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MANAGERIAL COMPENSATION AND THE COST OF 

MORAL HAZARD:': 


A. T.IGarrzel; U.S.A. 

Carnegre :Vlellor~ Urzirwsir)'. U.S.A. 


This article in~es t iga to  ~llanagerial compensation and its inccnti~c effect,. 
Our econometric framerzork is deriuetl from a multiperiod principal-agent 
model Lvith moral hazarcl. Longitudinal data on return, to firms and managerial 
compensation are used to estimate the moclel. We find that firms rvould incur 
large los,es from ignoring moral hazarcl. rz hcrens managers only require moder- 
ate additional compensation for accepting a contract that ties their ~vcalth to 
the value of the firm. Thu, the co,t, of aligning hiddcn managerial action, to 
shareholcler goals through the conlpensation schedule are much less than the 
benefits from the resulting managerial performance. 

Previous research has established several empirical reg~ilarities that relate man- 
agerial compellsation to financial and accounting measures of firm perfc)rmance. 
First, executive compellsatioil (whether measured as salary and bonus alone or 
including the value of llonmoiletary compellsation such as stocks and options 
granted) increases with stock market returns 011 e q ~ ~ i t yand accounting measures of 
net income (see, e.g., Murphy, 1985). Second, Lambest and Larcker (1987) report 
that greater weight in the compensation package is given to measures of firm 
perforlllailce that are more closely related to mailagerial inputs. For example, given 
his or her own firm's profits, a manager is rewarded Illore if rival firms perform 
poorly than if the whole industry does well (see Antle and Smith, 1985, 1986). 

These findings have been interpreted as evidence for the presence of moral 
hazard that arises when shareholders delegate authority to an executive whose 
interests differ from those of the shareholders and whose actions are not obsen~ed 
directly. Although they may be ratioilalized by agency theoiy [as developed by 
Hollllstrom (1979, 1982) and others], the elnpirical regularities just nlentioned also 
could emerge in economies where no illformatiollal asymmetries exist. For example, 
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in conlpetitive equilibrium, workers are paid the value of their nlarginal product, 
which is partly determined by the firm's product price; to the extent that price 
movement reflects changing demand (as opposed to supply) conditions, compensa- 
tion and fir111 performance are positively correlated, the first finding. Moreover, the 
services of superior managers presumably command a premium, which could explain 
the second. 

There is, nevertheless, another reasoil to believe nloral hazard is irnportallt in 
models of executive decision making and compensation; as a fraction of their annual 
income, a typical manager holds a sizable quantity of his or her firm's stock, 
exposing hinlself or herself to idiosyllcratic fluctuatiolls in its return. For example, 
the data used in this study show that the variability in mallagerial inconle at-
tributable to holding the firm's stocks and options on such stocks far exceeds the 
variability in cash and bonus.2 If agents are risk-averse, such portfolios seem 
suboptimal. In principle, there are reasons why risk-averse managers voluntarily hold 
stock in their own firms. First, if the value of the manager's specific capital (such as 
his or her bargaining power with the board of directors) is negatively correlated with 
these idiosyncratic fluctuations, then he or she may choose to offset this risk by 
purchasing shares in the firm. If this factor were important, however, it would help 
smooth total payments to managers of large corporations, not exacerbate volatility, 
which is what our data show. Second, if externalities generated by the firm (such as 
pollution) harm the nlallager and are greater when fluctuatiolls are positive, then 
risk aversion could lead the manager to insure himself or herself by holding inside 
stock. On the other hand, the value of his or her other personal assets (including 
human capital and maybe housing stock) is probably positively correlated with the 
firm's value, and in this case, he or she would prefer to take a negative position with 
respect to the fir111 for the purposes of diversification. Third, managers may indeed 
pay lower transaction costs fro111 holding portfc)lios of their own firms, but this seems 
snlall conlpared with the high amount of ulldiversified risk they expose themselves to 
in the process. To summarize, the rationale for managers holding financial clainls to 
their own firnls seems somewhat contrived in ecollomies lacking private information. 

In a widely cited article, Jensen and Murphy (1990) have argued that while the 
annual change in executive compensation is positively related to changes in share- 
holder wealth (as agency theoiy predicts), the nlagilitude of the response coefficient 
is inconsequential. The authors recognize that if agents are risk-averse, the only 
reason for imposing additional risk on them is to induce an action that they would 
not otherwise undertake. However, they apparently overlook the possibility that only 
a small stake in the firm may be necessaiy to dissuade the manager from pursuing 
actions that are disastrous for shareholders at large; consequently, the performance- 
to-compensation ratio the authors advocate as an empirical benchmark for measur- 
ing nloral hazard is questionable on theoretical grounds. An alterilative approach, 
taken here, is to evaluate the importance of nloral hazard from estinlated structural 
parameters of a model in which managerial preferences, the effects of his or her 
actions on the firm's returns, and shareholders' illformatioll sets are explicitly laid 
out. This article, then, is an enlpirical application of the principal-agent paradigm to 

'See Table 1 in Sectio~l S, rzhich de,cribes the data ,et, for more detail on this point 
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investigate managerial compensation schemes. It estimates a simple dynanlic lllodel 
of optimal contracting in the presence of moral hazard that arises because of 
differences over optimal work effort and the inability of shareholders to monitor 
effort. Our approach is similar to Ferrall and Shearer (1999), who estimate a model 
based on a linear contracting and compare it with alternative schemes, including the 
interim efficient contract that forms the benchmark for this article. 

Sections 3 through 7 comprise the theoly and ill doing so extend the literature on 
optimal contracting for moral hazard to economies supporting time-varying interest 
rates and stock nlarket volatility. The model is described in Section 2, drawing 
extensively on the principal-agent frameworks of Malcolmson and Spinnebyn (1988), 
Fudenberg et al. (1990), and Rey and Salanie (1990). Two critical assulllptions of this 
extension are that a complete set of lllarkets exist but that the principal directly 
observes contingent claims traded by the agent on his or her own account. The latter 
assumption, which roughly corresponds to public disclosure laws currently in place, 
prevents the agent from undoing the risk the principal imposes on the agent to make 
the contract incentive compatible. At the same time, the notion that firms are 
value-maximizers call be forlllally defended. Because shareholders may trade in 
consumption claillls that are contingent on ally output realization, potential conflicts 
among themselves about goals their manager should pursue [discussed in Grossman 
and Hart (1979), for example] are eliminated. Moreover, given the enlpirical results 
of Altug and Miller (1990) from panel data on lllale labor supply in all occupations, 
in which there is little evidence against the hypothesis that markets are colllpetitive 
and complete, the approach taken here, ignoring other distortions in the economy, 
and thus disregarding second-best considerations, seems a reasonable elllpirical 
benchmark to gauge the importallce of moral hazard in this part of the labor sector, 
the market for lllanagerial services." 

Then in Section 3 we analyze the manager's illtertelllporal consumptioll problem 
given his or her labor decisions and an implied distribution of future compensation 
when an econonly with aggregate shocks is supported by colllplete competitive 
lllarkets colllplemented by public disclosure conditions that allow shareholders to 
prevent the manager from diversifyillg the uncertainty of his or her future income. 
Here we highlight the importance of a public disclosure condition, necessaly to 
supplelllent the standard conditions that are required to enforce solvency conditions 
that are necessaiy when there is trading in contingent claims. To induce the 
manager to work hard within the firm, shareholders must respect two constraints 
analyzed in Section 4, respectively called par?ic@atior?(which makes outside offers 
look sufficiently unappealillg to the manager) and irzcerzfice conzpntihility (which 
aligns his or her personal objectives within the firm with those of shareholders). 

Section 5 characterizes the optinlal contract. Following Grossman and Hart 
(1983), we derive the schedule that minimizes the expected costs to shareholders 
fro111 inducing the manager to act in their best interests. Because we assume that the 
manager's preferences in current consumption are exponential, wealth plays a 

"or critiquo of assuming complete markets to identie i.trructul.al parameters in empirical 
model, of interternporal labor supply and consumption decisions, see Miller and Sicg (1997) and the 
survey by Miller (1997). 
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limited role in the optinlal contract. Given the constraints imposed by the data used 
in our empirical analysis, which contains no inforn~ation 011 the manager's wealth 
apart fro111 the firm-specific financial instrunlents he or she holds, this simplification 
makes the empirical analysis more tractable. Although the optimal contract does not 
have a closed form but nlust be solved numerically, its main features are evident 
fro111 casual inspection. In particular, the dependence of managerial compensation 
on the firm's abllornlal returns arises from the likelihood ratio of the probability 
density function for shirking relative to the corresponding density for diligence. If 
this ratio is decreasing in returns, then the optimal contract requires compensation 
to be nlonotone increasing in returns. The short-term optimal contract derived in 
Sections 3 through 5 survives a relaxation of two assumptions that may look 
questionable from an empiricist's perspective. First, we establish that the optimal 
long-term contract is essentially a replication of the short-term contact derived in 
the preceding section. (Thus the fact that managers tend to hold their jobs for more 
than a year may not bode badly for our theory.) Second, we also note that, with some 
minor modifications, the theory readily extends to situations where several managers 
all work for the one firm, a useful extension for our application because the data set 
contains infornlation on the three top managers rather than just the CEO. These 
extensions are undertaken in Section 6. 

Finally, Section 7 concludes our theoretical discussion by deriving three measures 
of the importance of nloral hazard in this model. The first of these nleasures is the 
difference between the expected compensation paid under the optimal contract 
inducing high effort and the fixed amount that would be paid if the shareholders 
observed effort and chose to make the manager work hard. This cost is the risk 
premium that must be paid to the manager and represents the costs to shareholders 
of hidden actions. The second measure calculates the amount of additional compen- 
sation required to conlpensate the nlanager for taking higher effort. The sum of the 
first two measures represents the amount of total additional compensation paid to 
induce high effort when actions are the private infcxmation of managers. The final 
measure calculates the gross increase in shareholder wealth from implementing the 
optimal contract. It is calculated as the expected gross rise in firm values when 
managers choose high effort before subtracting the costs associated with inducing 
high effort, namely, the first two measures. 

The second half of our paper, Sections 8 through 11, applies the theoly to a panel 
of firnls and their managers. Much of the data set, described in Section 8, was 
originally conlpiled by Masson (1971) and substantially extended by Antle and Smith 
(1985, 1986). The variables of concern include characteristics of the firm (such as its 
industry) and their managers (such as their ages and position within the firm), the 
return on the firm's assets, the return on the market portfolio, and other aggregate 
variables such as the interest rate, nlanagerial compensation, and that portion of his 
or her wealth portfolio comprising financial clainls on his or her firm. As a 
preliminary exercise to check its conlparability with previous work, and as further 
nlotivation for our own structural analysis, we conducted several diagnostic checks 
with data, and these are also reported in Section 8. To summarize, while cash and 
bonus payouts to nlallagers are insensitive to the firm's abnormal returns, Inore 
inclusive measures of compensation are significantly positively correlated, a finding 
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that is consistent with other data sets on managerial con~pensation.~ our~ I t h o u g h  
finding that executive income increases $16.57 when the abnormal income to the 
firm rises by $1000 is an order of magnitude higher than the numbers reported in 
Jensen and Murphy (1990), their basic point, that the total loss to managers is nluch 
less than the total loss to shareholders from the firm failing, seems unimpeachable. 
In addition, we find that separations are not highly correlated with poor firm 
performance within the group of survivor firms we analyze, weak evidence that the 
act of severance is seldorn used as a disciplinary tool to elicit superior effort. 

