% raise for every 10% return realized

by shareholders. Thus, based on the median year interaction, each 10% change in shareholder

wealth corresponds to 1.3% changes in cash compensation for CEOs more than three years
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from retirement, compared to 1.7% pay changes for CEOs in their final three years. The
Return*(Few Years Left) coefficient is highly significant (t=3.0), which we interpret as
empirical support for the Hypothesis H1.
Our definition of Few Years Left—CEO:s in their last three years—is arbitrary. We re-
estimated the regression in column (1) of Table 2 for three alternative definitions of Few Years
Left: executives in their last one, two, and four years as CEO. The estimated (Few Years
Left)*(Sharcholder Return) interaction coefficient is positive in all cases and is significant
except when Few Years Left is defined as CEOs in their final year. We believe this
insignificance reflects both small sample size and non-performance-related payments made to
CEO:s in their last year. We also re-estimated the regression in column (1) of Table 2 after
eliminating CEO’s in their final year. The estimated (Few Years Left)*(Shareholder Return)
interaction coefficient in our re-estimated regression is positive but only marginally significant.
The results in Table 2 support hypothesis HI, but also support an alternative
hypothesis: CEOs whose total stay in office is only a few years may have higher pay-
performance elasticities than do CEOs who stay in office longer, independent of years
remaining until retirement. We tested this alternative hypothesis by repeating the regressions in
Table 2 for the subsample of CEOs who had spent at least five years in office upon retirement.
None of the qualitative results in Table 2 are changed, suggesting that our results are not driven
by cross-sectional (negative) correlation between total time in office and the pay-performance

clasticity.

Performance Pay and CEO Tenure

Hypothesis H2 predicts that, holding years remaining as CEO constant, the pay-
performance elasticity increases with tenure because managerial ability becomes estimated with
less uncertainty. We test this hypothesis in the regression reported in column (2) of Table 2,
which includes controls for CEO tenure: compared to column (1), the new regressors are "Low

Tenure,” a dummy variable that equals one if the CEO is in his first four years as CEO, and
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Low Tenure interacted with shareholder return. Our model predicts a negative coefficient on
the (Low Tenure)*(Shareholder Return) interaction. The positive (but insignificant) coefficient
in column (2) is inconsistent with this hypothesis. Under a plausible alternative formulation of
the theory, however, the pay-performance relation is not predicted to increase with tenure:
suppose (as in Holmstrom, 1982) that managerial ability is not a fixed parameter n but rather
varies over lime as n4 =T, + v;, where the innovations v, are independent and Normally
distributed. In the steady state, the market's uncertainty about the CEO's ability is time-
invariant and so independent of the CEO's tenure. Thus, hypothesis H2 would not be a

prediction of this alternative model.

Estimates Based on the Full Sample

The completed-spells subsample of 1,292 CEOs (6,737 CEO-years) who left office
during the 1970-1988 sample period represents only about half of the 1,900 CEOs (11,359
CEO-years) in the full sample (after constructing first differences and eliminating observatons
with missing data). CEOs in the full sample but not in the completed-spells subsample include
CEOs still serving at the end of the 1988 fiscal year and CEOs of firms that were deleted from
the Forbes survey.!? Data from these additional observations are useful for two reasons.
First, although we cannot tell whether the CEO's final observed year corresponds to one of his
last three years in office, for many CEO-year observations we can tell whether he has more
than three years remaining as CEO. Second, data from these additional observations can be
used to estimate more precisely the year effects and (Shareholder Return)*(Year) interactions in
columns (1) and (2) of Table 2.

Column (3) of Table 2 reports results from the re-estimation of column (2) for the full

sample of CEOs, including CEOs who did not leave their firms during the sample period. The

12 A (otal of 623 firms were deleted from the Forbes surveys during the 1970-1988 sample period. Of these,
277 were still "going concerns” as of 1989, 290 werc acquired by or merged with another firm (127 of these
were acquired or merged within two years of the Forbes dclisting), and 56 liquidated, went bankrupt, or went
private.
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regression contains two additional explanatory variables: "Can't Tell If Few Years Left," a
dummy variable that equals one if the CEO-year observation is in the last three years of the data
on a CEO who does not belong to the completed-spells subsample, and an interaction of this
dummy variable with Shareholder Return. The results arc‘ similar to those reported in column
(2) and are consistent with the primary implication of the career-concerns theory: the pay-

performance elasticity increases as the CEO approaches retirement.

