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Optimal Incentive Contracts in the Presence 
of Career Concerns: Theory and Evidence 

Robert Gibbons 
Cornell University and National Bureau of Economic Research 

Kevin J. Murphy 
Harvard University 

This paper studies optimal incentive contracts when workers have 
career concerns-concerns about the effects of current performance 
on future compensation. We show that the optimal compensation 
contract optimizes total incentives: the combination of the implicit 
incentives from career concerns and the explicit incentives from the 
compensation contract. Thus the explicit incentives from the opti- 
mal compensation contract should be strongest for workers close to 
retirement because career concerns are weakest for these workers. 
We find empirical support for this prediction in the relation between 
chief executive compensation and stock market performance. 

I. Introduction 

This paper studies career concerns-concerns about the effects of 
current performance on future compensation-and describes how 
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optimal incentive contracts are affected when these concerns must 
be taken into account. Career concerns arise frequently: they occur 
whenever the (internal or external) labor market uses a worker's cur- 
rent 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 retire- 
ment because a longer prospective career increases the return to 
changing the market's belief. A worker who is further from retire- 
ment 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 disci- 
plined through the managerial labor market: superior performances 
will generate high wage offers; poor performances, low offers. Holm- 
strom (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) and not 
hard enough in later years. We conclude from Fama's and Holm- 
strom's work that contracts are necessary to provide managers with 
optimal incentives. 

In this paper, we add contracts to the Fama-Holmstrom 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 com- 
pensation contract should be strongest for such workers; for young 
workers it can be optimal for current pay to be completely indepen- 
dent 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 competi- 
tion 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 dis- 
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tinguish 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 promo- 
tion opportunities are plentiful (as in expanding organizations) rather 
than scarce. Current pay should be most sensitive to current perfor- 
mance for workers close to retirement and for workers with no pro- 
motion opportunities (such as workers at the top of the corporate 
hierarchy or other job ladder and workers in declining organiza- 
tions).' 

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 concerns 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 
percent change in shareholder wealth corresponds to 1.7 percent 
changes in cash compensation for CEOs less than three years from 
retirement, but only 1.3 percent pay changes for CEOs more than 
three years from retirement. Thus for a CEO earning $562,000 (the 
sample average), a 10 percent change in shareholder wealth corre- 
sponds to a $9,500 change in cash compensation for a 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 preced- 
ing retirement. 

In order to analyze both the implicit incentives from career con- 
cerns 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 concerns are to arise, the fourth is necessary 
if explicit incentives are to be considered, and the fifth (or something 
like it) is necessary so that optimal contracts do not completely elimi- 
nate career concerns. Other models of career concerns-such as 

I Rosen (1986) makes a similar observation in the context of elimination tournaments 
or promotion ladders: 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 to subsequent rounds 
with larger prizes. 
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Fama (1980), Holmstrom (1982), and MacLeod 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), Holmstrom and 
Milgrom (1987), and Fudenberg, Holmstrom, and Milgrom (1990)- 
incorporate incentives, contracts, and risk aversion but not learning 
or market forces. Finally, other dynamic insurance models-such as 
Harris and Holmstrom (1982)-incorporate risk aversion, contracts, 
learning, and market forces but not incentives.3 

II. Theoretical Analysis 

Consider a worker who works for T periods. In period t, the worker 
controls a stochastic production process in which output (yt) is the 
sum of the worker's ability (Qq), the worker's nonnegative effort (at), 
and noise (Et): 

Yt = V+ at + Et,(1 

Before production begins, there is symmetric (but imperfect) infor- 
mation about the worker's ability: the worker and all prospective em- 
ployers believe that 1q is normally distributed with mean mo and 
variance ao. The error terms are normally distributed with mean zero 
and variance a2 and are independent of each other and of ability, lq. 

We assume that employers are risk neutral but that the worker has 
the following exponential utility function: 

U(w,. . ., WT; al, ... * aT) = -exp( -r{ Z1t[wt -g(at)4) (2) 
t= 1 

where wt is the wage paid in period t and g(at) measures disutility of 
effort. We assume that g(at) is convex and satisfies g'(0) = 0, g'(oo) 

2 Career concerns are related to 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). These models 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 to 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 (1992) 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. 

3 Holmstrdm and Ricart i Costa (1986) extend the Harris-Holmstrom model by add- 
ing an observable action based on private information, as opposed to the unobservable 
action based on symmetric information considered here. MacDonald (1982) and Mur- 
phy (1986) analyze the effects of learning and market forces on job assignment rather 
than on insurance contracts. 



472 JOURNAL OF POLITICAL ECONOMY 

=o, and g"' - 0. (The assumption that g"' - 0 is a sufficient condition 
for certain maximization problems to be concave and for several intu- 
itive comparative static results to hold.) Note that (2) is not the addi- 
tively separable exponential utility function often encountered in the 
literature: (2) implies that the worker is indifferent among all deter- 
ministic wage streams with constant present value (computed using 8 
as the discount factor), just as though the worker had access to a 
perfect capital market. 

To keep our theoretical analysis simple, we make two assumptions 
about contracting possibilities: (1) short-term (i.e., one-period) con- 
tracts are linear in output, and (2) long-term (i.e., multiperiod) con- 
tracts are not feasible. Our assumption that short-term contracts are 
linear is obviously convenient: we wish to formalize the idea that 
contractual incentives should be strong when career concern incen- 
tives are weak, and the strength of the contractual incentives is easily 
summarized by the slope of the linear contract. Furthermore, Holm- 
strom 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, 1q) can be interpreted so as to ensure that the 
optimal contract is linear. 

Our assumption that long-term contracts are not feasible can be 
reinterpreted. We show (in the Appendix, sec. A) that this assumption 
is equivalent to the assumption 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 renegotia- 
tion-proof has been applied in many settings: see, e.g., 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 current and pro- 
spective employers. 

We now derive the optimal compensation contracts for the two- 
period case and then state the results for the T-period case. 