The paranleterization of abnormal returns, identification. and estimation are 
discussed in Section 9. The distributional assumption made for abnormal returns, 
truncated normal, was partly selected for its three-parameter flexibility and partly 
because of the empirical distribution itself, which bears more than a passing 
resemblance to our estimated parameterization. While the manager never disobeys 
any instructions he or she receives, so that points on the shirking distribution are 
never directly observed, the rnodel is nevertheless identified, because the losses to 
the cornpany and the personal nonpecunia~-y gains to him or her from disobeying the 
shareholders are reflected in the colnpensation plan itself. A sequential procedure 
was used to estimate a parameter vector determining the manager's utility function, 
the probability distribution characterizing excess returns to the company, and the 
dependence of both on what actions the lnanager takes. 

Section 10 discusses the empirical results, and the last section offers some 
concluding remarks about possible directions for future research. Overall, the model 
does a reasonable job of fitting the data. Neither the ranking nor the signs of 
parameters presumed to be true by the theoretical rnodel are violated by the 
parameter estimates we obtain, several of our estimates are quite precise, and the 
overidentifying restrictions we impose in estimation are not rejected by the data. We 
find firms would incur very large losses from not designing a compensation contract 
that induces the manager to act in the interests of shareholders. Compared with 
these potential losses, risk-averse managers receive only moderate i~xxeases in their 
expected compensation for accepting fluctuatiolls in their wealth driven by the 
volatility of firm returns about the market portfolio. Similarly, the nonpecuniary 
benefits to managers from acting against the firm's interests are quite modest. Thus 
the cost of enforcing the incentive compatibility condition associated with the 
optimal contract is very srnall cornpared with the substantial benefits from aligning 
the hidden actions of managers with the goals of their shareholder clientele through 
the compensation schedule. 

2. THE MODEL 

This section lays out the theoretical fra~nework on which our estimation is based. 
Consider some indivisible physical plants or firms owned by some well-diversified 
shareholders. The output of each depends, stochastically, on the effort its manager 
makes and also on general economic conditions. The economic conditions are 
obse l~ed  by shareholders, but they cannot monitor managerial effort perfectly. The 

'See. for example. the recent paper by Hall and Liebman (1998) 
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firms are infinitely lived, but a sequence of executives successively manages them, if 
only because people have finite working lives. Managers are hired by the firms' 
owners from a population that looks identical both before and after the manager has 
acquired (firm-specific or general) working experience. There are no individual 
characteristics that make for good or bad job matches in this framework [in contrast 
to, say, Miller (198411. Also, well-functioning markets exist to help managers smooth 
their respective consulnption streams, so these firms need not serve as financial 
intermediaries. 

At the beginning of a typical period, denoted t ,  first the results of last period's 
production are revealed, allowing the return on each firm's stock to be calculated. 
Each manager, generically denoted by 17, is then compensated according to the 
executive compensation plan previously agreed to in period t - 1. Next, the izth 
manager chooses his or her consumption, denoted c,,,, his or her asset portfolio e,,,, 
and whether to retire or not I,,,,. The shareholders to whom he or she is accountable 
observe these choices (c,,,, e,,,, I,,,,). In particular, we assume that extant public 
disclosure laws prevent managers from anonylnously trading the assets of their own 
firms. Then the shareholders announce a production and compensation plan for 
period t .  (Alternatively, competing candidates to manage the firm could propose 
their respective production and compensation plans so that the shareholders can 
vote among themselves which contract to accept.) Finally, the (designated) manager 
chooses his or her effort level (I ,,,,, 1,,,,). 

An equilibriuln for this model is defined as a set of market-clearing prices for 
contingent clailns to consumption, plus a set of contingent cornpensatioli schelnes 
announced by shareholders, that are individually optimal for the respective parties 
to sequentially implement, given the constraints they face. In equilibrium, there are 
two constraints production and compensation plans must satisfy. First, the manager's 
expected utility from working for the firm must exceed his or her expected utility 
from any alternative use of his or her time. The second constraint is motivated by 
the fact that in the model, the manager's actions, which affect the probability 
distribution determining the firm's output, are not observed by its residual claimants, 
the shareholders. Consequently, the executive compensation plan lnust tie the 
manager's interests to those of his or her firm's shareholders in order to induce him 
or her to work on their behalf. Apart from lnanagerial effort, all information is 
public, and there are no barriers to trade. Markets to contingent claims are 
colnpetitive and complete. Consequently, the only reason why first best consumption 
and leisure allocations are not attained revolves around the problem of aligning 
managerial with shareholder interests. We assume that shareholders can monitor 
portfolio decisions of managers, so lnanagers cannot insure themselves against 
outcomes that pay them poorly by making offsetting trades in contingent claims-in 
other words, that laws against insider trading are easy to effectively enforce. 

Formally, uncertainty about public information is treated as a probability space 
(0,F ,  P).  The element o E R signifies a particular realization of all publicly 
observed (random) variables in this economy from time 0 onward. Let 
F,, F,,F,, . . . ,F denote the increasing sequence of a - algebias that characterizes 
how public information acculnulates over time, and denote by El the expectations 
operator associated with F,; thus the random variables with t subscripts defined 
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below are F, measurable. Following Debreu's (1959) treatnlent of uncertainty, the 
conlmodity space for consumption goods is formed fro111 consumption units at date 0 
plus claims to consumption units at subsequent dates that are contingent on how 
histoiy unfolds. Markets exist for all claims to consumption that are contingent on 
any subset A, E F,. Let A,, a measure on F, for each t E {O, 1 ,2 , .  . .), denote date 0 
prices of contingent claims to consunlption to be delivered in period t ,  and denote 
by A, its Radon-Nikodym derivative. Thus the 11, sequence represents the set of 
equilibrium prices for the contingent consumption claims, denominated in consump- 
tion date 0 units, so E [ A , ] ,for example, is the number of consumption units forgone 
in date 0 to obtain a sure consumption unit in date t ,  meaning that { E [ A , ] ) - '- 1 is 
the t period interest rate. 

The choices of a manager are over the consumption and leisure allocations he or 
she receives each period of his or her life. Let c,,, E ( -m, m) denote consunlption by 
agent n in period t .  There are three levels of labor activity, and we express the nth 
manager's choice in period t by a vector I , , ,  = (1,,,,,1,,,,,1,,,, ), where 1,,,, E (0 ,  1) is an 
indicator function for choice j E {O,1,2) and 

If I,,,, = 1,we say the manager has retired, and this activity is publicly observed; for 
expositional convenience, we also assume that retirement is an irreversible decision, 
that is, I,,,, = 1 if 1 , , , , ,  , = 1 and t 5 77. The other two effort levels, respectively 
called shirking (designated by setting l,,,, = 1) and wo1.1ting diligerztly (when l,,,, = I), 
are private information to the manager. 

Preferences are parameterized as a time additively separable utility function in 
which consumption enters exponentially and leisure multiplicatively. Thus lifetime 
utility (from birth at g to the exogenously determined date of death at 7i + 1) can be 
expressed as 

where /3 E (0 , l )  is the common subjective discount factor, a, is a utility parameter 
associated with choosing lj,,,, and p is the coefficient of absolute risk aversion. We 
assume that a ,  > m,, or that diligence is Illore distasteful than shirking. This 
assumption is the vehicle by which the manager's preferences are not aligned with 
shareholder interests. We are not suggesting that nlanagers are inherently lazy, 
nlerely that their personal goals do not autonlatically motivate them to nlaximize the 
value of the firm even if their compensation is independent of the firm's perfor- 
mance. One might conjecture that retirement is more enjoyable than working hard 
( a ,  > m,), althougl~ this is not necessarily true for 11igh-ranking management; 
perhaps the fact that they receive positive compensation is only partial compensation 
for the risk their undiversified portfolio exposes them to. Finally, the ordering of a,  
and a ,  is unclear because it depends, among other things, on perks associated with 
shirking. 
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Let w,,,denote compensation received by the 11th manager at the beginning of 
period t ,  let a , , , ,  , denote the value of shareholder equity at the end of period t - 1, 
and define z,,, = w,, , /a , , , ,, as the direct (accounting) effect of managerial coinpen- 
sation on the firm's returns realized at the beginning of next period, I .  We denote by 
ql, the return to the 11th manager's firm at time t ,  define T, as the return on the 
market portfolio, and let 

Without further assunlptions, Equation (3) stands as a tautology defining xi,,as 
gross abnormal retlirns to the 11th manager's firm in period t ,  net of returns from 
holding the market portfolio, but not accounting for the costs of managerial 
compensation. This study assumes that s,,, is a ralldo~ll variable that depends on the 
manager's effort activity choice in the previous period but, conditiollal on 
(1,,,,,-,,1, ,,,,-,), is independently and identically distributed across ( I ? ,  r ) .  Given 
1,,,,, , = 1 for j E {1,2), we denote the probability density function of xi,,by j;(x,,,). 
These assumptions about x,,,rule out several features of interest that may warrant 
further research. First, our analysis ignores the potential for private information 
about the abilities or mallagerial preferences, as well as actions taken earlier than 
the previous period, to affect current returns. Second, a Illore sophisticated illode1 
might analyze environ~llents where publicly ohsewed variables such as past returns 
and/or hidden actions such as managerial initiative affect higher-order moments of 
I,,,. with T ,  and in this way For example, can managers affect the covariance of .Y,,, 

affect the value of the firm? Third, industly effects could be incorporated. If x,,, 
contained an industry effect (that reflected the ability of the indust~y to limit rivalry, 
attract subsidies from taxpayers, and so on), the determinallts of an optimal 
compensation package would typically distinguish between those factors which affect 
the whole industry and those which only affect the firm. 

Note that if f',(x,,,) > 0 and f'?(x,,,) = 0 for all x,,, in any set with strictly positive 
measure, such as an open interval that occurs with strictly positive probability if the 
agent shirks, then either a two-part contract that generated the first best outcome 
would be optimal (as in Mirrlees, 1976) or, in the event of the manager being 
revealed to shirk just before his or her retirement, an optimal contract would require 
his or her remaining lifetime utility to attain its lower bound.' Alternatively, if 
f2(x,,,)> 0 and f,(x,,,) = 0 for all x,,, in any set with strictly positive measure, then 
one can show that the highest payments to lnanagers would occur in this region. 
Since mallagerial co~vlpe~lsation is, roughly speaking, increasing in returns to the 
firm's assets and managers are not typically threatened with abject poverty for poor 
performance (or even conditions that remotely resenlhle those declaring personal 
bankruptcy), hot11 specifications are somewhat counterfactual. Therefore, we shall 
assume that f ,(x, , , )  and f'2(x,,,) have the same support, denoted by [ t l i , ~ ) .  

'This lower bound sh0~11d not necessarily be interpreted as the worst imaginable utility but could 
he determined by laws about personal bankruptcy that prescribe what property must he forfeited. 
what may be retained, and how future opport~lllities for earning and consuming are affzcted. 
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3. IKTERTEMPORAL COKSUMPTION 

At the heart of the optimal contract for this model is tlve indirect utility function 
of the manager, which maps his or her expected utility as a function of the relevant 
security prices, the portion of lvis or her wealth that can be fully diversified, and tlve 
probability distribution for any unanticipated changes in his or her wealth induced 
by undiversifiahle components to his or her colvlpensation package. In particular, 
obtaining the valuation function at the time the manager enters lvis or her final 
period of work is a useful step toward deriving the solution to tlve optimal contract. 
For this reason, we now derive the valuation function for tlve following problenl in 
consumption smoothing. The manager enters period t with wealth endowment of el,, 
and clvooses his or her consulvlption c,,,. At the beginning of the next period, he or 
she receives some additional, random amount of income w,,,,,,, and beyond that 
time, he or she consumes from his or her own augmented wealth until period n + 1, 
when he or she dies. The easiest way to solve this problenl is to split it into two 
phases. First, we derive the indirect utility function for the agent on entering 
retirement at the beginning of period t + 1. On retirement, each manager faces a 
single budget constraint for the remainder of his or her life, which implies that his or 
her intertemporal consumption problem under uncertainty is straightforward to 
solve. Second, following Bellman's (1957) principle, we solve a two-period problem, 
where utility for the second period is just tlve indirect utility function derived in the 
first part. 