Years Remaining and Pay for Lagged Performance

Hypotheses H3 and H4 predict that the relation between current CEO pay changes and
the previous year's performance should decline with both years remaining as CEO and CEO
tenure. We re-estimated the regressions in Table 2 after including lagged sharcholdér return
and interactions of lagged return with Few Years Left, Low Tenure, and the seventeen year
dummy variables. The magnitude and significance of the coefficients reported in Table 2 were
not affected By including lagged performance, reflecting the low correlation between current
and past stock returns. The coefficients on the new interaction terms—(Lagged Retum)*(Few
Years Left) and (Lagged Return)*(Low Tenure)}—were insignificant in all regressions. Thus,

hypotheses H3 and H4 are not supported by our data.

Performance Pay and Expected Years Left as CEO

In formalizing the theory of optimal contracts in the presence of career concerns, we
assumed that the CEO's final year is known with certainty, but some executives may retire
earlier or later than they were originally expected to retire. The effect of career concerns on
optimal explicit incentives may therefore depend more on the expected years remaining as CEO
than on the CEO's actual years remaining (as measured after retirement has been observed).

As shown in Panel C of Figure 1, many CEOs leave office when they reach age 64 or
65. One estimate of the expected years remaining is therefore the number of years rcrﬁaining

until the CEO reaches 65. We re-estimated the regression in column (1) of Table 2 after
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replacing "Few Years Left" with "Few Expected Years Left," a dummy vanable that equals one
if the CEO is age 62 or older (i.e., within three years of reaching age 65, or older than age 65).
The coefficient on the interaction term (Few Expected Years Left)*(Shareholder Return) was
positive but statistically insignificant. Thus, hypothesis H! is not supported when "age 62 or
older" is used as a proxy for few expected years remaining.

The board of directors’ assessment of a CEQ's horizon is based in part on information
not available to us, including the CEQ’s health, potential replacements, and implicit or explicit
retirement policies. One interpretation of the insignificance of the (Few Expected Years
Left)*(Shareholder Return) interaction term is that, because of the information not available to
us, actual years remaining (i.e., "Few Years Left" in Table 2) is a better proxy for expected
years remaining than is the CEO's age. Furthermore, whatever measure we use to assign
CEO-year observations to the "Few Years Left” category, if our theoretical model is correct
then errors in this assignment process will bias our empirical results against the prediction of
the model, as follows. In Panel C of Figure 1, 40% of the CEOs left office before the age of
60 or after the age of 66. Thus, an older CEO may still have a long remaining career (and
therefore would have small explicit incentives, according to our model), so including such a
CEO in the "Few Years Left" category biases downward the coefficient on the (Few Years
Left)*(Shareholder Return) interaction term. Similarly, excluding a younger CEO from the
“Few Years Left" category when he is in fact near retirement (and therefore has large explicit

incentives, according to our model) also biases the interaction coefficient downward.

Other Sources of Heterogeneity in the Pay-Performance Relation

As noted previously, regression (3.6) allows the pay-performance relation to vary with
years remaining as CEO but ignores other potential sources of pay-performance heterogeneity,
such as the effects of firm size. We now motivate our use of the logarithmic specification to
control for size-related heterogeneity, and also describe our attempts to control for other

potential (but unknown) forms of heterogeneity.



ROBERT GIBBONS AND KEVIN J. MURPHY 29 JeLy, 1991

Column (1) of Table 3 reports estimates of the non-logarithmic version of regression
(3.8) for the 1,292 CEOs in the completed-spells subsample. The coefficient on the interaction
A(Shareholder Wealth)*(Few Years Left) is positive but insignificant, suggesting that the pay-
performance relation is independent of years remaining as CEO. The regression in column (2)
includes two interaction terms, AV *Sales and AV *Sales2, to allow the pay-performance
relation to vary quadratically with firm size as measured by net sales (in millions of 1988-
constant dollars). Based on the average of the unreported (AShareholder Wealth)*(Year)
effects, the coefficients in column (2) suggest that CEOs in median-size firms (sales of $2.0
billion) receive average pay changes of .93¢ for every $1,000 change in shareholder wealth.
CEOs at the 10th percentile (sales of $400 million) and 90h percentile (sales of $8.2 billion)
receive average pay changes of .99¢ and .70¢, respectively, for every $1,000 change in
shareholder wealth. Including the size interaction terms in column (2) increases the magnitude
and significance of the AV *(Few Years Left) coefficient, although it remains insignificant.