The Two-Period Model 

The timing of the two-period model is explained as follows. At the 
beginning of the first period, prospective employers simultaneously 
offer a worker single-period linear wage contracts of the form w I(y 1) 
= c1 + blyl. (Recall that although information is imperfect it is also 
symmetric, so there is no need for employers to offer menus of con- 
tracts in order to induce workers to self-select.) The worker chooses 
the most attractive contract and begins production. At the end of the 
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first period, the firm (i.e., the first-period employer) and the market 
(i.e., prospective employers) observe y 1 and then simultaneously offer 
the worker single-period linear wage contracts of the form w2(y2) = 

c2 + b2y2. These second-period contract offers depend implicitly on 
Y 1 because first-period output conveys information about the worker's 
ability, as described below. The force of our assumption 2, 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 parame- 
ters c1, b1, c2, and b2 are arbitrary), the worker's expected utility (from 
the perspective of the first period) is the following function of first- 
and second-period effort, al and a2: 

-E{exp{-r[c1 + bl(q + a, + E1) - g(al)] 

- rb[c2 + b2r + a2 + E2) - g(a2)]}}( 

From the perspective of the second period, however, after a, has 
been chosen and y1 has been observed, the worker's expected utility 
is 

-exp{-r&-1[cl + bly1 - g(al)]} 

*E{exp{-r[c2 + b2Q + a2 + E2) - g(a2)]}y},(4 

so the worker's second-period effort choice problem reduces to 

max -E{exp{-r[c2 + b2Q + a2 + E2) - g(a2)]}y1}. (5) 
a2 

The worker's optimal second-period effort, a*(b2), therefore satisfies 
the first-order condition 

g'(a2) = b2 (6) 

Competition among prospective second-period employers implies 
that the contract the worker accepts for the second period must earn 
zero expected profits, so (after the price of output is normalized to 
unity), c2(b2) satisfies 

c2(b2) = (1 - b2)E{y2IyI}. (7) 

Given equation (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: 

E{Y2IYl} = E{-qIy1} + a*(b2) (8) 
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To compute the conditional expectation of the worker's ability, the 
market must extract the relevant information about the worker's abil- 
ity from the observed first-period output, and this requires a conjec- 
ture about the worker's first-period effort. 

Suppose the market conjectures that the worker's first-period effort 
was a (As will become clear below, in equilibrium the market's con- 
jecture about the worker's effort is correct. We restrict attention to 
pure-strategy equilibria.) When one applies well-known formulas 
from DeGroot (1970), the conditional distribution of q given the ob- 
served first-period output yl is then normal with mean 

_ o2m0 + 2r(y1 -a) 

m1(1, l) 
- 

2 ? 2 (9) 
(U E 0 

and variance 
2 2 

U= 1 
+ (10) 

(O+ CFE 

We include al in the notation ml(yl, a1,) for expositional clarity in 
what follows. It is also convenient to define ;2 _ 2 + U2 , the condi- 
tional variance of q + E2 given the observed first-period output y I 

Substituting the appropriate expressions into (4) yields the worker's 
expected utility (from the perspective of the second period) for an 
arbitrary b2, given first-period output yl. The market thus believes 
that the optimal second-period slope, b*, maximizes 

-E{exp(-r{c2(b2) + b2[q + a2*(b2) + 2] -g(a2*(b2))}) Yi} 

= -expf{-r[ml(yl, a^,) + a2*(b2 - g(a*(b2 )) -/2rb 

where the right-hand side of (11) is derived using the observation 
that if x is normally distributed with mean 1i and variance u2 then 

E{exp(-kx)} = exp(-k[ + 1/2k2 U2). (12) 

Optimizing (1 1) and implicitly differentiating (6) yield the first-order 
condition for b*, the optimal second-period slope:4 

b2= 1 (13) 
1 + rJ2g"t[a2*(b2)] 

Given the assumption that g' :- 0, it is straightforward to show both 
that (11) is strictly quasi-concave, so (13) is sufficient, and that b2* 
decreases with both risk aversion (r) and uncertainty (2). 

4 Note that (13) is identical to the result given in Lazear and Rosen (1981, p. 852, 
n. 8), who derive it using a second-order Taylor approximation to the more general 
(static) utility function U(w - g(a)). Thus (13) is precisely optimal given (2) and approx- 
imately optimal more generally. 
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A very convenient feature of (13) is that b* is independent of i. 

This fact greatly simplifies the analysis of implicit incentives from 
career concerns because it implies that the effect of first-period out- 
put on the second-period contract (i.e., the career concern effect) is 
limited to the intercept given in (7). The reasons that b* is indepen- 
dent of yI are that the absence of wealth effects in the utility function 
(2) implies that optimal incentives depend on the variance but not on 
the mean of output, and that the variance of beliefs about ability 
evolves deterministically in the normal learning model, as in (10). 

Given the optimal second-period contract derived above, with its 
implicit dependence on y I, the worker's first-period incentive prob- 
lem is to choose al to maximize 

-E{exp(-r[cl + bl(q + a, + El) - g(a1)] (14) 

-r8{C2(b[) + b*[Lr + a2[(b2 ) + E2] -g(a*(b*))})}- 

Substituting (8) and (9) into (7) yields 

C2(b*) = (1 - b*) [ 
0 

- d-) a :(b) (15) 

The worker's optimal first-period effort, a* (bI), therefore satisfies the 
first-order condition 

~j2 
=b, + 8 = b, + 8(1 - b*)C2 + Bl. (16) 

The total incentive for first-period effort, denoted by B 1, is thus the 
sum of the explicit incentive from the first-period compensation con- 
tract, b,, and the implicit incentive from career concerns, 6(1 - 
b[)u 2r/(U2 + o2 ). The career concerns incentive is positive (since [13] 
implies 0 < bK < 1), increases with the uncertainty about ability, Uc, 
and decreases with the uncertainty about production, u 2. 

So far we have taken as given the market's second-period conjec- 
ture about first-period effort, a^,. Thus (16) characterizes the worker's 
best response to this conjecture. In equilibrium, the market's conjec- 
ture must be correct, but the necessary fixed-point computation is 
trivial because (16) does not depend on al. Therefore, the equilib- 
rium conjecture is 

a, = a*(bl). (17) 

Competition ensures that firms earn zero expected profits. Because 
of assumption 2, expected profits must be zero in each period. Hence, 

cl(bl) = (1 - bl)E(yl) = (1 - bl)[mo + al(bl)]. (18) 

Substituting al(bl) and cl(bl) into (14) and applying (12) yield the 
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worker's expected utility (from the perspective of the first period) for 
an arbitrary bl: 

-exp{-r[mo + a*(b1) - g(aj*(b1))] - rb[mo + a*(b*) - g(a*(b*))]} 

*exp{'/2r2[(B 1 + 6b* )22 - 2B 1 b2 ]}, (19) 

where BI reflects the sum of explicit and implicit incentives, as de- 
fined in (16), and 12 _ 2 + U2 is the variance of + El. The optimal 
first-period slope, b*, thus satisfies the first-order condition 

11 = -a(1-b2> crO _ r~bbor2g"[a*(bl)] 
b= 1Bo~"a(b) ( - b*[) - - _______ 

1+r g''[a l (b l )] cr0 + Ir2 1 + r `g[a I (b I)] 
(20) 