Proceeding accordingly, we now derive the valuation function, or indirect utility, 
from clvoosing a consumption sequence that maximizes 

subject to the hudget constraint 

This is a consumer choice problem with a linear hudget constraint and additively 
separable utility over commodities, where the objects of choice are clailvls to 
contingent commodities. The only nonstandard aspect of the prohlem, compared 
with Debreu's (1959: Chap. 7) treatment, for example, is that the comlvlodity space is 
infinite dimensional. All the contingent claims prices A, in periods s E { t ,. . . ,E) help 
determine the optimal consumption stream. Nevertheless, these preferences fall 
within the HARA class [as defined by Merton (19711, for example], so only a vely 
small number of securities are required to characterize the optimal financial 
portfolio. In particular, let y,,, denote the price of a bond that, contingent on the 
histoly through to date t ,  pays a unit of consumptiolv in periods t through 1 1 .  
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Similarly, let q,,, denote the price of a security that pays the random quantity 
(ln A, -s In p ) consululptioll units in periods t through u: 

Taking the first-order condition for the consun~er's optin~ization problem, substitut- 
ing the Frisch demands back into the n~ultiperiod utility function, and solving the 
marginal utility of wealth using the (remaining) lifetime budget constraint, we 
obtain, following Rubinstein (1981), the indirect utility for the manager on his or her 
retirement. 

PROPOSITION1. The calue function obtained t o m  choosing the consunzption se- 
quence to maximizes Equation ( 4 )  subject to Equatiorz (5) is 

The second step of the intertemporal collsumptioll problem described at the 
beginning of this section is to solve a two-period problem where the functional form 
of utility in the second period comes from Equation (81, implying that the two-period 
expected utility is 

while the budget constraint is 

This fc>rn~ulation is an application of Bellman's (1957) principle: The optimized value 
of lifetime utility is equal to a two-stage problem in which one first derives the 
indirect utility fro111 tomorrow onward and then maximizes over the sum of today's 
direct utility and the indirect utility from tomorrow onward. If Equation (10) were 
the only constraint, then the additional wealth generated from the executive com- 
pensation received at the beginning of period t + 1 would be valued at Er(At+ ,w,,,,+ ,), 
and the solution to this problem would be almost indistinguishable from maximizillg 

subjcct to 
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The solutioll to both problems yields identical optimal current consumptioll alloca- 
tions and net wealth in the second period, with their cornmoll valuation function 
given by the next proposition. 

PROPOSITION2. The calue function obtained Ponz choosirzg (c,,,, el , , ,+,)  either to 
nzaximize Equatiorz (9) subject to Equation (10) or to 17zaxirnize Equation (11) subject to 
Equatiorz (12) is 

This proposition establishes that the compensation schedule by itself cannot 
provide incentives to work hard when markets are complete because it shows that 
paying a contract of w,,,,, , in period t + 1 is essentially the same as paying a lump 
sum of E,(A,+,w,,,,+,) in period t ,  leading the manager to shirk. If the manager is 
allowed to trade his or her firm's financial securities anonymously, then no contract 
enforcing incentive compatibility exists because the mallager can and would nullify 
its illcelltive effects by trading contingent claims to nullify their incentive effects. An 
argument by contradiction thus establishes that without public disclosure laws, the 
optimal contract is to pay the manager to shirk, as described in Proposition 3 below. 
Therefore, in this model, in contrast to the model of Fudenherg et al. (19901, for 
example, where the securities market is not sufficiently developed to allow the 
manager to undo the potential incentive effects of contracting, public disclosure laws 
are necessary to enforce incentive schemes. 

In order to induce hard work, shareholders must he able to affect the manager's 
asset portfolio. Because the manager can only affect x, , , , ,, in period t ,  which by 
assumptioll is an independent random variable, a public disclosure law requiring the 
manager to alllloullce his or her asset position with his or her own firm suffices to 
empower shareholders to design contracts that have incentive effects. This is 
accomplished by announcing a contingent plan at date t that defines the random 
variable w,,,,, , as net con~pensation, or net changes in the manager's wealth that 
will be realized from his or her claims on the firm's specific assets, that is directly 
induced by x,,,,+ , at the beginning of period t + 1. Formally, w,,,,+, is a real-valued 
function defined on 0 measurable with respect to the probability space (0,F,+ ,,P).  
Therefore, the choice of w,,,,,, determines how events that unfold at the very 
beginning of period t + 1 map into con~pellsation subsequelltly paid to the manager 
and includes returns on the firm assets that were held over fro111 previous periods by 
the manager, either voluntarily or involuntarily (because of covenants prohibiting 
sale before prescribed dates). 

In this framework, w,,,,,, is announced after the manager's consumption and 
savings cl~oices are announced, but despite appearances, the sequencing of these 
events is unimportant. Suppose, for example, the manager had an opportunity to 
trade in financial securities after the compensation plan was announced, sharehold- 
ers knew this opportunity existed, and they observed the returns on the manager's 
financial assets at the beginning of the next period before payment for the previous 
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period's work was made (another way of embodying the public disclosure condition). 
Then the shareholders could neutralize any attempt by the manager to hedge against 
compensation plans entailing uncertain outcomes by picking a con~pensation plan 
that fully accounted for his or her retrospectively observed trading strategy. 

Because the model assumes that the firm's size is negligible relative to the 
economy, x,,,,,,has no aggregate effects, which implies that the prices of contingent 
claims to collsulvlption are unaffected by the manager's effort level. Tl~erefore, 
under a public disclosure law of the type described earlier, Equation (9) simplifies to 

where L ' , , , , _ ,  is a random variable implicitly chosen by shareholders via w,,,,+, 
defined as 

This random variable has an economics interpretation: The quotient of p,+,,, and 
A , + ,  is the current price in period t + 1 consumption units for a consumption unit to 
be received each period from t + I to E. Therefore, A , +  ,iv ,,,,_,/p,+ ,, ,is the amount 
of consumption that can be permanently increased in each period from t + 1 until 
death at 7i + 1 that can be purchased with compellsation wIl,,+ ,. This implies that 
L',, , ,+ , is the multiplicative increment in lifetime utility from spending the compensa- 
tion in that way. Given his or her anticipated effort level, the manager chooses 
(c,,,, el,, ,+ ,) to maximize Equation (13) subject to the budget collstraillt Equation 
(10). Substituting a , E(L',,,,_, I 1,,,,= 1) for a,  into Equation (11) and Ale,,, for 
Aie,,,+ El(A,_  ,w ,,,,_ ,) into Equation (12), Proposition 2 now implies that the value 
function for the mallager choosing effort level j is 

4. FEASIBLE COhTRACTS 

The Illtroduction mentioned two collstraints the contract must satisfy. The first 
one, participation, requires shareholders (the principal) to offer the manager (agent) 
a contract that is at least as attractive as immediate retirement (his or her best 
alternative). The other constraint, incentive compatihility, only applies if sharehold- 
ers want the manager to work diligently. Feasible contracts are those satisfying both 
the participation and incelltive compatihility constraints. 
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The participation constraint is found by comparing the expected utility from 
leaving the workforce immediately with the expected utility from working one more 
period and then retiring. It requires the difference to he negative. After factoring 
out -pi, exp[-( pA,e,,, + q,,)/y,,] from Equations (15) and (81, the participation 
constraint 

is derivcd. Dividing both sides by a,"~/"~aj,"~n-")/l)~iiand raising thcm to the powcr 
~ ~ j j / ( ~ ~ j j- hi), wc obtain 

The incentive compatibility constraint requires the manager to prefer diligent 
work over shirking, the benefits of greater expected con~pensation offsetting the 
certain nonpecunialy loss of job satisfaction. Now fro111 Equation (15), the difference 
in working hard versus shirking is proportional to 

Let g(x,,,)denote thc ratio of thc probability dcnsity functions from shirking vcrsus 
working diligently, defined as a positive real-valued function on the support of xi,, as 
the mapping 

Substituting g(x,, , + ] )  into E,(r>,, , + ,  I,,,, = 11, Equation (17) implies that the incen- 
tivc colvlpatihility constraint is 

which, on factoring and rearranging, simplifies to 

5. COST h~lINIMIZATION 

The (common) objective of the shareholders is straightfonvard to write down 
when the firm's assets colvlprise an infinitesimal fraction of those in the economy. 
Shareholders fully diversify all firm-specific uncertainty and collectively behave like 
a risk-neutral agent, choosing, period by period, the manager's effort level and 
offering hi111 or her a feasible contract that lvlinilvlizes the discounted value of 
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expected colvvpensation E,(w,,,,+ ,) or, equivalently, from Equation (141, lvvaximizes 
E,(ln c,,,,+,). To determine whether the firm should offer the manager an incentive- 
colvvpatible colvvpensation package that elicits diligent work versus a (lower cost) 
schelvve that provides him or her with the nonpecuniary benefit of low effort, 
shareholders compare the costs and benefits of both schemes. 

Suppose, nvonventarily, that shareholders decided that the manager should shirk. 
Since he or she is risk-averse and shareholders behave as if they are risk-neutral, it is 
optimal for them to pay him or her a constant wage that raises his or her wealth just 
enough to offset the nonpecuniary benefits of retirement. This scheme fully insures 
him or her against idiosyncratic fluctuations in q,,about T,. Using the participation 
constraint Equation (16), we obtain the formula for optimal compensation for the 
shirking case, denoted w ,,,, ,+,. 

PROPOSITION If l l i l l  1, then the cost-tninimizingfeasible contract is 3. = 

Actually, any contract that pays Equation (19) in expectation is cost-minimizing 
for I , , , ,  = 1. The manager purchases contingent claims to offset any deviation of the 
contract from Equation (19). Since shareholders anticipate the manager to eliminate 
all idiosyncratic risk, monitoring his or her financial portfolio is redundant; there is 
separation between the compensation contract and decisions concerning the finan- 
cial portfolio. This contrasts with the case of working diligently, i.e., setting I,,,, = 1. 

The timing in the model implies that shareholders observe the asset position of 
the manager at the beginning of each period before actual compensation is paid out 
or any assets are traded. This means that shareholders can compensate the manager 
on the basis of changes in his or her net asset position, i.e., changes in his or her o w  
holdings of the firm, accounting for any trading in the firm's securities undertaken 
by the manager on the firm's securities. Thus, without loss of generality, the 
cost-minimizing contract for diligent effort is stated in terms of overall exposure to 
idiosyncratic fluctuations in the firm's returns. 

PROPOSITION Tlzere is a urzique, strictly positice solution for 77 to4. 

Denote this urzique solution by ,ynr I f lZ l i i= 1, thetz the cost-mirzirnizirzgfeasible corztluct 
is 
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Equation (21) has a straightforward intcrpretation. Two cxprcssions comprise the 
optimal contract. Comparing Equation (19) with 

one can immediately deduce that w,,,,,+ ,, the first expression in Equation (211, is 
the amount the manager would be paid if he or she was asked to work diligently and 
his or her effort could be monitored without cost. The second expression therefore is 
attributable to moral hazard. As the proof to Proposition 4 shows, q,,, is ratio of the 
Lagrange multipliers for the two constraints in the shareholders' minimization 
problem. The lower the shadow value of relaxing the incentive compatibility con- 
straint relative to the participation constraint, the smaller is q,,,. As v,,, approaches 
0,this expression disappears altogether. Note, too, that the probability distribution 
for idiosyncratic first output is more concentrated in the lower part of the support if 
the manager shirks rather than works diligently. Thus g(x,,, ,+ ,), the likelihood ratio 
of the respective probability density functions, tends to decline as x,,,,, , increases. 
In the special case where g(x,,, ,+ ,) is monotone decreasing, w,,,,,+,is increasing in 
x,,,,+ , over the whole support [$,x). 