The increase in the interaction A(Shareholder Wealth)*(Few Years Left) from column
(1) to column (2) of Table 3 suggests that it is important to control for size-related
heterogeneity in the pay-performance relation when testing for career concerns in CEO
compensation contracts. Because the pay-performance elasticity is relatively invariant to firm
size, one way to control for size-related heterogeneity is to convert the regression variables to
percentage changes or logarithmic changes; see, for example, Coughlan and Schmidt (1985)
and Gibbons and Murphy (1990).

Column (3) of Table 3 repeats the elasticity specification (3.8) reported in column (1) of
Table 2. Column (4) of Table 3 includes interaction variables to allow the pay-performance
elasticity to vary quadratically with size as measured by net sales. Although the size-interaction
variables are individually insignificant, they are jointly significant (at the 2% level), indicating
that pay-performance elasticities are slightly higher for larger firms. The estimated cocfﬁcicm

on the (Shareholder Return)*(Few Years Left) interaction in column (4), however, is extremely
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close in magnitude and significance to its counterpart in column (3). These results suggest that
the logarithmic specification removes size bias from the estimated career-concerns coefficient.
Although the logarithmic specification controls for size-related heterogeneity in the pay-
performance relation, other sources of potentially important heterogeneity remain. Some of the
heterogeneity reflects secular trends, which can be controlled for by including year interaction
variables, but other possible sources of heterogeneity reflect firm or industry factors not yet
incorporated into our theory or specification. We attempted to control for these factors by

allowing the pay-performance elasticity to vary across firms:

1918
(3.9) Aln{w;) = aj + ay(Few Years Left)j + Zlan(n’h year dummy)j
a=1972

. 1988
+ [B; + B1(Few YearsLefi)y + 9 Ba(n'h year dummy); ] *Aln(Vi),

n=1972

where o; and p; are firm-specific intercepts and pay-performance elasticities, respectively.

We estimated regression (3.9) for the subsample of 625 CEOs from the completed-
spells subsample that had at least four years of data.13 The estimated coefficient on (Few Years
Left)y is positive (B1=.0297) but insignificant (t=1.4). The point estimate, however, is similar
in magnitude 1o the coefficient in column (1) of Table 2 (;=.0436), which constrained the pay-
performance elasticities to be equal across firms. Thus, our support of hypothesis H1 is
somewhat diminished after controlling for firm-specific heterogeneity by allowing the pay-

performance elasticity to vary across firms.

13 We estimated (3.9) in two stages. In the first stage, we regressed the dependent and each of the independent
variables in (3.9) on sharcholder return, Aln(V;). by CEO. In the second stage, we regressed the residual from
the first-stage regression involving the dependent variable in (3.9) on the residuals from the first-stage
regressions involving the indcpendent variables in (3.9). After adjusting standard crrors for the correct degrees of
freedom, the results from the second-stage regression are cquivalent to estimating (3.9) with CEO-specific
intercepts and slopes (on sharcholder return).
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4. Conclusion

The driving force behind our theoretical analysis is that an individual's actions are
influenced by career concerns. We extend previous research by showing that career concems
can have important effects on incentives even in the presence of contracts. We also show that
optimal compensation contracts neutralize career-concern incentives by optimizing the total
incentives from the contract and from career concerns—explicit contractual incentives are high
when implicit career-concern incentives are low, and vice versa. In developing our model, we
have kept the analysis tractable by making strong assumptions. Weaker assumptions would
undoubtedly allow additional effects to emerge, but our primary qualitative results—that career
concerns affect incentives and that optimal contracts account for these imlplicit incentives—
seem likely to be robust.

Perhaps the most natural application of the idea that optimal incentive contracts optimize
total incentives is to promotions.’4 It would be useful to integrate our model of optimal
contracts in the presence of career concerns with a dynamic model of learning and job
assignment. The latter could involve symmetric learning, as in MacDonald (1982) and Murphy
(1986), or asymmeiric learning (where the current employer learns a worker's ability faster
than a prospective employer does), as in Waldman (1984) and Ricart i Costa (1988). Such a
model would endogenize transitions between jobs, which would improve upon the T-period

career we take as exogenous.