The main conclusion from this two-period model is that b* < 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 (20) 
to the single expression in (13), three effects contribute to the result. 
The first term in (20) reflects a noise reduction effect: learning about 
the worker's ability causes the conditional variance of output to 
decline over time (12 < 2), so the optimal trade-off between insur- 
ance and incentives shifts toward the latter over time- 1/{1 + 
r12g"[a*(b*)]}< b< . The second term in (20) is the career concerns 
effect, familiar from (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 (20) reflects a human capital insurance effect: risk- 
averse workers with uncertain ability want insurance against low real- 
izations 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 to be 
negative (B I < 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 (20) suggests that optimal 
contracts can have negative slopes (b1 < 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 

Suppose, e.g., that there is no noise in production (i.e., U2 = 0). Then first-period 
output perfectly reveals the worker's ability, so u2 = 0. Since there is no uncertainty 
in the second period (i.e., 0 = oz + oe = 0), the optimal slope is b* = 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 assessment of 
the worker's ability based on first-period output, because c2(b*) in (15) is zero. If 8 = 
1 and g(a) = a2/2, then the total first-period incentive is B. = b = (1 - rO)/(1 + 
rc2), which clearly can be negative. 
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the marginal disutility of effort in the first-order condition (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'( - oo) - so. We continue to assume that g(a) is convex and 
satisfies g'(0) = 0, g'(oo) _ s, and g"' ' 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, which may 
be realistic. 

The T-Period Model 

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

Ct = (1 - bt)E{ytIy1, .Yt-1}. (21) 

Second, the conditional expectation of output in period t is 

E{ytIy1,... qyt-i} = mt 1 + at, (22) 

where mt-1 is the market's expectation of the worker's ability as of 
the beginning of period t, and at 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 (y I, . .. . Yt- ) and its conjectures about prior 
effort levels (a^, . .. , at I)9 is 

t- 1 

omE + o0 E (YT - aT) 
* *' -;a, . 

... , al 1 T= (3 mt- I (Y' .9 * *Yt- ;l ***sat-l) = 2 + (t 1)2 * (23) 

Substituting these three equations into the worker's utility function 
(2) and applying (12) yield the worker's expected utility from a se- 
quence of contracts with arbitrary slopes (bl, . .. , bT) and associated 
intercepts given by (21), given the market's effort conjectures (al, . .. 
aT) and the worker's effort choices (a1, ... , aT). (See the Appendix, 
sec. B, for this computation, as well as the others omitted below.) The 
worker's optimal effort level in period t, a*, then solves a first-order 
condition analogous to (16): 

b + T 

g (at* bt + E 
T 

a- t T 

T=t+ 1 (24) 
T 2 

bt + 8 (1 - ) _T 2+__ ) 

Tr=t+ 1 E. + 
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Naturally, a* depends on b, and (bt+1, ... ,bT), but not on (b1, ... 
bt-l). 

In equilibrium, the market's conjectures are correct: (d, . . ,T) 
- (a*, . a. .,a). The worker's expected utility from the sequence of 
contracts with slopes (bl, . .. , bT) can then be written as 

-exp( -r{ t1[m + a* - g(a*)]} 

+ 1/2r 2(Z 6 1B )2o + > (8t 1Bt)2) (2 
t= I ~~~~~t= 1 

For now, take (b2, . .. , bT) as given. Recall that changes in b1 affect 
only a*. Since g'(aj ) = B 1 from (24), it is convenient to optimize (25) 
with respect to the first-period total incentive, B*(b .2 . b' which 
solves the first-order condition 

T 

B1 = 1 t 2 (26) 
1 + rJ2g"(a*) 1 + rJ2g"(a*) 

Applying (24) then yields the optimal first-period contract slope 
b* (b2, ** , T), 

T o2 

b = 1 _ ` 
(t-l( - bt) 

1 + r2ig (a*) t=2 a2 + (t - 1)2 (27) 

I~~ (a I) E 0 (27 T 

t=2 

1 + rIg"(al) 

Finally, using (27) recursively yields the optimal slopes (b, .. . ) 
beginning with b* and working backward to bj (b, . . .b). 

We conclude our theoretical analysis with a partial characterization 
of the optimal slopes {b*: t = 1, ..., T}: b* < b* I 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, sec. B, 
for the derivation.) 

III. 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 
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notation) and the principal's objective (i.e., output net of the wage, y 
- w) and detecting changes in the estimated pay-performance rela- 
tion (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 data sets for rank-and-file 
workers that contain data on wages seldom also contain data on per- 
formance (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 dif- 
fuse 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 sharehold- 
ers are approximately risk neutral, the principals have a common 
objective that is easily measured with available data: shareholders 
desire to maximize their wealth, as measured by the market value of 
the firm's common stock.6 

Although the managerial labor market is an attractive laboratory 
in which to investigate many of the characteristics and effects of in- 
centive compensation policies, it may not be ideally suited for an 
investigation of career concerns. The career concerns effects analyzed 
in our model require uncertainty about the worker's ability, but most 
CEOs are long-time employees before being appointed CEO, so 
shareholders (as well as potential alternative employers) may have 
precise information about the ability of a new CEO.7 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 re- 
vealed 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 com- 
petitive market of the kind we assume may not exist for CEOs.8 

6 The assumption that well-diversified shareholders are risk neutral with respect to 
the returns of any given firm is strictly correct only when the firm's returns are uncorre- 
lated with market returns. We ignore debt by focusing on shareholder wealth instead 
of the combined wealth of shareholders and bondholders; Smith and Warner (1979) 
argue that explicit bond covenants are designed to mitigate the agency problems be- 
tween managers and bondholders. 

7The median CEO in our sample of nearly 3,000 CEOs described below worked in 
his firm 16 years before ascending to the top position. 

8 Note, however, that Fama's (1980) and Holmstrom's (1982) early work on career 
concerns for top managers relies exclusively on just such a managerial labor market 
to provide managerial incentives. 
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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 per- 
formance of an individual as vice-president, for example, is unlikely 
to yield precise information about the individual's potential perfor- 
mance 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 shareholder's uncertainty about the CEO's ability, even if 
his ability in the previous environment had become known. 