Regardless of whether shareholders require the manager to work hard or shirk, 
the optimal contract does not expose the manager to general fluctuations in the 
economy. Mathematically, this is evident from Equations (19) and (21), which show 
that aggregate conditions in the economy only affect the optimal contract through 
the terms p,+,,,/A,+, and A,/(p,, - A,) = (p,,/A, - 1 ) ' .  The former is the real 
value of a console bond at the beginning of period t + 1 that pays a sure unit of 
consun~ption from periods t + 1 through i i ,  whereas the latter also depends only on 
the real value of a console bond at the beginning of period t that pays a sure unit of 
consumption from periods t through E. The values of both are computed directly 
from short- and long-tern~ real interest rates. Therefore, the optimal contract only 
depends on the contingent claims prices through their effects on interest rates. 
Intuitively, shareholders have no reason to expose their manager to uncertainty 
generated by probability distributions over which the manager has no control. 

Before turning to measures of the importance of moral hazard and the empirical 
analysis itself, we now briefly discuss a property of the basic model and an extension 
to it, both of which are motivated by two features within our data set. The first is 
that most of the executives within the sample held their positions for more than one 
(annual) period. This stylistic fact begs the question as to whether long-term 
contracts could induce the same performance at a lower expected cost than short- 
term contracts. Second, the data we analyze contain information on the top three 
executives for each of the sampled firms, not just the CEO. In our data, the level of 
risk exposure to the firm's idiosyncratic income that compensation packages impose 
seems to depend on the position. This suggests that different jobs within upper-level 





MANAGERIAL COMPENSATION AND THE COST OF  MORAL HAZARD 685 

density function for x-,,,, conditional on the effort levels of the agents, by 

Let F,(x,,,), F2(x-,,,), and F,,(x,,,) denote the probability distribution functions, 
respectively, associated with f ,(x, , , ) ,  ,fi(x,,,),and f,,(.~,,,).  We assume a stochastic 
dominance condition, that the inequalities F,(x,,,) IF,,(x,,,) s F,(x,,,) hold for each 
for all 1i E {I,.. . ,K} , and again impose the assumption of a common support ($,x). 

Given Nash responses by managers (which limit their degree of coordination in 
thwarting the goals of the shareholders), the contract simplifies to the one-agent 
case with some minor notational alterations. A sketch of the approach suffices to 
characterize the main features of the optimal contract. There are only three basic 
cases to consider: Either everybody should shirk, all but one manager should work 
diligently, or eve~ybody should work diligently. Following the argument used to 
prove Proposition 3, the cheapest way of retaining a manager at effort level I , , , , ,  = 1 
is to pay him or her the contract specified in Equation (19) after substituting 
ln(a,,/a,,) for ln(a , /a , ) .  If shareholders wish the lit11 manager to work hard in 
period t ,  the optimal contract depends on whether some other manager is shirking 
or not. If not, in a Nash equilibrium, the only potential deviation shareholders must 
guard against is that one manager will shirk when all the others work diligently. 
Consequently, the optimal contract for this case merely involves replacing, in 
Proposition 4, the preference parameters (a, ,  a , ,  a ,)  with (a, , ,  a , , ,  a2,)  and the 
likelihood ratio g(x,,,) with g 2 k ( ~ , , , )  If=f l1~(x, , , ) /f2(~~,, i) .shareholders prescribe 
that (only) one other manager shirks, say lz, then their aim is to draw the firm's 
idiosyncratic shock from the Fl,,(s,, ,) probability distribution rather than F2(x,,,) or 
F,(x,,,). In this case, the optimal contract for k is to replace the preference 
parameters (a, , ,  a , ,  a,) with (a,,lc, a , , ,  a,,), the likelihood ratio g(x-,,,) with 
g,,,(x,,,)=f,(x-,,,)/f,,(x,,,), and the probability density function f,(.u,,,) with f,,(x-,,,) 
in Proposition 4. 

7. THE [hIPORTANCE OF MORAL HAZARD 

Three different measures of assessing the importance of moral hazard are 
suggested by this framework. The first measure is the loss shareholders incur from 
not observing the manager's actions directly. A second measure is the value to the 
manager of the compeilsatillg differential from working diligently versus shirking. 
Third is the income loss a firm would sustain from signing a contract with a manager 
to shirk. 

The first measure, denoted A,, ,  is the maximum amount shareholders would pay 
to solve the moral hazard problem. In this framework, A,, is the expected difference 
between the payout under a system of perfect monitoring M~,,,,,_, less the payout 
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under the optimal compensation scheme w,,,,.,_, 

The second line gives an explicit expression for this expected diffeience, where T,,, is 
defined in Equation (20). This measure is a lower bound on the shareholders' 
willingness to pay for a perfect monitor, because it is based on asking the manager to 
perform the same tasks. If, however, the manager's actions could be n~onitored 
perfectly, it sounds plausible that shareholders would modify the manager's job 
description to better exploit the monitoring technology for the benefit of the firm. 

The next measure we investigate evaluates the manager's nonpecuniaiy benefits 
from pursuing his or her own goals within the firm. Denoted I , , ,  it is the expected 
difference required to keep utility constant at the reservation level between manage- 
rial compensation for diligent work undel perfect monitoring and compensation for 
shirking. 

Clearly, A,, is increasing in the relative attractiveness of shirking to hard work. 
Again, the measure has a meaningful interpretation only within the context of the 
equilibrium contract itself, because the nature of moral hazard critically depends on 
the job description for I,,,,. Our framework assumes that the nonpecuniary aspects 
of work satisfaction are one-dimensional, entering utility through the scalar a.  
Therefore, I,,,, can be interpreted as those activities undertaken at work yielding the 
lowest cu in absolute magnitude, conditional on shareholders requesting the man- 
ager undertake I,,,,. The second measure compares these two activities and ignores 
everything else. 

The third measure is the expected gross output loss to the firm switching from the 
distribution of abnormal returns for diligent work to the distribution for shirking, 
i.e., the difference between the expected output to the plant from the manager 
pursuing the firm's goals versus his or her own, before netting out expected 
managerial compensation. In our framework, this is 

Against this output reduction is a savings in managerial con~pensation coming 
from two terms, the cost of having a perfect monitor and the cost of inducing the 
manager to work diligently when a perfect monitor is in place. Subtracting from A,, 
the sun1 of A,, and I , , ,  we obtain the net income loss a firm would sustain from 
signing a shirking contract with a manager, in which I,,,, is selected and reconl- 
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pensed appropriately. Substituting the expressions defining A ,, through A,, , we 
obtain 

where the last line follows from the definition of z , , , ,  _ , = wll,, ,+ ,/a,,, and Equation 
(3). As our discussion in the preceeding section established, this net amount 
represents the value of enforcing public disclosure laws that make contracts requir- 
ing the manager to work hard feasible. From the perspective of public policy, this 
measure is arguably the most relevant. However, it also suffers from the same 
deficiency as A,, because of its focus on just one alternative. If, for example, laws 
against the invasion of privacy rendered it impossible for managers to credibly 
inform shareholders about their asset position with the firm so that feasible 
contracts inducing hard work no longer exist, then presumably the job statements of 
managers would be rewritten to improve 011 the shirking contract. In this respect, A, 
overstates the value of being able to write and enforce a compensation plan that is 
contingent on the firm's idiosyncratic returns. 

8. THE D 4 T 4  

Our empirical work used data on compensation packages for the top three 
executives of 34 firms for the period 1948 through 1977, originally collected by 
Masson (1971) and extended by Antle and Smith (1985, 19861, as well as time-series 
data on stock market returns, interest, and inflation rates. Appendix B describes how 
the variables used in this study were constructed. Our description of the data in 
relation to its applicability to this model is in foul parts. First, we provide a 
cross-sectional summaiy of the data set, and then we present some of its time-series 
features. 

8.1. C~.oss-Sectional Statistics.S~~r~znln ty  There are 306 executives in the suivey, 
of which exactly one-third are CEOs. Of the 306 executives, 210 had left their firm 
before 1977 when the panel ended, and for the purposes of our study, these 
observations are defined as separations. The average length of tenure is 5.6 years, 
with a standard deviation of 5.4 years (high because of several 1-year stints). 

Table 1 provides some summaiy statistics of compensation within the three 
industries. Many of them were approaching retirement, averaging 57.1 years old 
(with a standard deviation 7.9 years), so roughly 8 years away from the then statutory 
retirement age of 65. While the sample average age of CEOs by industly is higher 
than the average for non-CEOs, the difference is insignificant in each case. The 
table shows that CEOs are paid more than non-CEOs but that their compensation 
exhibits more variability, thus possibly suggesting that CEOs have stronger incen- 
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tives to engage in non-value-maximizing activities. Note, too, that compensation 
appears to differ across the three industries, with aerospace looking more lucrative 
than the other two. Relative to its mean, the variation in sala~y and bonus is less 
than that of the other components to total compensation. This feature suggests that 
measures of compensation that exclude managerial income from holding and grant- 
ing financial securities whose value is affected by the firm's abnormal returns are 
unlikely to capture the maill performance-enhancii~g characteristics of the compen- 
sation package. 

T iB1.E 1 

CROSS-SECTION..\LIh'FORbl-\TION Oh EXECLTIVE COXIPEr\S..\TlOr\Ir \  1967 LS$ 


After-tax 
compensation 

Pretax 
salary and bonus 

After-tax value of 
options granted 

Return on 
stock held 

Pretax valuc of 
stock bonus 

Return on 
options held 

Age 

(ST,\P\D.\RD I N  P.\RENTIIESES)DEVI.\TIOI\S 

Aerospace Chemicals Electronics A1l 

All 126,822 86,094 76,958 93,395 
(410,590) (493,072) (428.977) (468,892) 

CEO 144,731 120.618 96.688 121,840 
(475,720) (602.724) (610,090) (579.963) 

NOII-CEO 118,211 69,283 64,522 79,082 
(375,687) (428,969) (257,306) (400,985) 

All 136,408 121.786 82,223 119,594 
(61,319) (63,111) (34,787) (67.757) 

CEO 175,965 154,324 106,522 151,388 
(58,025) (70.338) (38,316) (67,263) 

NOII-CEO 117.386 105,943 66,907 13,596 
(53,305) (52,440) (21,073) (51,904) 

All 16,821 11,759 16.947 13,505 
(58.726) (46,206) (65,051) (5 1,874) 

CEO 19.463 14,525 19,721 16.322 
(61,331) (55,171) (77.674) (60.354) 

Non-CEO 15.551 10,412 15,200 12,088 
(57,474) (41,100) (55,780) (46,987) 

All 8,797 -5,601 (2,872) -2,229 
(294.955) (477,451) (384.681) (411,763) 

CE0 6.790 5,835 (5.681) 4,264 
(306,196) (531.743) (564,701) (499,470) 

Non-CEO 9.763 -11.169 (1,102) -5.497 
(289,8 37) (400,172) 203,096 (359,753) 

All 0 273 518 219 
0 (1,852) (4,821) (2,341) 

CEO 0 239 0 154 
0 (1,496) 0 (1.205) 

Non-CEO 0 290 845 296 
0 (2,003) (6,139) (2,705) 