14 Rosen’s (1986) model can be interpreted in terms of promotions but docs not allow new jobs to have ncw
wechnologics or for workers 1o be maiched to jobs.
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Appendix

This Appendix discusses three issues: (1) the assumption that short-term contracts are

linear; (2) renegotiation-proof long-term contracts; and (3) the solution to the T-period model.

1) Linear Short-Term Contracts

To keep our theoretical analysis simple, we assumed that short-term (i.e., one-period)
contracts are linear in output. Holmstrdm and Milgrom (1987) demonstrate that a model much
like the single-period version of our model (but lacking the uncertainty about the agent's
ability, ) can be reinterpreted so as to ensure that the optimal contract is linear. The key step
in the Holmstrém-Milgrom model is to reinterpret output in the single-period model as the
aggregate of outputs over time in an underlying dynamic model, as follows:

Suppose a worker is to be employed for a year, but can control the production process
on a day-to-day basis. Each day's production is an independent Bernoulli trial (i.e., output is
either high or low, and increased effort on a given day increases the probability of output being
high that day). The worker observes output each day, and so can choose future effort levels in
response to past output realizations. After rewriting the worker's utility function in (2.2) to
accommodate this underlying dynamic model, Holmstrdm and Milgrom show that the optimal
compensation contract for the year is equivalent to repeating the static contract that is optimal |
for each one-day incentive problem. Therefore, the optimal contract for the year depends on
only the aggregate output produced during the year and is linear in this aggregate.13 In the
limit (as the output that a Bernoulli trial represents shrinks from that of a day to that of an

instant, in a suitably normalized fashion), the worker continuously controls the drift of a one-

15 The optimal one-day incentive contract specifics a wage w* 10 be paid if output is high (x*), and a wage w°
10 be paid if output is low (x7). If therc are H high-output days during an N-day year, then the year's wage is
Hw* + (N-H)w = H(w*-w’) + Nw", which is indeed linear in the year's output, Hx* + (N-H)x".
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dimensional Brownian motion. Again, the optimal compensation contract is linear in aggregate
output, and now aggregate output is Normally distributed, just as is g in (2.1).

In the Holmstrom-Milgrom model, a contract that is linear in year-end aggregate output
provides the agent with a constant incentive for effort on each day of the year (while a step-
function contract of the kind analyzed by Mirrlees (1974) would provide very different
incentives). We believe that there is a good deal to be said for providing the agent with a
constant incentive for effort, even when uncertainty about the agent's ability creates a new need
for insurance. Given the Holmstrém-Milgrom linearity result, our assumption (A1) amounts to
assuming that this insurance is provided by reducing the slope of the linear contract that would

be optimal in the absence of such uncertainty.

2) Renegotiation-proof Long-Term Contracts

We now relax our assumption that long-term contracts are not feasible. Ins.tcad, we
assume that (linear) long-term contracts are feas'iblc but must be Pareto-efficient (1".e.,
renegotiation-proof) at each date. To keep the argument simple, we consider only the two-
period case. Suppose that at the beginning of the first period, prospective employers
simultaneously offer a worker rwo-period contracts of the form (wi(y1), w2(y1,y2)). We
assume that the contract the worker accepts binds both the firm and the worker, but that the
parties will renegotiate the contract if it is Parclo-inefﬁcient at the beginning of the second
period (i.e., after first-period output is observed).

We continue to assume that one-period contracts must be linear: wi(y1) =ci + biy; and
wa(y1,y2) = c2 + b21y1 + ba2y2. Renegotiation-proofness then implies that bz = b; from
(2.13) and hence that the worker's second-period effort choice is az(b’;) satisfying (2.6).
Furthermore, given the utility function (2.2), we can set by = O: any desired dependence of
first- and second-period wages on first-period output can be replicated through the appropriate

choice of bj. Thus, the worker's optimal first-period effort choice a’r(bx) is given by the first-
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order condition g'(a;) = by. The first-period competition among prospective employers

therefore amounts to choosing ¢y, by, and ¢7 to maximize the worker's expected utility,

(A2.1) -E{exp (-rlcy + bytn+al(by)+er) - glan)

- r8[cg + b (n+as (b3 )+e2) - g@z(dIN]) ).
subject to a zero-expected-profit constraint for the firm,
(A2.2) ¢y + 8cg = (1-by)[mo + a3 (b1)] + 8(1-by){mo+ a3(b3)] -

Arguments parallel to those in the text then show that the optimal first-period slope satisfies

_ i _r8bj ol g"[a1 (b1)]
1+rxigalby] 1 +r1£2g"[a)(by)]

(A2.3) by

which is precisely the optimized value of By given in the text—the optimal total incentive in the
career-concerns model. Thus, the sequence of one-period contracts we identify as optimal in
the text provide exactly the same incentives as would the optimal renegotiation-proof long-term

contract derived here.