Second, while our assumption of a competitive market of prospec- 
tive 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 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.9 

A Longitudinal Sample of Chief Executive Officers 

We test the implications of our career concerns model using data 
constructed by following all CEOs listed in the Executive Compensa- 
tion 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 

9 If the sole objective of this paper were to deepen our understanding of CEO 
compensation, then we would have developed this rent-sharing model rather than the 
competitive-market model developed here. We think it likely, however, that career 
concerns arise for many workers other than CEOs and that the competitive-market 
model applies more naturally than the rent-sharing model for many of these other 
workers. Thus in choosing to develop the competitive-market model, we were in part 
attempting to convey this larger potential scope of the career concerns model. 
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years 1970-88, or a total of 15,148 CEO-years of data. In order to 
distinguish CEOs close to retirement from those with longer horizons, 
we initially restrict our analysis to CEOs who left office during the 
1970-88 sample period, using data from the 1990 Forbes survey to 
identify CEOs whose last fiscal year was 1988. This subsample in- 
cludes 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 CEO, is paid on the 
basis of the performance of his firm, and remains in the CEO position 
until retirement, at which point his career ends. We begin our empiri- 
cal analysis by presenting results that suggest that such a career path 
is typical. Figure 1 presents histograms describing the frequency dis- 
tributions of tenure in the firm, tenure as CEO, and age, all measured 
at the date the CEO leaves office, for the 1,631 CEOs who left office 
during the 1970-88 sample period. Panels A and B show that, on 
leaving office, the average CEO has been in his position for over 10 
years and has been in his firm for almost 30 years. Panel C shows 
that most executives leave their position near normal retirement age: 
60 percent were between 60 and 66 when they left, and 31 percent 
were 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, semiretirement capacity. Vancil (1987) 
estimates that 75 percent of departing CEOs remain on their firms' 
boards of directors. This evidence seems inconsistent with the hy- 
pothesis 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 percent die while in 
office; others resign because of ill health. In our own sample, we find 
that only 36 of the 1,631 (2.2 percent) 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 postdeparture 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 percent of these CEOs joined another corpo- 
ration after leaving their firm; another 1.4 percent joined law firms 
or universities. We were unable to find postdeparture Who's Who in- 
formation on 40 percent of the departed CEOs (most of whom ap- 
peared 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 distri- 
bution of years remaining as CEO for the 8,786 CEO-year observa- 
tions from the subsample of CEOs who left office during the sample 
period. Panel D shows that about half the CEO-year observations 
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the latter subsample as the "completed-spells" subsample. Table 1 
presents summary statistics for the completed-spells subsample. Col- 
umn 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 re- 
ceives annual compensation (excluding both grants of and gains from 
exercising stock options) of $616,300, of which 90 percent 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 percent 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 (al- 
though the median is only $2.2 billion). Shareholders have realized 
average inflation-adjusted returns of 1.8 percent over the sample pe- 
riod (in firms in the completed-spells subsample). We define the 
change in shareholder wealth, AV, as the inflation-adjusted market 
value of common stock (in millions) at the beginning of the fiscal year 
multiplied by the inflation-adjusted rate of return on common stock 
(including splits and dividends): AVt VtIrt. 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 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 be- 
comes 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 perfor- 
mance (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 overrepresented in the early years of the sample. 
This overrepresentation is a direct result of our methodology: 
the completed-spells subsample includes only CEOs who left office 
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between 1970 and 1988, so there cannot be any CEO-year observa- 
tions 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 compensa- 
tion and output in period t, w, and Yt, We assume that shareholders 
seek to maximize their wealth, and we consider two alternative empir- 
ical representations of output, Yt, in terms of shareholder wealth, Vt. 
First, one could interpret yt as the change in shareholder wealth in 
period t; in this case, the linear compensation contract wt(yt) = ct + 
btyt simply becomes wt = ct + btAVt. Alternatively, one could interpret 
output yt as end-of-period firm value, yt Vt. In an efficient capital 
market, beginning-of-period firm value equals the conditional expec- 
tation of end-of-period firm value: Vt- = E{yjyt I y . , Yt-I}. There- 
fore, the change in shareholder wealth in period t is AVt = yt - 
E{ytjyj, , yt-1}, and the linear compensation contract wt = ct + 
btyt becomes 

wt= ct + bt(z Vt + El{ytlIyl, ,yt-1}). (28) 

Both approaches share the feature that the coefficient on zAVt is bt; 
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 (21) and (22) into (28) yields 

Wt = mt-, + at + btAV, (29) 

but (29) is not convenient to estimate because mt_ is an individual- 
specific, time-varying variable that depends on all prior realizations 
of output, as described in (23). Because we interpret Yt as end-of- 
period firm value, however, the first difference of (29) is a more 
tractable empirical specification: Substituting (22) into the definition 
of change in shareholder wealth, AV, = yt - E{ytlyl, , Yt-i}, 
yields A/Vt = yt - - mt-I. Substituting the lagged version of this 
expression, AV, I = Yt-I - - 

' m2, into (23) then yields 

c2 

= m2+ 
0 

-V~1 (30) tl = Mt-2 +2 + (t- 1)U2 
/ - I 

Thus the first difference of (29) implies that year-to-year changes in 
CEO compensation are a function of the change in CEO effort and 
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this year's and last year's change in shareholder wealth: 

Awt= Adt + btAVt + [2 + -ikj - btI AVi1 (31) 

which suggests the empirical specification 

/wt= cxt + 3t /Vt + ytVt1t- I, (32) 

where ( dt- t, - bt, and yt {cr 2/[ir2 + (t - 1)cr2]} - bt-1 
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 (32), we 
therefore distinguish between the number of years remaining in a 
CEO's career and the number of years already spent in office 
(tenure). 

HYPOTHESIS 1. With tenure as CEO held constant, the slope of the 
compensation contract, Pt, increases as the CEO nears retirement. 

Career concerns provide weaker incentives as the CEO nears retire- 
ment, so the incentives provided by current compensation become 
stronger. 

HYPOTHESIS 2. With years remaining as CEO held constant, the 
slope of the compensation contract, Pt, increases with tenure as CEO. 

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 yt de- 
creases and the pay-performance relation increases as the CEO's ten- 
ure increases. 

HYPOTHESIS 3. With tenure as CEO held constant, the coefficient 
on the change in shareholder wealth in period t - 1, Yt, decreases as 
the CEO nears retirement. 

The coefficient on the change in shareholder wealth in period t - 
1 has two components, cr/[C2 + (t - I)r2] and -bt-I. The first term 
reflects the effect of A V,1 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 CEO nears retirement 
(i.e., bt-1 increases) since career concerns provide weaker incentives. 
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HYPOTHESIS 4. With years remaining as CEO held constant, the 
coefficient on the change in shareholder wealth in period t - 1, Yt. 
decreases with tenure as CEO. 

Both c2/[C2 + (t - 1)F2 ] and -bt-I decrease as tenure increases 
because the estimate of managerial ability becomes more precise. 

Performance Pay and Years Left as CEO 

Hypothesis 1 predicts that the relation between CEO pay changes 
and current performance will be higher for executives close to retire- 
ment. A simple way to evaluate this hypothesis is to estimate a regres- 
sion that allows the pay-performance relation to vary with years re- 
maining as CEO: 

18 

Twi = cx + E 3T(CEO has v years left)1t x AVit, (33) 
Tr=O 

where (CEO has v years left) t is a dummy variable equal to one if the 
ith CEO has v years remaining in his career in fiscal year t. Under 
hypothesis 1, the slope of the pay-performance relation increases as 
the CEO nears retirement: PO > P1 > . .. > 18. There are at least 
four potential problems with estimating (33) directly, however. First, 
our empirical definition of shareholder wealth change, AV11, is net 
of payments to the CEO; our theoretical measure is gross of 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 Awit 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 in- 
crease incentives as career concern incentives decrease, so our esti- 
mates 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 stockholdings as they near retirement, however, our 
estimates may simply reflect the effort to provide incentives through 
compensation to replace those formerly induced through stock own- 
ership. 