All 17.530 1,444 3,507 5,080 
(163.653) (114,107) (92,296) (123,808) 

CEO 18.002 5,523 1,386 7.419 
(218,544) (156,450) (110,359) (165.162) 

Yon-CEO 17.303 -548 4,845 3,903 
( 129.605) (86,293) 79,080 (96.559) 

All 55.5 57.7 56.7 57.1 
(7.1) (8.1) (8.4) (7.9) 

CEO 57.6 58.0 57.5 57.9 
(6.9) (7.7) (7.0) (7.5) 

Non-CEO 54.5 57.6 56.2 56.8 
(6.9) (8.5) (9.1) (8.4) 
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T.\RI.E2 
CROSS-SE(.TION.\L INFOR11.\TLOr\ ON FIRhlS (S,\LES, EQL'IT), . \ h D  \SSEI-S .\RE ir\ MILLIONS O F  1067 CS$; 

s ~ . A N U - \ R DD E V I . ~~ I O ~ SI N  P.\RENTI IESES 

Aerospace Chemicals Elect~.onics All 

Abnormal return5 0.069 
(0.368) 

Return on assets 0.087 
(0.044) 

Sales 

Debt-to-cquity ratio 1.00 
(0.50) 

Common equity 21.25 
(30.08) 

TOTAL ASSETS 40.60 
(74.49) 

Turning to statistics that describe the firins these executives manage, Table 2 
shows that the firms are not highly leveraged, the average debt equity ratio Ianging 
from 0.3 in chemicals to 1.0 in the aerospace industry. Overall, the average of 
abnormal returns across all three industries is less than one-tenth of its standard 
deviation. The hypothesis that E(x,)= 0 cannot be rejected by these data in any of 
the three industries at standard significance levels. This provides some empirical 
justification for ignoring risk premia. On the other hand. the test itself is masked by 
survivorship bias induced by the sample selection procedure, so we are wary of 
making too much of the empirical regularity that even within each industry, the 
firms seem representative of the market portfolio. Further evidcnce about abnormal 
returns from the cross section is displayed by the smoothed frequencies in Figures 1 
through 3. Note that the sample standard deviations of abnorlnal returns differ 
across industries (again suggesting that the probability distribution of abnormal 
returns differs by industry) and that the respective sample distributions are skewed 
toward the right tail. 

8.2. The-Sei.ies S L ~ I I Z ~ I ~ C ~ I ~  The next two tables summarize the time- Statistics. 
series properties of our data set. Table 3 exhibits real interest rates, market returns, 
and abnormal returns by industry for the data period. The three decades were 
characterized by low interest rates (the one period real rate averaging 0.4 percent), 
and the market performed reasonably well (with an average value weighted return of 
8.7 percent). The electronics industry stocks in our sample performed worse than the 
market over half the time (57 percent), compared with 43 percent for the aerospace 
indust~y and 46 percent for chemical industry. 

Time-series averages and standard deviations of compellsatioll components (enu- 
merated in 1967 US$) are given in Table 4. There is no noticeable time trend to total 
compensation within this 30-year phase. The standard deviation of executive com- 
pensation is typically about hvice the sample mean. Yearly averages across the 34 
firms valy quite significantly, and total compensation averaged across the 34 firms is 
not positive evely year. For example, average compensatioll was $326,920 in 1959 but 
negative $161,610 in 1961. Salary and bonus appear to increase over time, with a low 
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TABLE3 
TIRIE-SERIES INFORb'IATION ON INTEREST RATES AND ABNORb'IAL RETURNS 

(STANDARD I N  PARENTHESES)DE\,I.\TIONS 

Value Weightecl 
Abnormal Returns Inflation Interest R e t u ~ n  

Year Rate Rate on Stocks All Aerospace Chemicals Electronics 

1948 0.030 0.0 19 0.000 0.062 0.195 0.086 0.052 
(0.137) (0.283) (0.155) (0.159) 

-0.019 0.037 0.000 0.071 
(0.202) (0.179) (0.111) (0.314) 
-0.017 0.383 0.069 0.193 

(0.171) (0.236) (0.206) (0.286) 
0.010 -0.116 0.087 -0.016 

(0.239) (0.121) (0.178) (0.481) 
-0.053 0.132 -0.109 -0.019 

(0.171) (0.138) (0.138) (0.2331 
0.023 0.053 0.010 0.051 

(0.193) (0.345) (0.151) (0.241) 
-0.022 0.025 -0.059 0.135 

(0.200) (0.178) (0.269) 
-0.013 -0.004 0.021 - 0.175 

(0.215) (0.384) 0.1 68 (0.189) 
0.014 0.126 0.019 -0.118 

(0.220) (0.321) (0.198) (0.196) 
-0.030 -0.101 0.038 0.081-

(0.172) (0.145) (0.170) (0.196) 
- 0.025 -0.039 -0.010 -0.109 

(0.214) (0.087) (0.21 1) (0.360) 
0.077 0.004 0.063 0.211-

(0.269) (0.417) (0.204) (0.297) 
0.019 0.073 0.047 0.057 

(0.231) (0.280) (0,191) (0.364) 
-0.107 0.040 -0.105 -0.207 

(0.234) (0.338) (0.188) (0.191) 
-0.071 0.030 -0.055 -0.230 

(0.146) (0.161) (0.003) (0.186) 
-0.065 -3.490 0.011 -0.07 

(0.200) (0.133) (0.126) (0.250) 
-0.035 0.080 -0.020 -0.205 

(0.238) (0.484) (0.119) (0.091) 
0.122 0.363 0.059 0.103 

(0.293) (0.329) (0.1881 (0.521) 
0.014 0.028 0.0.57 0.270-

(0.240) (0.072) (0.187) (0.366) 
-0.016 -0.009 -0.014 -0.037 

(0.126) (0.125) (0,136) (0.090) 
-0.097 -0.227 0.036 -0.180 

(0.1711 (0.186) (0.140) (0.179) 
-0.114 -0.289 -0.101 -0.151 

(0.175) (0.153) (0.177) (0.106) 
0.104 2.3 10 0.0 1 -3.68 

(0.207) (0.204) (0.150) (0.072) 
-0.050 0.245 0.008 0.023 

(0.380) (0.365) (0.267) (0.010) 
-- 0.029 -0.006 -0.046 0.014 

(0.209) (0.145) (0.231) (0.226) 
-0.024 -2.460 0.088 -0.19 

(0.270) (0.146) (0.268) (0.009) 
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TABLE 3 
TIME-SERIES IKFORMATIOK ON INTEREST RATES AND ABNORMAL RETURNS 

(STANDARD DEVIATIONS IN P A R E N T ~ ~ E S E S )(COh'TINLrED) 

Value Weighted 
Abnornlal Returns Inflation Interest Return 

Year Rate Rate on Stocks All Aeros~ace Chen~icals Electronics 

standard deviation compared with the standard deviation of total compensation. The 
average change in wealth associated with changes in the value of options and stocks 
held is substantial and has a vely high variance. It is these changes that account for 
the reported negative compensation. Again. Table 4 suggests that ignoring the 
options and stock holdings of managers would seriously bias the analysis against the 
substantiating claim that managerial compensation results from contracts written to 
overcome the effects of private information. 

8.3. Ret~r-enzent. We mentioned that 210 of the 306 executives leave the sample 
before 1977 (or the last year for which the firm survives in the data). Although our 
model does not account for separation, it is consistent with an extended framework 
in which managers decide at the beginning of a period whether to work one or more 
periods or not. Then the optimal compensation package is formed for those who 
elect to stay on the job. An alternative view is that involuntary separation may form 
part of an optimal contract for a more sophisticated production and information 
technology than the one developed here. Unfortunately, the data contain little 
information on these separations. Possible explanations include death, retirement, 
dismissal for some misconduct, or voluntary quits. If death and voluntary retirement 
explained separations. the probability of a separation would increase with the age of 
an executive. However, if the separations observed were dismissals, we might expect 
the probability of a separation to decline with firm performance. 

As a diagnostic check of our model specification. we estimated the conditional 
probability of a separation on several variables of interest using a probit. Recall I , , , ,  
to be an indicator variable for retirement, where I,,,, = 1 if the 12th executive retires 
in period t and 0 otherwise. We assume 

if tc,,,B+ E , , ,  > 0 
if x,,, B + r,, ,5 o 

where r l I fis identically and independently distributed as a standard normal random 
variate, K,,, is a row vector of covariates of interest, and B is a conformable column 
vector of coefficients to be estimated. 
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TABLE4 
TIME-SERIESINFORMATION ON EXECUTIVE COMPENSA.I.IO& IIU T~IOUSA&DSOF 1967 us$ 

(STANDARDDEVIATIONS I &  PARENTHESES) 

After-Tax Pretax Value of Return on Value of Return on 
Compensation Salary R: Options Stock Stock Options Average 

Salaly Bonus Granted Held Bonus Held Age 

39.98 93.89 2.09 -22.84 0.00 0.13 55 
(233.31) (50.74) (148.35) (226.40) 0.00 (1.32) (8) 
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T ~ L E4 
TIME-IEKIES INFORMXIION ON F.YECUTI\'E COI\IPE\SATIOU I\ THOUSAhDS O F  1967 US$ 

(S I.-\UDARD DE\tIATIONS IN PARES 1-HESEI) (COA 7%1'LiED) 

After-Tax Pretax Value of Return on Value of Retui-n on 
Compensation Salary & Options Stock Stock Optioils Average 

Salary Bonus Granted Held Bonus Held Ape 

Our findings in Table 5 show that neither abnormal stock returns nor returns on 
assets are significant variables in explaining separatioas. This casts doubt on the 
hypothesis that dismissals are an importailt method of disciplining managers. Both 
age and a retirement-age dummy are significant. suggesting that retirement call 
explain many of the separations. Rank within the firm is positively related. implying 
that subordinates arc Inore likely to leave than CEOs. Finally, although the index 
cocfficicllt on firm performance is insignificant. executive compensation is ilegatively 
corrclated with retirement. a co~mterintuitive finding, at least within the theoretical 
framework we postulate. where compe~lsation and retirement arc unrelated. Perhaps 
this contemporaneous correlation is attributable to tax considerations, which may 
provide incentives to defer con~pensation until after rctiremcnt, hut a definitive 
answer to this qucstioil must await further rescarch. 

8 4 Sen n t l ~  c \crtzorz to Cllarzgeec 1rn Wealtlirt)? 01 Exel u t l ~  Cor.~~perl Slzc~r ellolcler 
Because the populat~oll of fiirns and executives In this data set diffeis In many ways 
fiom molt lcccnt data sets that have been used, we ian sevelal leglessions to 

T A U L . ~5 
RESbLI-S i R O \ I  PROBIT MODEL: PKOBABIL.ITY O F  SEPARATIONS 


STASDAKD ERRORS I \  PARENTHESES 


Variable Coefficient 

Age 0.029 
(0.005) 

Retirement age dummy 0.961 
(0.116) 

Abnormal return 0.075-

(0.156) 
Return on assets 0.533 

(0.539) 
Position 0.247 

(0.084) 
Compensation 3.01E-07-

9.14E-08 
Constant -3.5 

(0.325) 

NOTE: Number of observatiolls = 2536: log-likelihood = 

-649.31. 

http:-649.31


MANAGERIAL COMPENSATION AND THE COST OF MORAL HAZARD 697 

compare the empirical relationship between changes in various measures of cxccu- 
tive compensatioll and firm value with those of other studies. For the purposes of 
comparability, the variables described in the footnote to Table 6 were constructed to 
roughly conform with those defined in Sensen and Murphy (1990). with two notewor- 
thy exceptions. First, changes in both inanagerial incoinc and shareholder wealth 
from holdiilg the market portfolio were excluded from our analysis. meaning that 
only the effects of changes in shareholder \vealth attributable to firm-specific 
abnormal returns were investigated. Second. historical (nominal minus inflation) real 
interest rates were used to col~lpute present v, 1ues. 