3) The T-Period Model

We first derive the first-order condition (2.24), the expected utility (2.25), and the
optimal total incentive given implicitly in (2.26). We then prove that contractual incentives
increase monotonically: for any t <T, bf < b‘:l.

Substituting (2.21), (2.22), and (2.23) into the worker's utility function (2.2) yields
the worker's utility from a scquéncc of contracts with slopes (bj, ..., br) and associated
intercepts given by (2.21), given the market's conjectures (&, ...,47), the worker's effort

choices (ay, ..., at), and the output realizations (yj, ..., yT)!
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(A3.]) U = -exp (-r{z"rﬂ 81 [c + by, - 8(30]} )

. (-b)etm
-exp (r{ T, 8" [(l-bt)ac«“m + byt - gla)

H

(1-b)o? _ )
+ el 2t a0]))

. (1-bpe? mg
-CXP('T{ T:; 8! Ul-bl)aﬁm + by - gla)

1-bg)a?
b1 SR ]

=l g2+ (T-1)0?

: 1-be?
- exp (-r{ E-{:x st-1 [5x + é—_;%_‘—l[;?g - g(a) + By(y: - 5()] })

1-b)o?
cexp (+{ 3T 8+ [a‘+%“%% - g(a) + Bia- 3] })

« exp( -r{zL 8-1B (n+e) })

where B, is defined in (2.24). To apply (2.12) to the last term in (A3.1), note that ET=1 st-1

By (1 + &) is Normally distributed with mean M and variance V, where
M= (ZT=1 st1 BY) mg and

V= (Z};l s-1B)2 a2+ ZLI (8*1 BpZa? .
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Maximizing the worker's expected utility with respect to (aj, ..., ar) then yields the first-order
conditions (2.24). After imposing the equilibrium condition (41, ....41) = (a}, ... aT), the
worker's expected utility from a sequence of contracts with slopes (by, ..., bt) becomes

1-bpo?
EU = - exp (-r{ 3T, 51 [at +f,—§—;%—,‘{§;—‘} _g(a?) + Bano] })

- exp ( -lz-r2 {(ZLI §-1B)2 02+ Y 1, (8“1 BY2a? .

which simplifies to (2.25). To show that (2.26)—the first-order condition for the optimal total
incentive—is sufficient, note that the expected utility (2.25) is quasi-concave in By, because it
is concave for B < 1 and (using Lemma 1 below) decreasing for By 2 1.

We now show that by < by for any t < T. We begin by showihg (by induction) that
Bf < 131:1 for any t < T. Restating (2.26) yields the first-order condition for Bf:
(A3.2) L-B - rgeh) (2B + o T5vBI =0,

T=t+1

where T2, = 6 + 2 and o}= 6} 07 / (107 + G7) is the conditional variance of n given the
previous t output observations. Since the objective function is quasi-concave, the left side of
(A3.2) is negative (positive) when evaluated at an arbitrary B> (<) BY. Thus, BY < B/ if
and only if

T
(A3.3) 1-BY - re(at) (BB + 0 T8BI]<0,

T=t+1

where g“(aﬁzl) appears in (A3.3) because g'(a) = B, from (2.24). Lemma 2 below uses the
first-order condition for B.5; analogous to (A3.2) to restate (A3.3) in a more convenient form.

Lemma 3 then uses the induction hypothesis B/ < B,Y, to prove that this restatement of
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(A3.3) holds. To show that B}k < Bl:l for any t < T, it then remains to show only that the

initial induction step BT' < B} holds, which follows because (A3.2) applied to period T yields
(A34)  (1-B})-rg'en) 2}BT = 0,
so £} < I1%; implies

(1-B}) - rg"(an) [BTEf%) + 01%8B7 <0,

analogous to (A3.3). Finally, Lemma 4 uses another induction argument to show that

b¥ < by foranyt<T.