A third problem with direct estimation of (33), as noted in connec- 
tion with table 1, is that CEOs near retirement are overrepresented 
in the later years of the completed-spells subsample, so estimates of 
the 3T's based on this subsample will reflect secular trends in incentive 
compensation in addition to the effects of career concerns. As shown 
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in the figures in section C of the Appendix, the relation between pay 
and performance has increased over the past decade, so the estimated 
IsTs for CEOs near retirement are likely to be biased upward. Fourth, 
and perhaps most important, (33) 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: (33) 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 de- 
crease with firm size. 

We show below (in connection with table 3) that the pay- 
performance relation (i.e., Aw,/AV,) varies significantly with firm size 
but that the pay-performance elasticity (i.e., A ln[wt]/A ln[V,]) is almost 
invariant to firm size. We therefore attempt to control for size-related 
heterogeneity by converting the regression variables to logarithmic 
changes and then estimating an elasticity form of (33) that allows the 
pay-performance elasticity to vary across years: 

1988 

A ln(w1j) = ox + c(nth year dummy)it 
n= 1972 

-18 

+ [z E T(CEO has T years left)it (34) 
T = 0 

1988- 

+ , n(nth year dummy) ] x A ln(Vit), 
n= 1972 

where A ln (VOt) ln (1 + rdt) is the continuously accrued rate of return 
on common stock and (nth year dummy),t is a dummy variable equal 
to one if n = t. We define A ln(wit) as the annual logarithmic change 
in the CEO's salary and bonus (in thousands).10 

Figure 2 depicts the estimated pay-performance elasticities from 
(34) for CEOs grouped on the basis of their years remaining as CEO. 
(To simplify the figure, observations with 15 or more years remaining 
have been pooled.) The figure is drawn under the assumption of a 
year effect of .06, which is the average of the 17 estimated year coef- 
ficients. Those CEOs in their final year, second-to-last year, and 

10 We also used a more comprehensive measure of compensation that includes fringe 
benefits and contingent (but nonstock) remuneration. The qualitative results from 
these regressions are 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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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 esti- 
mated elasticity, for CEOs in their eleventh-to-last year) are signifi- 
cantly different at the 5 percent 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 cor- 
respond to CEOs in their last three years versus CEOs with more than 
three years remaining, we divided the completed-spells subsample 
into two groups and estimated the following regression: 

A ln(wit) = %o + c I(few years left)j, 
1988 

+ E c,,(nth year dummy)dt 
n= 1972 

+ [P30 + PI (few years left) t (35) 

1988 

+ E n(nth year dummy)itj x A ln(Vit), 
n= 1972 

where (few years left)dt is a dummy variable equal to one if the ith 
CEO is in the last three years of his career in fiscal year t. 

Column 1 of table 2 reports estimates of regression (35) for the 
completed-spells subsample. Those CEOs serving in their last three 
years as CEO are assigned to the "few years left" category. The (unre- 
ported) estimated coefficients on the shareholder return x year in- 
teractions range from .02 to .20 (with a median of .13), indicating 
that CEOs with many years remaining receive between 0.2 percent 
and 2.0 percent raises for every 10 percent return realized by share- 
holders. The few years left x shareholder return coefficient of .0436 
implies that CEOs with few years remaining receive an additional 
0.44 percent raise for every 10 percent return realized by sharehold- 
ers. Thus, on the basis of the median year interaction, each 10 percent 
change in shareholder wealth corresponds to 1.3 percent changes in 
cash compensation for CEOs more than three years from retirement, 
compared to 1.7 percent pay changes for CEOs in their final three 
years. The return x few years left coefficient is highly significant 
(t = 3.0), which we interpret as empirical support for hypothesis 1. 
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FIG. 2.-Estimated pay-performance elasticities, by years remaining as CEO. The 
figure depicts estimated coefficients from eq. (34) and is drawn under the assumption 
of a year effect of .06, which is the average of the 17 estimated year coefficients. 
Standard errors for each estimated coefficient are in italics. The group T - 15 includes 
a small number of CEOs with more than 15 years remaining. 

Our definition of few years left-CEOs in their last three years-is 
arbitrary. We reestimated the regression in column I 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 x 
shareholder 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 that this insignificance reflects both small sam- 
ple size and non-performance-related payments made to CEOs in 
their last year. We also reestimated the regression in column I of 
table 2 after eliminating CEOs in their final year. The estimated few 
years left x shareholder return interaction coefficient in our reesti- 
mated regression is positive but only marginally significant. 

The results in table 2 support hypothesis 1, but also support an 
alternative hypothesis: CEOs whose total stay in office is only a few 
years may have higher pay-performance elasticities than CEOs who 
stay in office longer, independent- of years remaining until retire- 
ment. We tested this alternative hypothesis by repeating the regres- 
sions in table 2 for the subsample of CEOs who had spent at least 
five years in office on retirement. None of the qualitative results in 
table 2 is changed, suggesting that our results are not driven by cross- 
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TABLE 2 

COEFFICIENTS OF ORDINARY LEAST SQUARES REGRESSIONS OF A ln(CEO Salary + 

Bonus) ON SHAREHOLDER RETURN, INCLUDING INTERACTIONS TO ALLOW THE 

PAY-PERFORMANCE RELATION TO VARY WITH YEAR, YEARS AS CEO, 
AND YEARS REMAINING AS CEO 

DEPENDENT VARIABLE: 

A ln(CEO Salary + Bonus) 

Subsample of 
CEOs Who Retire 

1975-88 Full 
PREDICTED Sample 

INDEPENDENT VARIABLE SIGN (1) (2) (3) 

Few years left* (dummy variable) -.0090 -.0056 -.0085 
(-2.0) (-1.2) (-2.0) 

Low tenure' (dummy variable) ... .0396 .0435 
(8.4) (11.2) 

Can't tell if few years left: (dummy ... ... -.0095 
variable) (- 1.4) 

Few years left x shareholder return + .0436 .0429 .0383 
(3.0) (3.0) (2.9) 

Low tenure X shareholder return - ... .0032 .0199 
(.2) (1.6) 

Can't tell if few years left x share- ... . ... .0335 
holder return (1.8) 

R2 .0833 .0929 .0927 
Sample size 6,730 6,730 11,360 

NOTE.-The sample is constructed from longitudinal data reported in Forbes on 2,236 CEOs serving in 1,204 
firms during 1970-88. The subsample in col. 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. t-statistics are in parentheses. 