Ordinary least-squares regressions werc run for all the executives in our sample 
and for CEOs alone, \vith several definitions of executive income. Table 6 displays 
the regression results. Almost all the coefficients are significant. Following the 
methodology proposed by Jensen and Murphy (1990). a measure of the sensitivity of 
executive colnpensation to shareholder wealth is to predict the change in compensa- 
tion from a $1000 increase in shareholder wealth with the estimated linear model. 
Focusing, for argument's sake. on the whole sample, the second part of columil 2 
shows that after accounting for the lagged effect, the change in an executive's cash 
and bonus is $0.07 - $0.06 = $0.02. This number increases to $9.47 - $7.20 = $2.27 
after accounting for the value of stocks and options granted, improved retirement 
benefits. and related items (see Colun~n 3). Then; from the second part of column 4, 
if we treat the change in salary and bonus as permanent. the effect rises further to 
$1 1.03 - $1.19 = $9.84. The return on stocks hcld contributes another $4.00, and the 
return on options hcld contributes $2.73. Aggregating over all the items. we find that 
an increase in shareholder wealth from favorable abilormal returns by- $1000 raises 
the most encompassing incasurc of executive coinpcnsation hy $9.84 + $4.00 + $2.73 
= $16.57. an order of magnitude larger than Sensell and Murphy's estimate of $3.25 
but hardly enough to reverse their hasic point that, collectively. shareholders have 
far more at stake than the executives who run their firms. 

The data just described on coinpcnsation to the three top executives, abnorinal 
firm returns, and security prices werc used to identify and estimate the truncated 
normal parameterization of the model. They are ordered by r z  E (0, 1.. . . ,N } ,  each 
obseivation referring to one of the 3 excc~~tive positions in one of the 34 firnls in one 
of the 30 years. The intuitive basis for identification in this framework stems from 
the idea that graphing fluct~~ations in realized compcilsation against the firm's 
abnormal rcturns trace out the compcnsatioil schedule and that the distributioll of 
abnormal returns itself can be estimated nonparamctrically from realizations over 
tiinc. Therefore, the curvature of the coinpcilsatioll schedule is informative about 
expected firm losses if the manager shirks, the extra utility the manager would derive 
from shirking, and his or her attitude toward risk. Indeed, the compcnsation contract 
derived in the preceding scctioils maps the prices of observed securities and fir111 
rcturns into compensation received by the manager. To avoid stochastic singularity, 
we postulated a measurement error that induces a discrepancy betweell the obsclved 
compcnsation and actual compensation IV, , ,  , , . Accordingly, for each 11 t (1, . . . .N } ,  
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define the obselved compensation, denoted \GI,,,+ ,, as 

where E , , . ~ + ,is an independent and identically distributed normal random variable 
with mean 0 and variance 2 A;', + ,,,p 2 $ ,and is a normalizing parameter to be 
estimated. 

In this application it is useful to incorporate differences between the three sectors 
that affect the probability distributions for abnormal returns and to distinguish 
between the preferences of the top manager and the other two executives. To this 
end, let s E { I , .  . . ,S }  enumerate the industrial sector and k E { I , .. . ,K }  label the 
executive's position within the firm's hierarchy. For each observation n E { I , . . . ,N } ,  
the indicator variables d,,,, and d2,,i, are now, respectively, defined as 

if the nth obselvation occurs in the sth industrial sector 
= ( otherwise 

and 

1 if the nth obselvation occurs in the kth executive position 
0 otherwise. 

Similarly, denote by f2,(x) the probability density function for the s th  sector if all S 
executives in the firm work diligently, let f , , ( x )  denote the probability density 
function for the sth sector if all but one of the K executives in the firm work 
diligently, and add another subscript to the preference parameters so that the vector 
(aO,,CY k ,  a*,<,p, P ) now characterizes the (time-additive exponential) preferences 
of the kth executive. This paranleterization is not fully interactive because not all 
the S K  combinations induced by partitioning the obselvations by a graph of the 
coordinate pairs (d,,,,, d,,,,) are treated in a distinctive manner. For example, we are 
assuming that if only one executive shirks, the probability distribution of abnormal 
returns does not depend on which executive shirks. Similarly, the preferences of 
executives are assumed to be unrelated to their industiy of employment. While other 
forms of obselved heterogeneity could be added without complicating the estimation 
procedure, our preliminary empirical investigations pursuing this line of enquiry did 
not appear promising. 

The parameter estimates were obtained in two steps. First, f,,(x) was estimated 
for s E ( 1 , . . . ,S }  using data on abnormal returns to the firm. Then estimates of the 
other parameters were found using data on managerial conlpensation and firm 
returns by constructing orthogonality conditions from the participation and incentive 
compatibility constraints, as well as the managerial con~pensation schedule. These 
steps are now discussed in detail. 

9.1. The Distributiorl ofAbr~oi.r??al Ret~l17ls. Our empirical application parameter- 
izes f,,(x) for s E ( 1 , . . . ,S }  and j E {1,2} .More specifically, we assume that for each 
j E {1,2} , the firm's abnormal returns are distributed as a truncated normal random 
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variable with support bounded below by diii,.Thus in each sector s E {I,.. . ,S}, 


where 61 is the standard norrnal distribution function, and ( p,,, n,) denotes the 
mean and variance of the parent normal distribution associated with I , ,  = 1. Under 
this parameterization, g,(x) takes the functional form 

There are four reasons for choosing this flexible three-parameter probability 
distribution. The first is empirical. Figures 1 through 3 suggest that a probability 
distribution with a monotonic density function would not capture some of the main 
features and that the distribution is skewed to the right. In principle, extending this 
parameterization to permit dependence of the standard deviation of the parent 
normal distributions on the managers' effort levels poses no conceptual problen~s, 
but in practice, it proved fruitless exercise with this data set. Second, it is well known 
that if f,,(x) are normal distributions for each j E {1,2} that differ only in mean, 
there are feasible contracts arbitrarily close to the first best allocation that almost 
eliminate the moral hazard problem. The third reason is the flexibility that a 
truncated normal gives in modeling the shirking distribution. Depending on where 
the meall of its parent normal distribution lies, the probability density function of 
the shirking distribution could be either monotonic or almost bell shaped. Fourth, 
this parameterization implies that g ( s )  is decreasing in x throughout its whole 
range, since 

This inequality follows from the fact that if E(x ,,.,+ ,  I I ,,,,= 1)  is less than E(x,,,,+ ,  l 
12, , ,  = I), then p, 5 pZ.  Thus the model satisfies a non not one likelihood ratio 
property that guarantees that compensation is increasing in abnormal returns, a 
feature that, as we have sho\vn, receives some limited support from the pay-perfor- 
nlance regressions." 

It is tempting to interpret the threshold i/1, and the asymmetry of the probability 
density fuilctioil characterizing abnormal returns as stemnling from a notion of 
bankruptcy or takeover. Presumably, firnls cannot incur large losses and remain 
solvent without undergoing drastic changes to their administrative structure. How- 
ever, while this interpretation may seem appealing, it should be treated cautiously. 
Bankruptcy is not analyzed within our theoretical model, and to the extent that 
managerial actions push the firm into bankruptcy, our model is incomplete and 

" Having justified the truncated normal parameterization. we nevertheless acknowledge that one 
could estilliate the clistrihution of ahnornial returns nonparan~etrically. 
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underestimates the cost of moral hazard. Furthermore, the su~vivor firms comprising 
our data set would constitute a poor empirical foundation for estimating and testing 
a theory that formally addressed the relationship hehveen managerial behavior and 
bankruptcy. 

The preceding section showed that our data cannot reject the simple hypothesis 
that 

We exploit this condition in estimation below. Following Madclala (1983:365), for 
example, the mean of a normal distribution truncated from below at t,h is 

Combining Equations (24) and (25) ,we llave 

where the mapping ,u(111,, n,) from 91 x 91+ to !)I is implicitly defined by the first 
line in Equation (26). Therefore, the distribution of abnormal returns for the 
three-sector case is characterized by two vectors H I  = (i/l,.i/l l ,  illi)' and O 2  = 
( u , ,  u2 ,  u3)'.  

We now turn to the estimation O j o ) ,  the true value of 0 , .  For each s E (1,.. . ,S } , a 
consistent estimator for 0;") is 0j "' = ( t , h i  "', dl$ " I ,  t,hj"')', where 

Adnlittedly this estimator is very sensitive to misspecification from unaccounted 
measurement error. For example, instead of observing s,,,for each 11 E {I,.. . , N}, 
suppose the econometrician only obseives the sum .? ,,,,+ , - x  ,,,,+ , + E,',,,_ ,, where 
s:,,,+, denotes an independent and identically distributed random variable with a 
probability density function defined on the closed interval [g,' 1  attributable to 
measurement error in the series on abnormal returns. Then it is easy to prove that 
t,h!"' converges in probability to d1Jo) + ' .  However, while the use of this estimator 
is therefore hard to justify in household panels. where sample respondents typically 
have limited incentives to respond truthfully and reliably to questions asked hy the 
interviewer, data on the financial returns are, by comparison, subject to audit 
procedures that all but guarantee their accuracy. For this reason, using the estimator 
for t,h;" defined in Equation (271, which ignores the possibility of n~easureinent error 
in abnormal returns, seems reasonable in this context. 

The estimation of f,(x-) is completed by setting j = 2 in Equation (22) and 
maximizing the log-likelihood function for N obse~vations in 02.Conditional on 0\", 
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the ML estimator O i n f L 1  is thus defined as the minimizer of 

in 8,. Since the true value Ojo' is unknown, obtaining O $ " I L )  is infeasible, so we 
estimate the true value 0$') by 0:\", found by minimizing Equation (28)  after 
substituting in 0,"') for 0,"). Because convergence in probability of 0,'") ,to 0")1 

occurs more rapidly than fi,substituting 0j")  for O j O )  throughout the other parts 
of the empirical analysis does not affect the asymptotic properties of the remaining 
parameter estimates. In particular, it is straightfcxward to show that 

which immediately implies that the asymptotic distributional properties of 0;"' and 
0 i V L )are identical.' Finally, estimates for (8i0',  OJO') ale used to obtain an estimate 
of E-L$t),LL(+!~), for each s E {I,.. . .S )  from Equation (26).= 

9.2. Tlze Rernuinirzg Pu'ar-anzeters. This leaves the parameters characterizing man- 
agerial preferences and the firm's distribution of abnormal returns from shirking to 
estimate. Because utility levels are unobsel~7ed, a,, a , ,  and a ,  are only identified 
up to a factor of proportionality. For this reason, a ,  was normalized to unity. 
Because the optimal contract is independent of the subjective discount factor, P 
cannot be identified either. Consequently, the only remaining parameters to be 
estinlated are 

Denote the true value of 0 ,  by 0;"). It was estimated using a generalized methods of 
moments (GMM) procedure by constructing orthogonality conditions derived from 
the compensation Equation (231, in which qIris treated as a function p,, implicitly 
given by Equation (20); from the participation constlaint Equation (16); and from 
the incentive compatibility condition Eq~lation (18). 