T
Lemma 1: Foreachte (1, .. T-1}, I sv{B:>0.

T=t+1

T
Proof. By induction. Fort=T-1, B} > 0 from (A3.4). Fort<T-1, suppose T 8§71 BY 2

1=t+2

0. We must show

T * * T *
(A3.5) T8IBT =8B +6 L& IBI20 .

T=t+1 T=t+2

Suppose (A3.5) fails. Then (A3.2) implies

T N
1-roigi(aw) X8 1
T=1+2

T *
<- Y &t1BY ,

(A3.6) By =
1 +r 2(31 g"(alil) T=t42

T
which implies 3, 8711 B <-1/[1 +r ol g"(alfl)] < 0, which contradicts the induction
=142

hypothesis. Q.E.D.

Lemma2: BY < B} if and only if
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oo ¥ * * Of:
(A3.7) rg"(awe1) Cf: (1-8) By - (1 - Bi+1) s . 1 5 >0.
O, + C¢

Proof. We argued above that B} < B,Y, if and only if (A3.3) holds. Using (A3.2) applied to

period t+1 we can eliminate the summation in (A3.3) and rewrite that inequality as

1- Bl:] - rg"(alfx) [23*’ 50;.21] Bl:l

>y (1-Bd - rg"(ac) 3 B <0 .

56,4
{
Applying the definitions of o7 and X then yields (A3.7). Q.E.D.

Lemma 3: 1f B, < B3, then

ol
(A3.8) rg"(acs1) O (1-8) &L-(l-&io( — -8 ]>0,
o + ¢

which implies (A3.7).

Proof. Using (A3.2) for periods t+1 and t+2 we have

! - Blrl - rg"(a1:1) 2‘31 Bt:l
rg"(ai41)0°

* v * *
1 - B2 - 12" (a+2) 2‘32 B2

" *
rg (al+2)o-uz-1

=B+

or

(A3.9) g' @l [1-Ba - rg"(as) 7 B
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+8g"(as)o? [Bz + 1g"(al) 2Bz - 1] =0.
Define
" 2 * " * 2 *
h(B) = g"(a)o,;; [1 -Bu1 - 1g"(a1) L5, BH]]

+8g"(as1)o? [B +1g"(a) 6B - 1]

where g'(a) = B, so that (A3.9) may be restated as h(B,:z) =0. Then Lemma 1 and g"(a) 2 0
imply that h'(B) > 0. Therefore, the induction hypothesis B.s1 < Bs2 implies that h(B};) < O,
which simplifies to (A3.8). To establish (A3.7) from (A3.8), note that o} < 6,% and that
Lemma 1 and (A3.2) imply B5; < 1. Q.E.D.

Lemmad4: 1fBY <B.Y, forallt<Tthen bf < b forallt<T.

Proof. Since bt = BT and bry < B, we have bryg < br. We now complete the proof by
showing that if by} < b3z < ... < bf and Bf < B,}) then by < b,5;. From (2.24) applied to

periods t and t+1 we have

T o7
Bi=bf+ ¥ &%t(1-b)————
1=t+1 o2 + (1-1)a?

and

T o;
B, =bX + §T-t-1 (l-b*)———-—°———
1+1 t+1 t}(iz 1 0'3 + (‘t-l)cg

T-1 2
=bli+ I &b S
t=t+1 o + 104

Thus, B} < B,y; implies b} < by} provided that
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T o T1 . o?
3 L (1bY) ——— - T & (lbd) 5 >0,
T 2 2
=141 a2+ (t-1)og  1=141 o + 10,

which follows from bf < 1 and b% < bey; for v = t+1, ..., T-1. QE.D.
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Figure 1

Frequency Distributions for CEO Tenure, Firm Tenure, Age, and Years Remaining in Office
for CEOs Leaving Office During the 1970-1988 Sample Period*

Panel A Panel B

Number of CEOs
Number of CEOs
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most 18 years remaining).