* Few years left is a dummy variable that equals one if the CEO is in his last three years as CEO. 
o Low tenure is a dummy variable that equals one if the CEO is in his first four years as CEO. 

Can't tell if few years left is 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. 

sectional (negative) correlation between total time in office and the 
pay-performance elasticity. 

Performance Pay and CEO Tenure 

Hypothesis 2 predicts that, with years remaining as CEO held con- 
stant, 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 
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if the CEO is in his first four years as CEO, and low tenure interacted 
with shareholder return. Our model predicts a negative coefficient 
on the low tenure x 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 abil- 
ity is not a fixed parameter - but rather varies over time as ib? I = 

It + Vt, where the innovations vt are independent and normally dis- 
tributed. In the steady state, the market's uncertainty about the CEO's 
ability is time invariant and so independent of his tenure. Thus hy- 
pothesis 2 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 1970-88 sample period represents only 
about half of the 1,900 CEOs (11,359 CEO-years) in the full sample 
(after first differences are constructed and observations with missing 
data are eliminated). The CEOs in the full sample but not in the 
completed-spells subsample include those 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 x year interactions in columns 1 and 2 of 
table 2. 

Column 3 of table 2 reports results from the reestimation of col- 
umn 2 for the full sample of CEOs, including those who did not leave 
their firms during the sample period. The 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 vari- 
able with shareholder return. The results are similar to those re- 

11 A total of 623 firms were deleted from the Forbes surveys during the 1970-88 
sample period. Of these, 277 were still "going concerns" as of 1989, 290 were acquired 
by or merged with another firm (127 of these were acquired or merged within 2 years 
of the Forbes delisting), and 56 liquidated, went bankrupt, or went private. 
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ported in column 2 and are consistent with the primary implication 
of the career concerns theory: the pay-performance elasticity in- 
creases as the CEO approaches retirement. 

Years Remaining and Pay for Lagged Performance 

Hypotheses 3 and 4 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 reestimated the 
regressions in table 2 after including lagged shareholder return and 
interactions of lagged return with few years left, low tenure, and the 
17 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 
return x few years left and lagged return x low tenure-were insig- 
nificant in all regressions. Thus hypotheses 3 and 4 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 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 remaining until the CEO reaches 65. 
We reestimated the regression in column 1 of table 2 after replacing 
"few years left" with "few expected years left," a dummy variable 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 interac- 
tion term few expected years left x shareholder return was positive 
but statistically insignificant. Thus hypothesis 1 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 CEO's horizon is based in 
part on information not available to us, including the CEO's health, 
potential replacements, and implicit or explicit retirement policies. 
One interpretation of the insignificance of the few expected years 
left X shareholder return interaction term is that, because of the 
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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 
the CEO's age is. Furthermore, whatever measure we use to assign 
CEO-year observations to the few years left category, if our theoreti- 
cal 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 percent 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 X 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, ac- 
cording to our model) also biases the interaction coefficient down- 
ward. 

Other Sources of Heterogeneity in the 
Pay-Performance Relation 

As noted previously, regression (33) allows the pay-performance rela- 
tion 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. 

Column 1 of table 3 reports estimates of the nonlogarithmic version 
of regression (35) for the 1,292 CEOs in the completed-spells subsam- 
ple. The coefficient on the interaction zAshareholder wealth x 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, AVt X sales 
and AV, X sales2, to allow the pay-performance relation to vary qua- 
dratically with firm size as measured by net sales (in millions of 1988- 
constant dollars). On the basis of the average of the unreported 
Ashareholder wealth X year effects, the coefficients in column 2 sug- 
gest that CEOs in median-size firms (sales of $2.0 billion) receive 
average pay changes of 0.93? for every $1,000 change in shareholder 
wealth. Those CEOs at the tenth percentile (sales of $400 million) 
and ninetieth percentile (sales of $8.2 billion) receive average pay 
changes of 0.99? and 0.70?, respectively, for every $1,000 change in 
shareholder wealth. Including the size interaction terms in column 2 
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TABLE 3 
COEFFICIENTS OF ORDINARY LEAST SQUARES REGRESSIONS OF A(CEO Salary + Bonus) 

ON A(Shareholder Wealth) AND A ln(CEO Salary + Bonus) ON SHAREHOLDER 

RETURN, INCLUDING INTERACTIONS TO ALLOW THE PAY-PERFORMANCE RELATION TO 

VARY WITH YEARS REMAINING AS CEO AND WITH FIRM SIZE AS MEASURED BY SALES 

DEPENDENT VARIABLE: DEPENDENT VARIABLE: 

A(CEO Salary + - A ln(CEO Salary + 
Bonus) Bonus) 

INDEPENDENT VARIABLE (1) (2) (3) (4) 

Few years left* (dummy - 3.06 - 2.63 - .0090 - .0091 
variable) (- 1.0) (-.9) (- 2.0) (- 2.0) 

Ashareholder wealth x ... -4.0 x 10-7 ... ... 
sales (-4.2) 

Ashareholder wealth X ... 3.1 x 10-12 ... 

(sales)2 (3.7) 
Ashareholder wealth x .0008 .0025 ... ... 

few years left (.4) (1.2) 
Shareholder return x ... ... ... 2.7 x Io0 

sales 
(1.5) 

Shareholder return x ... ... ... -3.2 x 10-12 

(sales)2 ( - .1) 
Shareholder return x few ... ... .0436 .0432 

years left (3.0) (3.0) 
R .0426 .0452 .0833 .0845 
Sample size 6,727 6,727 6,730 6,730 

NOTE.-The sample is constructed from longitudinal data reported in Forbes on 1,292 CEOs serving in 785 firms 
who leave their firms during the 1970-88 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. Cols. 1 and 2 include Ashareholder wealth and Ashareholder wealth interacted with 
the year dummies, allowing the pay-performance sensitivity to vary by year; cols. 3 and 4 include shareholder 
return and shareholder return interacted with the year dummies, allowing the pay-performance elasticity to vary 
by year. t-statistics are in parentheses. 

* Few years left is a dummy variable that equals one if the CEO is in his last three years as CEO. 

increases the magnitude and significance of the A V, x few years left 
coefficient, although it remains insignificant. 

The increase in the interaction Ashareholder wealth x 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 rela- 
tion 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, e.g., Coughlan and Schmidt 1985; Gibbons and Murphy 1990). 