The filst vector of orthogonality conditions is formed from 

Donald and Paarsch (1993) recently have examined the properties of such estimators in the 
context of estimating auction models. 
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where 8 - (O,, 02, 8,) denotes all the unknown parameters in the model. The 
distributional assumptions about E,,,,, , imply 

and hence, from the participation constraint Equation (16) (which is met with 
equality under the optimal contract), 

where 8'") - (o!"), 8f1), 84")) denotes the true value of 0. The incentive compatibility 
condition (Equation 18) provides the basis for a second vector of orthogonality 
conditions. Let 

- A l - l l (  ~ G ! ~ , i . l l  A,/(P,Z- A 0+ t )
h,,,(0) = exp I ($1 1l'i + 1 .  n ] f , t - l l  0 )  -

where g , ( x ; 0 )  =gc(x),  defined in Eq~iation (23). Again note that if Equation (18) is 
met with equality under the optimal contract (which is easy to show), then 

Last. the orthogonality conditions based on the compensation eq~iation are derived 
from Eq~iation (21). Defining 

the same reasoning yields 

Notice that in contrast to the other two equations, measurement error plays a 
critical role in avoiding stochastic singularities in this equation.~ccordingly,  define 

"bsent measureinent error E:= ,Cf = ,d ,,,,d?,,,<l z , , , (~ ' " ' )= 0 fol. all r r  t { l , 2 , .. . , iV}. 
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the 3 x 1 vector h,,(O) as 

Let y,, denote a q X 1 instrument vector formed from variables orthogonal to 
Iz,,(8(")), and A,. is a q x q matrix that converges to some constant nonsingular 
matrix A. An estimator for OiO), denoted OiV), is found by minimizing 

with respect to 0, subject to Eq~iation (20), which defines q,r.Note that since qllis 
the solution to a fixed-point problem, which must be solved for each value of the 
parameter vector 0, to evaluate the econometric criterion function, this estimator is 
an example of a nested fixed-point algorithm; in the literature on managerial 
compensation: Ferrall and Shearer (1999) also use a nested fixed-point algorithm to 
obtain their estimates.' 

If, instead of (0/-", ~ i " ' ) ) ,  the true value (0/"), 8$(11) had been substituted into 
Eq~iation (30) and minimized with respect to 0, subject to Eq~iation (20), the 
resulting estimator, denoted 8$"""'", would be fi-consistent and asymptotically 
normal, as discussed in Hansen (19821, for example. Given the instrument set y,,, the 
most efficient choice of A ,  in this case is any matrix that converges in probability to 

Proving that 0$"') is consistent amounts to demonstrating that since the differences 
(0j." - I and (0s') - 81")) are both o,](l), then (8;" ' - o'~"".")) is too, using the 8'")) 2 

fact that the criterion function (Equation 30) is continuous and the parameter space 
is assumed compact. Moreover, 8j"" converges at a rate exceeding v%, so preesti- 
mating 8[") with 0[") affects neither the rate of convergence of 84"" nor its 
asymptotic covariance matrix. Consequently, the asymptotic error induced from the 
prior estimation of the distribution for abnormal returns is solely due to V%(O$"") 
- 8$")). Given a weighting matrix A ,  converging in probability to A,: and noting 
that the score of the likelihood function is itself a moment condition, it then follows 
[e.g., from Newey (1984) and using the fact that the information matrix equals the 
expected value of the outer product of the scores] that the asymptotic covariance 
matrix for 84-") is 

" A n  earlier literature on the structural estimation of dynamic discrete choice models also uses 
this estimation method. See Miller (1997) for a recent s u l ~ ~ e y .  
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where 

ae, ae; 

dM1( @((I)) dM,( o("))' 
B 2 = E  ae; 1 

In this study, the instruments were constructed from a combination of financial 
and accounting measures of firm performance and executive compensation. Specifi- 
cally, the return on total assets, the accounting return on equity, the stock return, 
earnings per share, the debt-to-equity ratio, and executive compensation itself, all 
lagged one period (and defined in Appendix B): as well as a constant, were ~ised to 
form the seven-dimensional y,, vector to yield a total of 21 orthogonality conditions 
on multiplication by h,,(O). 

10. STRUCTURAL PARAh4ETER ESTIMATES 

A summary of the main findings appears in the Introduction. We note at the 
outset that the overidentifying restrictions associated with the orthogonality condi- 
tions formed from Equation (29) are not rejected. The test statistic for the sample 
criterion function (Equation 30) is 2.149. Under the null hypothesis, the statistic is 
asymptotically distributed X' with 12 degrees of freedom (since we use 21 sample 
nlonlents to estimate 9 parameters), implying a significance level of 98 percent. 

Table 7 reports the parameter estimates and their estimated asymptotic errors. 
The top half of the table relates to the production side. From Equation (261, our 
estimates of p2,are negative because E(x,,,,, , 1 l,,,, = 1) = 0, and the parent normal 
distribution is truncated from below by the estimated values of $!"). Consistent with 
the model, our estimates of p,, exceed those for p,,  in all three industries, although 
not all the differences are significant. In the aerospace and electronics industries, 
the estimated mean of the parent normal distributions for shirking p\',j and pi;) are 
less than their respective truncation points $,(" and $4'). Therefore, the estimated 
probability density function associated with the shirking distribution monotonically 
declines in output in these hvo industries, in contrast to the chemicals industry. The 
estimated standard deviations of the parent normal distributions are quite precise, 
with the chemicals industry displaying significantly less variability in returns than the 
other two. In a supplementarp analysis not reported here, we could not obtain 
significant differences between the variances of the parent shirking distributions and 
their analogues for working diligently. 
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Figures 1 through 3 illustrate the estimated probability density functions for each 
industry conditional on effort level. We calculated E(x,,,,+,l,,,,= 1) from theI 
parent normal distribution and obtained estimates of -0.197, -0.348 and -0.306 
for the aerospace, chemicals: and electronics industries: respectively. These fig~ires 
imply that E(x,,,,_,I I,,,, = 1) 2 E(x,,,,_,I l,,,,= I), as req~iired by our framework, 
and show that output would fall quite substantially if managers pursued their own 
interests to the detriment of their firms. Moreover, the standard deviations of the 
estimated truncated distributions for hard work match perfectly to the sample 
standard deviations listed in the tables to four significant figures. This constitutes 
evidence that imposing the truncated normal parameterization does not seriously 
bias estimated functions of the first two moments for the probability distributions of 
abnormal returns ~inder hard work, whatever their true functional form. 

Estimates of the managers' preference parameters are in the bottom half of Table 
7. None of the signs contradict the underlying premises of our model. Our estimates 
of a,/a,, the parameter measuring preference for diligence relative to retirement, 
are significantly greater than one for both types of executive officer, implying that 
working diligently is more distasteful than retiring. Noting that our estimate of the 
ratio a, /a ,  is less for the CEO position than for the non-CEO position: this result 
shows that the job of CEO is more desirable than that of subordinate. Our estimates 
of a2 /a , , the parameter measuring preference for diligence relative to retirement, 
are greater than one for both classes of executives, implying that managers prefer to 
pursue their own goals rather than work in shareholders' interests. This difference is 
only significant for the CEO. Our finding that a 2 / a ,  is significantly higher for the 
CEO than for the non-CEO suggests that the greater responsibilities of the top 

TABLE7 

ESTIRIATES OF STRUCTLRAL PARAMETERS 


Parameter Description Industiy/Executive Estimate Staildard Error 

PI Percent mean return Aerospace - 1.756 0.004 
froill shirking Chemicals -0.349 0.035 

Electronics 0 . 7 8 9  0.006 
P2 Percent lneail return Aerospace -0.235 

from diligence Chemicals 0 . 0 1 5  
Electronics -0.114 

0- Percent standard Aerospace 0.471 0.040 
deviation of return Chemicals 0.247 0.010 

Electronics 0.450 0.036 
(11 Treshold minimum Aerospace 0 . 4 8 0  

return Chemicals -0.497 
Electronics -0.606 

P Risk tolerailce 0.107 0.080 
parameter 

t 	 Variance associated 1.481 0.01S 
with lneasuremeut 
error 

ail Preference for CEO 1.071 0.016 
diligence relative 
to retiring Non CEO 1.137 0.630 

f f : / a i  Preference for CEO 1.172 0.014 
diligence relative 
to shirking Non CEO 1.002 0.010 
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position provide more tempting opportunities to act against the firm's interests than 
subordinate positions in the organizational hierarchy, which apparently permit their 
occupants less discretion over the choice of work activities. Indeed, the nonpecu- 
niary benefits to the CEO from shirking are so large that he or she would prefer to 
pursue his or her own goals within the firm to retirement. (Our estimate of the ratio 
a , / a ,  is 0.914.) However, the discretionary opportunities to non-CEOs are much 
less attractive. (The corresponding number is 1.135, implying that they prefer 
retirement.) Finally, the estimated concavity parameter p implies that marginal 
utility is declining in consumption (as required by the theory), although it is not 
precisely estimated. By way of comparison, the findings from struct~iral estimates 
obtained from panel studies of household consumption data yield are ambiguous. 
For example, the estimates of Altug and Miller (1990) imply that utility is concave 
increasing in male leisure but convex increasing in food consumption, whereas those 
of Miller and Sieg (1997) imply that household utility is concave increasing in both 
male leisure and housing consumption. 

To interpret the economic implications of the structural parameter estimates, 
Table 8 reports our estimates of the several measures of moral hazard discussed at 
the end of Section 3 by industly and executive type (as appropriate) where the 
security price p,,, (which appears in all three measures) is calculated for a manager 
at the mean age of 57 in 1967, the last year all firms are in the sample. Recall that 
A,,  is the expected difference between the optimal contract motivating high effort 
and the fixed wage to be paid for high effort if it could be observed, a compensating 
differential for bearing risk to satisfy the incentive compatibility constraint. This is 
reported by industry because variation in compensation ultimately depends on 
g(x,,,)(the ratio of the industry-specific probability density functions for the respec- 
tive effort levels), as well as by executive type, since the incentive conlpatibility 
condition depends on a , / a ,  (the value of working diligently versus shirking that is 
specific to the position of the executive). As the table shows, the differences between 
executive type dominate differences attributable to industry specifics. While the 
shadow value for directly observing activities of the CEO is in the neighborhood of 
$200,000 (in 1967 prices), shareholders would not even be willing to pay $3000 to 
have his or her subordinates perfectly monitored. 

The second measure of the importance of moral hazard is A,,: the additional 
coinpensation needed to motivate high effort in the absence of private information. 

TABLE8 
COS-S OF R.lOR.41 FlAZARD (MEAU AGED EXECU-SILT 1Ii 1967 LSS) 

Measure Industly Executive Cost 

11 Aerospace CEO 
Non-CEO 

186,689 
2,370 

Chemicals CEO 232,966 
Non-CEO 2,680 

Electronics CEO 173,613 
Non-CEO 2,327 

A 2  CEO 
Non-CEO 

259,181
3,272 

1, Aerospace
Chemicals 

263,283,500 
85,355,000 

Electl-onics 104,222,000 
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Since this measure only depends on the position of the manager, not on the 
distribution of firm returns, only two estimates are reported for our parameteriza- 
tion. Reflecting the parameter estimates reported in Table 7, illegitimate perks to 
the CEO would be substantial (but for the offsetting effects of the compensation 
package that induces his or her loyalty to the firm). In contrast, the non-CEO is 
almost indifferent to working diligently versus shirking, so the value of the nonpecu- 
niary benefits from shirking is very modest to him or her. We note that the 
magnitudes of A , ,  and A ? ,  are quite similar. In other words, a manager's benefit 
from shirking roughly equals the prenliunl a firm must pay to align incentives absent 
monitoring yet given managerial risk aversion by varying compensation with output. 