* Histograms and statistics are based on 1.631 CEOs, representing 916 firms and 8,786 CEO-Years, leaving their
firms during the 1970-1988 sample period. The empirical results in the paper are based on the subsample that
remains after constructing first-differences and eliminating observations with missing performance data. This
subsample includes 1,292 CEOs serving in 785 firms, or a total of 6,737 CEO-years.
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Table 1

Tenure, Compensation, and Corporate Summary Statistics for “Completed-Spell Sample” of CEOs Leaving
Office During the 1970-1988 Sample Period, Grouped by Years Remaining as CEO*

All CEOs leaving CEOsintheir CEOsnotin  Test Statistic

office during Last Three their Last Three for
Variable Sample Period Yearsin Office  YearsinOffice  Difference®
m ) £)) C))
Number of CEO-Years 6,737 3,117 3,620
Panel A.
CEQ Characteristics
Mean Age 59.1 612 573 1=29.4*
Mean Tenure in Firm 26.8 284 254 t=10.8*
Mean Tenure as CEO 8.9 9.6 8.2 =8.6*
Mean Years remaining as CEO 38 10 6.2 =937
until end of final fiscal year®
Panel B.
Compensation Statistics
Mean Salary + Bonus $562,500 $592,800 $536,400 =8.0*
Mean Total Compensationd $616,300 $649,000 $588 200 1=6.8*
A(Salary + Bonus) Mean: $25,500 $28,400 $22,900 =18
Sid Dev: $123,300 $140,400 $106,500 F=17*
A%(Salary + Bonus) Mean: 6.6% 7.0% 6.2% =13
Std Dev: 23.4% 26.7% 20.0% F=18*
Panel C.
Firm Characteristics ($millions) .
Mean Total Sales $4.239 $4,417 $4,087 =15
Mean Market Value of Stock $2,352 $2,511 $2,216 =2.1*
A(Sharcholder Wealth)  Mean: -$53 -$19 -$83 =14
Sud Dev: $1,892 $2,077 $1,717 F=15*
Shareholder Return® Mean: 1.8% 1.8% 1.8% 1=0.1
Sid Dev: 31.5% 31.2% 31.8% F=10*
Mean Fiscal Year 1977.7 1979.1 1976.5 1=24.4

b

The sample is constructed from longitudinal data reported in Forbes on 1,292 CEOs serving in 785 firms who leave
their firms during the 1970-1988 sample period. Monetary variables are in 1988-constant dollars.

* indicates that the difference between columns (2) and (3) is significant at the 5% level. F-statistics test the
equality of subsample variances with 3,116 and 3,619 degrees of freedom.

(Tenure as CEQ) and (Years Remaining as CEQ) are evaluated in the middle of the fiscal year. Thus, a CEO retiring at
fiscal year-end would have .5 years remaining. This measure understates actual years remaining since it ignores
time served aficr the end of the CEO's final full fiscal year.

Total Compensation includes salary, bonus, value of restricted stock, savings and thrift plans, and other benefits
but does not include the value of stock options granted or the gains from exercising stock options.

Curnulative rate of retum on common stock, defined as fog(1 + annual return).



ROBERT GIBBONS AND KEVIN J. MURPHY 45 JuLy, 1991

Figure 2
Estimated Pay-Performance Elasticities, by Years Remaining as CEO
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The figure depicts estimated coefficients from equation (3.7) in the text, given below, and is drawn assuming a year
effect of .06, which is the average of the 17 estimated year coefficients. Standard errors for each estimated coefficient
in italics. The group T-15 includes a small number of CEOs with more than 15 years remaining.

1988

Aln(w;y)) = a+ Zun(nu‘ year dummy )it
o=1972
15 1988
+ {Eﬁt(CEO has T years left);; + Z B“(n‘h year dummy)il] *Aln(V;)
=0 n=1972

Each of the estimated elasticities for CEOs in their final year, second-to-last year, and third-to0-last year (.178, .203,
and .183, respectively) is significantly higher than the estimated elasticity for CEOs in their (ifth to last year (.119)
and sixth-to-last year (.116); no other pairs of coefficients in the figure (including pairs involving the highest
estimated elasticity, for CEOs in their eleventh-to-last year) are significantly different at the 5% level.
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Table 2

Coefficients of Ordinary Least Squares Regressions of Aln(CEO Salary + Bonus) on Shareholder Return,
including intcractions to allow the Pay-Performance Relation to vary with
Year, Years as CEO, and Years Remaining as CEQ*
(1-statistics in parentheses)

Dependent Variable: Aln(CEO Salary + Bonus)

t Predicted Subsample of CEOs who
Variable Sign Retire Between 1975-1988 Full Sample
m 9] 3)