Column 3 of table 3 repeats the elasticity specification (35) reported 
in column 1 of table 2. Column 4 of table 3 includes interaction 
variables to allow the pay-performance elasticity to vary quadratically 
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with size as measured by net sales. Although the size-interaction vari- 
ables are individually insignificant, they are jointly significant (at the 2 
percent level), indicating that pay-performance elasticities are slightly 
higher for larger firms. The estimated coefficient on the shareholder 
return x few years left interaction in column 4, however, is extremely 
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 het- 
erogeneity in the pay-performance relation, other sources of poten- 
tially important heterogeneity remain. Some of the heterogeneity re- 
flects secular trends, which can be controlled for by including year 
interaction variables, but other possible sources of heterogeneity re- 
flect 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: 

A ln(wit) = oxi + a 1(few years left)it 
1988 

+ >3 o(nth year dummy)1t 
n= 1972 

+ [ ,Bi + i31 (few years left) - (36) 

1988 

+ >3 In(nth year dummy)d,] xl A ln(VJ,), 
n= 1972 

where ct- and r3- are firm-specific intercepts and pay-performance 
elasticities, respectively. 

We estimated regression (36) for the subsample of 625 CEOs from 
the completed-spells subsample that had at least four years of data.'2 
The estimated coefficient on (few years left) d is positive (PI = .0297) 
but insignificant (t = 1.4). The point estimate, however, is similar in 
magnitude to the coefficient in column 1 of table 2 (P = .0436), 
which constrained the pay-performance elasticities to be equal across 
firms. Thus our support of hypothesis 1 is somewhat diminished after 

12 We estimated (36) in two stages. In the first stage, we regressed the dependent 
and each of the independent variables in (36) on shareholder return, i\ ln(Vit), by CEO. 
In the second stage, we regressed the residual from the first-stage regression involving 
the dependent variable in (36) on the residuals from the first-stage regressions involv- 
ing the independent variables in (36). After standard errors are adjusted for the correct 
degrees of freedom, the results from the second-stage regression are equivalent to 
estimating (36) with CEO-specific intercepts and slopes (on shareholder return). 
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we control for firm-specific heterogeneity by allowing the pay- 
performance elasticity to vary across firms. 

IV. Conclusion 

The driving force behind our theoretical analysis is that an individ- 
ual's actions are influenced by career concerns. We extend previous 
research by showing that career concerns 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, even in the presence of contracts, and that optimal 
contracts account for these implicit incentives-seem likely to be 
robust. 

The idea that optimal incentive contracts optimize total incentives 
can be applied to promotions.'3 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 in- 
volve symmetric learning, as in MacDonald (1982) and Murphy 
(1986), or asymmetric learning (where the current employer learns a 
worker's ability faster than a prospective employer does), as in Wald- 
man (1984) and Ricart i Costa (1988). Such a model would endoge- 
nize transitions between jobs, which would improve on the T-period 
career we take as exogenous. 

Appendix 

This Appendix discusses renegotiation-proof long-term contracts and the 
solution to the T-period model, and presents estimated pay-performance 
relations by year. 

A. Renegotiation-proof Long-Term Contracts 

We now relax our assumption that long-term contracts are not feasible. In- 
stead, we assume that (linear) long-term contracts are feasible but must be 
Pareto efficient (i.e., renegotiation-proof) at each date. To keep the argument 

13 Rosen's (1986) model can be interpreted in terms of promotions but does not allow 
new jobs to have new technologies or workers to be matched to jobs. 
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simple, we consider only the two-period case. Suppose that at the beginning 
of the first period, prospective employers simultaneously offer a worker two- 
period contracts of the form (w I (Y 1), w2(Y 1, 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 Pareto 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) = 
c 1 + b y l and w2 (y 1, Y2) = c2 + b21y I + b22y2. Renegotiation-proofness then 
implies that b22 = b* from (13) and hence that the worker's second-period 
effort choice is a*(b*) satisfying (6). Furthermore, given the utility function 
(2), we can set b2l = 0: any desired dependence of first- and second-period 
wages on first-period output can be replicated through the appropriate 
choice of bl. Thus the worker's optimal first-period effort choice al (bl) is 
given by the first-order condition g'(al) = bl. The first-period competition 
among prospective employers therefore amounts to choosing cl, bl, and c2 
to maximize the worker's expected utility, 

-E{exp(-r{cl + bl[q + al(bl) + E1] - g(al)} 

-rb{c2 + b[-q + a*(b*') + E2] - g(a*(b*))})}, (Al) 

subject to a zero-expected-profit constraint for the firm, 

c1l + bc2 = ( 1 - bl)[mo + a*l(bl)] + 8(I - b*')[mo + a*'(b*)]. (A2) 

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

1 i rrb*'r2g"[a*(b1)] b l=_ (A3) 
1 + rJ'2g"[a*(bl)] 1 + rJ2g"[al(bl)] 

which is precisely the optimized value of B1 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 provides exactly the same incen- 
tives as the optimal renegotiation-proof long-term contract derived here. 

B. The T-Period Model 

We first derive the first-order condition (24), the expected utility (25), and the 
optimal total incentive given implicitly in (26). We then prove that contractual 
incentives increase monotonically: for any t < T. b* < bt*+. 

Substituting (21), (22), and (23) into the worker's utility function (2) yields 
the worker's utility from a sequence of contracts with slopes (bl, . . . bT) and 
associated intercepts given by (21), given the market's conjecture (a1, ... . 
aT), the worker's effort choices (a, aT), and the output realizations 
(Y1, ,YT): 

U = -exp (-r t 1[ct + bty, -g(at)]}) 
t= 1 
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T I~~~~( - bt) cr2MO 
= -exp rk 8`- L(I -bt) + - + btyt - g(at) t + (t -IC2 

(1 - b)(r2 t1- I 

+ 2 + (t - Z (2T - dT)Jj) 

/rT F (1- 

E (I -( 1 b_ c2 )MO_]} expK rt 8> ([a1 + bty+ - g(at) 
- ) + [+ + (t - (A4) 

(1--tbT)o0 + C2 +>3T 62 -t 
- tt 

T=t+1 I + T- ) 

. exp {-r L+ E +( (t + BE(y - it) 
XT F (1- bt)orMO 

-exp _r + + 1 2g(at) +Bat- tt 
_ 2 (1 +2 ~ a 

M= = I -lE Cm 

.exp{-r[ =t(ItBt- (t + Et)1}, 

t- t = 

where Bt is defined in (24). To apply (12) to the last term in (A4), note that 

yl1 t f'Brt-q ? Et) is normally distributed with mean M and variance V, 
where 

and 

tion (al,.d.. T) = (al,...,at), the worker's expected utility from a 
sequence of contracts with slopes (b1,...,bT) becomes 

EU -ep-I? 
L' 

+t a + +(1- b 
) 

2-ram 
* + BtmoIH) 