Few Years Leftb -.00%0 -.0056 -.0085
(Dummy Vanable) -2.0) -1.2) (-2.0)
Low Tenure® . L0396 0435
(Dummy Variable) 84) (11.2)
Can't tell if Few Years Leftd —_ — -0095
(Dummy Variable) (-14)
(Few Years Left) +) 0436 0429 .0383
*(Sharcholder Retumn) 3.0 3.0 (2.9)
(Low Tenure) ) __ 0032 .0199
*(Shareholder Retum) (0.2) (1.6)
(Can't tell if Few Years Left) _ _ 0335
*(Sharcholder Return) (1.8)

R2 0833 0929 0927

Sample Size 6,730 6,730 11,360

* The sample is constructed from longitudinal data reported in Forbes on 2,236 CEOs serving in 1,204 firms
from 1970-1988. The subsample in column (1) includes 1,292 CEOs serving in 785 firms leaving their
firms during the sample period. Compensation is measured in thousands of 1988-constant dollars. All
regressions also include intercepts, year dummies, Shareholder Return and Shareholder Return interacted

with the year dummies, allowing the pay-performance elasticity to vary by year.

b (Few Years Left) is a dummy variable that equals one if the CEQ is in his last three years as CEO.
¢ (Low Tenure) is a dummy variable that equals one if the CEQ is in his first four years as CEO.
4 (Can't tell if Few Years Left) is a dummy variable that equals one if the CEO-year observalion is in the last

three years of the data on a CEQ who does not belong to the completed-spells subsample.
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Table 3

Coefficients of Ordinary Least Squares Regressions of A(CEO Salary + Bonus) on A(Shareholder
Wealth) and Aln(CEO Salary + Bonus) on Shareholder Retum, including interactions to allow
the Pay-Performance Relation to vary with Years Remaining as CEO and with
Firm Size as measured by Sales
(t-statistics in parentheses)

Dependent Variable: Dependent Variable:
Independent Variable A(CEO Salary + Bonus) Aln(CEO Salary + Bonus)
) @ €)) @
Few Years Leftd -3.06 2263 -.00%0 -.0091
(Dummy Variable) (-1.0) (-0.9) (-2.0) (-2.0)
(AShareholder Wealth)*(Sales) _ 4.0x107 . _
(42)
(AShareholder Wealth)* (Sales)? — 3.1x1012 _ _
€N))
(AShareholder Wealth)* (Few Years Lef() 0008 0025 _ _
0.4) 1.2
(Shareholder Retum)*(Sales) - _ _ 2,7x10¢
(1.5)
(Shareholder Return)*(Sales)? _ _ _ -3.2x1012
(-0.1)
(Sharcholder Retum)*(Few Years Left) _ _ 0436 0432
3.0 (.0)
R2 0426 0452 0833 0845
Sample Size 6.727 6,727 6,730 6.730

* The sample is constructed from longitudinal data reporied in Forbes on 1,292 CEOs serving in 785 firms
who leave their firms during the 1970-1988 sample period. Compensation is measured in thousands of
1988 -constant dollars; A(Shareholder Wealth) and Sales are measured in millions of 1988-constant
dollars. All regressions include intercepts and year dummies. Columns (1) and (2) include AShareholder
Wealth and ASharcholder Wealth interacted with the year dummies, allowing the pay-performance
sensitivity to vary by year; columns (3) and (4) include Shareholder Return and Shareholder Return
interacted with the year dummies, allowing the pay-performance elasticity to vary by year.

b (Few Years Left) is 2 dummy variable that equals one if the CEO is in his last three years as CEO.
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Appendix Figure Al
Time Trends in the Estimated Relation Between Pay and Performance, 1971-1988
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Estimated pay-performance sensitivities, by year. Figure is based on annual regressions
of A(Salary + Bonus-Sthousands) on A(Sharcholder Wealth-Smillions) using Forbes data
on 2,236 CEOs serving in 1,204 fims. Each ycar's regression is based on approximately
650 observations.
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FIGURE A2

Estimated pay-performance elasticities, by year. Figure is based on annual regressions
of Aln(Salary + Bonus-$thousands) on Aln(Shareholder Wealth-Smillions) using Forbes
data on 2,236 CEOs serving in 1,204 firms. Each ycar's regression is based on
approximately 650 observations.
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