*d L(1B )20 + (8t B1t)2 J2J 

t ~~~~~t = 1 

which simplifies to (25). To show that (26) the first-order condition for the 
optimal total incentive is sufficient, note that the expected utility (25) is 
quasi-concave in B1 because it is concave for B1 < 1 and (from lemma 1 
below) decreasing for B(1 2 1. 
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We now show that b* < b*+I for any t < T. We begin by showing (by 
induction) that B* < B * 1 for any t < T. Restating (26) yields the first-order 
condition for B *: 

/ ~~~T 
1- - rg (at4 52B* + {F E 8 -tBT) 0, (A5) 

Tit+ 1 

where T+21 = r + Cr2 and Cr2 = 2rCr2/(tU2 + or2) is the conditional variance 
of - given the previous t output observations. Since the objective function is 
quasi-concave, the left side of (A5) is negative (positive) when evaluated at 
an arbitrary B t > (<) B *. Thus B * < B * 1 if and only if 

/ ~~~~T 
1- I - rg"(a +I)(B + I + at I l 8 TB) <0, (A6) 

T~t+ 1 

where g"(a*+ 1) appears in (A6) because g'(at) = Bt from (24). Lemma 2 below 
uses the first-order condition for Bt*+ analogous to (A5) to restate (A6) in a 
more convenient form. Lemma 3 then uses the induction hypothesis B*1 < 

t+2 to prove that this restatement of (A6) holds. To show that B* < B* 
for any t < T, it then remains to show only that the initial induction step 
BT1 K BI holds, which follows because (A5) applied to period T yields 

(1 - B*) - rg"(a*) B2 = 0, (A7) 

So E2 < K2_ 1 implies 

(1 - B*) - rg"(a*)(B T1 + Cr2 8B*) < 0, 

analogous to (A6). Finally, lemma 4 uses another induction argument to show 
that b* < b* 1 for any t < T. 

LEMMA 1. For each t E {1, . T - 1}, ET=t+1 TtBT* > 0. 
Proof. By induction. For t = T - 1, B > 0 from (A7). For t < T - 1, 

suppose T = t+2 
I B* 0. We must show 

T T 

6T- tB* = 8B* I + 6 > Tt I B ?0. (A8) 
T=t+ I T= t +2 

Suppose that (A8) fails. Then (A5) implies 

1 - ro'~g"(at+ 1) >3 6 t1lB T 

B t + 1 1 + rE/ +1 g"(a t+ 1) <-E -- A 
which implies 

T 

>3 2 t'B*< -1 K0, 

T=t+2 T 1 + r2" g"(a(a) 
which contradicts the induction hypothesis. QED. 

LEMMA 2. Bt* K Bt*+T1 if and only if 

/ N 
rg (a*l)a 2( - 8)B* I - (1 -B*+) 2 +2 -6) > 0. (A10) 
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Proof. We argued above that B* < Bt*I if and only if (A6) holds. Using 
(A5) applied to period t + 1, we can eliminate the summation in (A6) and 
rewrite that inequality as 

1 - t rg"(a*+ 1)(2 + br2 1I)B t*+ 

8t- 1 - 2 [1 -B 
t rg(a*+ 1) +1 B*+ 1] < 0. 

(F t 

Applying the definitions of cr and 1 2 then yields (A10). Q.E.D. 
LEMMA 3. If B*1 < B*2 then 

which implies (A 10). 
Proof Using (A5) for periods t + 1 and t + 2, we get 

1-B* 6-g(a* =)t2 l + 1 - 1-t+-rg"(at*+2)t2A B*+ 

rg"(at*+ l)oJ2=a~+ rg"(at*+2)o2+1 

or 

+ ag"(at*+1)ot[Bt*+2 + rg"(a*+2)o*B '+2 - 1] = >0 (A12) 

Define 

h(B) = g"(a)ort+1[1 - t+-rg(t+~2lt 

+ t g"t(a +1)u[B + rg"(a) O B- 1], 

where g'(a) = B, so that (A 12) may be restated as h(Bt*+2) = 0. Then lemma 
1 and g"'(a) 2 0 imply that h'(B) > 0. Therefore, the induction hypothesis 

h1 <iBmp2 implies that h(BeA 1) < 0, which simplifies to (Al 1). To establish 
(Al0) from (All1), note that (rt < (r2_ and that lemma 1 and (A5) imply 
Bt*+ 1 < 1. Q.E.D. 

LEMMA 4. If B*' <Bt*+1 for allt<K T, then bt < bt*+1 for allt<K T. 
Proof. Since bT = BT and bT_1 <KBT-1, we get bT_1 < br. We now complete 

the proof by showing that if bt*+1 K bt*2 K . . . K bT and Bt* K Bt+ then 
bP <obof 1. From (24) applied to periods t and t + 1 we get 

I - = b t + m T 1( - 2 I (T - 1 )(a O 2 

and 

=t+ b= t+ + I t(l - 14) t2+( t)2 

T-1 2 

=1 b t 14+1 + j t ( 1b 2 
+ 1 2 

T=t+ 1E + 1T 
= 
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Thus B* < B *1 implies b* < b * I provided that 
T (2 T-1I (2 

jE 8 ( - b*) 1 & t8(1-b +1) (- 2 + 0 > 0, 

which follows from b* < 1 and b* < b* 1 for T = t + 1 , T - 1. Q.E.D. 

C. Estimated Pay-Performance Relations by Year 

, $0.12 

$0.10 Pay-Performance Sensitivity: 
Estimated change in CEO Salary + Bonus corresponding 

to each $1,000 Change in Shareholder Wealth. 
$0.08 

g $0.06 - Pay-Performance Sensitivity: 
18-YearLinearTiend 

4~$0.04- 

MW $-0.02 

co$0.00i< 

_ g P g P g 2 0- V 0 a 8 ov ov ov ov ov ov ov ov ov ov o~ ov ov ov ov ov ov ov 

FIG. A1.-Estimated pay-performance sensitivities, by year. Figure is based on an- 
nual regressions of A(salary + bonus [$ thousands]) on A(shareholder wealth [$ mil- 
lions]) using Forbes data on 2,236 CEOs serving in 1,204 firms. Each year's regression 
is based on approximately 650 observations. 

0.45- _ j 

.U < Pay-Performance Elasticity: 
g 0.40 Estimated % change in CEO Salary + Bonus corresponding 

teach 1% Change in Shareholder Wealth. 
0.35- 

a 0.30- [ Pay-Performance Elasticity: 
18-Year Linear Tieid 

420.25- 
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FIG. A2.-Estimated pay-performance elasticities, by year. Figure is based on annual 
regressions of A ln(salary + bonus [$ thousands]) on A ln(shareholder wealth [$ mil- 
lions]) using Forbes data on 2,236 CEOs serving in 1,204 firms. Each year's regression 
is based on approximately 650 observations. 
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