Sum~ningA,, and A , , ,  we obtain the extra cost of getting managers to work hard 
rather than shirk. Even in the chemical industry, where the divergence between 
managerial and shareholder goals is most pronounced, this cost still barely exceeds 
$0.5 million (to properly motivate all three managers). The benefits to the firm from 
such a move are given by A, , ,  the expected increased output from superior 
managerial performance. The numbers in the bottom panel of Table 8 are computed 
from the estimated expected returns under the shirking distribution (we reported in 
our discussion of Table 6) for the median firm in each industry by market value as of 
December 31: 1967. Ranging between $83 million and $263 million, these benefits 
dwarf the costs in each of the three industries studied. From the shareholders' 
perspective, nlotivating the manager to act in the interests of the firm, through the 
asset position he or she is required to take, is cheap compared with the substantial 
losses we estimate a firm would bear from an implicit contract that encourages 
managers to pursue their own goals on company time. 

11. CONCLUSION 

This article was motivated by the observation that managers appear to hold 
financial assets in their own firms that are not warranted by diversification argu- 
ments. From there, we showed how a model of private information based on moral 
hazard could be embedded within an otherwise competitive economy to demonstrate 
that the optimal contract would produce this qualitative result. Parameterizing the 
~itility function of managers and the probability distribution of returns to firms 
(which depend on the manager's actions), the model was then estimated from data 
on managerial compensation (appropriately measured to take account of their asset 
positions) and stock returns of the firms they manage (i.e.: net of the movement in 
the market portfolio). Our empirical findings imply that if these series are generated 
by the principal-agent model we develop, then moral hazard is indeed quite an 
important empirical phenomenon. Although managers would not make huge utility 
gains from privately acting against the firm's interests, shareholders would not be 
prepared to pay huge sums to eliminate the moral hazard. Despite the substantial 
losses incurred if managers deviate from the actions shareholders prefer, the 
incentive compatibility constraints are not that costly for shareholders to impose. 
These results are qualitatively similar to Haubrich (1994), which is somewhat 
surprising because his model has a different structure than ours and his empirical 
methodology, calibration, contrasts with our statistical approach. Our results are also 
comparable with those of Ferrall and Shearer (1999), who find that there are 
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substantial gains from implementing an optimal contract over a linear bonus system. 
We find that shareholders would incur huge losses from ignoring moral hazard when 
setting the manager's compensation scheme. 

The sharp interpretation our structural model offers should be balanced against 
some of the features it ignores. First of all, there is an important sense in which our 
framework understates the divergence of interests between management and share- 
holders. Many actions managers would like to take, such as absconding with the 
firm's assets, are outlawed by criminal and civil law; these actions are not discour- 
aged by the form of the contract but by the penal code. Our model focuses only on 
those actions which are not deterred by the law itself or: for that matter: anything 
that might be ex post obsel~able.  

Second, the wealth of managers only plays a limited role in this model because 
our parallleterization of current utility assumes absolute risk aversion. This simplifi- 
cation is driven by two concerns: Panel data on the manager's wealth that is not tied 
to his or her own firm are, so far as we know, simply not available, and it is unclear 
to us whether stockholders have this kind of information either. If the latter point is 
correct: relaxing the assumption of exponential utility over current consumption 
would col~lpound the moral hazard problem with private information about the type 
of manager, i.e., his or her unobserved wealth (at each period). As we have seen, 
under exponential utility, the optimal contract does not r e q ~ ~ i r e  consumption or total 
wealth to be observed, is not feasible unless there are p~lblic disclosure laws that 
allow shareholders to see what bets the manager is taking against the firm's 
idiosyncratic income (effectively prohibiting the manager from doing just that), and 
cannot be improved on even if total wealth is observed. In reality: the scope of public 
disclosure laws is limited, not requiring the managers to disclose everything about 
their consumption and savings patterns, an institutional feat~lre that is compatible 
with the dual assumptions of exponential utility and pure moral hazard. Thus, if the 
assumption of exponential utility were relaxed, and if the model avoided the colllplex 
issues raised by incomplete information about player type, then the optimal contract 
would require shareholders to observe total wealth at the beginning of each period 
(in addition to securities whose payoffs were tied to the abnormal returns of the 
firm). Not that the limited scope of public disclosure laws provides empirical support 
for the assumption of exponential utility. After all, in a world where theft occurs, 
there are other unrelated reasons for privacy. 

There are other simplifying features of the model that are used in deriving the 
result that the optimal long-term contract can be implemented via a sequence of 
short-term contracts. While the return during the period the action is taken is 
stochasticallj~ determined by the manager's actions that period, actions taken in 
previous periods do not directly affect it. Moreover, because the principal, i.e., 
shareholders, are assumed to be value-maximizers (in this case because shareholders 
face complete markets and the firm is infinitesimal relative to the size of the 
value-weighted portfolio of all firms), there is only a limited role for djlnamic 
considerations. Other motivations for dynamic behavior: such as human capital 
accumulation and job matching, are also ignored.'" In defense of our approach, it is 

"' Gibbons and Murphy (1992) analyze lifetime managerial compensation schen~es that arise from 
recognizing these factors. 
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worth noting our findings that the overidentifying restrictions are not rejected. 
These tests provide some confidence that ignoring the factors mentioned above (as 
well as others we have not raised) is not seriously biasing our estimates (many of 
which are significant and show that the considerations dealt with here are quantita- 
tively important), although they are not guaranteed to be powerful against all 
alternative hypotheses of interest. Acknowledging their limited value: we therefore 
conclude that our study provides a benchmark for further structural estimation work 
in this area and simultaneously complements the many empirical studies of manage- 
rial compensation that: unlike ours, are not explicitly based on economic models of 
private information. 

APPENDIX A: PROOFS 

PROPOSITION1. The r>ab~e choosing the corzs~~r~zptior~ fi~nctroil obtairled fiorn se-
quence to nzcrxunlze Eq~~atiorz ( 4 )  sr~bject to Equntion (5) u 

PROOF. By admitting negative consumption choices, we guarantee an interior 
solution. The first-order condition is 

where 6 is the Lagrange multiplier associated with Equation (5). Substituting the 
implied Frisch demands into the utility function yields 

The multiplier 6 is solved by using the fact that the budget constraint is binding. 
Making c l ,  the subject of the first-order condition, we obtain 

(*.I) c:, = p- ' (111 pa, /3 ' - 111 A, - 111 6 ) 

Multiplying by the respective Frisch demands (Equation A.l) by the factor A,, 
integrating over future histories: and then summing over s E { t ,. . . E}: Equation (5) 
is rewritten 

= ,KIE,(  5As)lll pa,, -E l  
7 = i  
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Rearranging, 

Therefore, the indirect utility is 

as required. 

PROPOSITION2. The c a l ~ ~ efilrzctzon obtained from choosirzg (c,,,,el , , ,+,) either to 
nzaxzmlzeEq~latzorz( 9 )  subject to Equatlorz (10) or. to nzaximzzeEqzlatzorz (11) subject to 
Equatior? (12) 1s 

PROOF. Preliminary to solving this problem, we remark from the definitions of 
pi+,,, and q,+,,,: given by Equations (6) and (71, respectively, by the law of iterated 
expectations: 
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The first-order coilditions for c, , ,  and e l , , , + ,  are 

where r, is the Lagrange multiplier associated with Equation (10). Substituting the 
implied Frisch demands for c::, and each e:,,+ , into the utility function yields 

To solve for r, in terms of wealth and security prices, we take the natural 
logarithm of the first-order conditions to obtain 

Multiplying the first equation by A, and the second equation by y,.. ,,,and then 
making pA,c::, and PA,+ ,el(:,,, , the subjects of their respective equations yields 

Now integrating the second equation over the states that can occur in period t + 1 
and then summing over s E {t + 1 , .. . ,771: Equation (101, scaled up by the factor p, is 
rewritten as 

pA,e, , ,  = ~ , ( l np a ,  P '  - In A, - 111 r,)  

Rearrailgi~lgto make In r, the subject of the equation, we get 

Therefore, the indirect utility for this problem is the expressio~lin Eq~iation(A.2) as 
claimed. 
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PROPOSITION3. If 11,,,= 1. tlzerz the cost-nzinl171izingfeasible contiact ~c 

PROOF. The sl~areholders'objective is to minimize the discounted value of 
expected compensation E,(u;,,,+,) or: equivalently, from Equation (141, maximize 
E,(ln r) , , , , . .  , )  subject to the participation constraint (Equation 16). The Lagrangian 
for this constrained optimization problem is 

where x, the Lagrange multiplier, is an F,-measurable function. The associated 
first-order condition is 

('4.3) 
I 

L ' l l . ! +  l = 

Equation (A.3) demonstrates that L~, , , , ,  , is also F,-measurable. Therefore, 

Noting that a necessary condition for cost mi~limizatio~lis that the participation 
constraint be met with equality, it ITOW follows from Equation (16) that 

-PA! -- 1 ~ ~ ~ I J .!+ I 
= exp 

P,+l . ,  

the s c c o ~ ~ dequality following from the definition of L , ,  ,,, givcn in Equation (14). 
On making tv,, ,+, thc subject of thc equation, the proposition is proved. 

Denote thls unique sol1~t1017b j ~.rl,,,.If 12,,,= 1, tllerz the cost-r7z~n~n?~zrrzgfeas2ble corztrnct 
is 

PROOF. Noting that the objcctive function E,(ln c,, ,,,) is stiictly concave and 
the feasibility constraints (Equations 16 and 18) ale linear in L ) , ,  ,.,, it follows from 
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the Kuhn Tucker theorem that the solution to this optimization problem can be 
found by maximizing 

with respect to c,,,,,,: where q l i i r  and v,,,, are the respective Kuhn Tucker 
multipliers associated with the feasibility constraints. The first-order condition is 

Multiplying both sides of the first-ordcr condition (Equation A.4) by c,, ,+ ,, adding 
and subtracting ~ l l , , ( a , , / a 2 ) A ~ / ( P ~ A  ), and then taking expectatioils yields 

Notice that the first and second terms of this equation are the complementary 
slackness conditions for the Kuhn Tucker problem, which are zero. Therefore: the 
preceding equation implies that 

(A.5) Vl,!t = ( a?/a, ,)  
A / ( / I  n- A , )  

Using the first-order condition (Equation A.4) to substitute for L ~ , , , , +  , in the 
incentive compatibility coilstraiilt (Equation 18) yields the ratio of the Lagrange 
inultipliers q,,-- ~ 2 1 , r / ~ , l , las a solution in 7 to 

which can be expressed as: 

Let ?,,, denote any positive solution to Equation (A.6). Noting that q,,,, has a 
closed-form solution given by Equation (A.51, it follows that 
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for some positive 521,1.We now define 

By construction, B , , , , _ ,  satisfies the first-order conditions for the Lagrangian 
multipliers vI,,,and 52,,1.Since the criterion function for the transformed maximiza-
tion problem is strictly concave and the constraints are linear, there is at most one 
stationary point, which implies that C.,,,,+ , = c, , , , _ ,  and hence 52,,1= v2,,,, thus 
establishing that 5,,,= ~ 1 1 1is uniquely defined by the solution to Equation (A.6). 

Combining the first-order condition (Equation A.4) with the solution to ~ , , , ,  
(Equation AS), we thus obtain 

Substituting for c,,,,.. , using Eq~lation(14) and making w,,,,, the subject of the 
resulting equation, the proposition is proved. 

P R O P O ~ I T ~ O N5. The opt~mallong-term corztrnct carz be tvritterz as rr sequerzce of 
short-tern1 corltmcts in tvhiclz the shareholrlers' expected profit erery period 1s zero; the 
actions a~zdpq~nerz tplar?s are ~der?tlcalto those w h ~ hWOLIMbe ofered in a one-period 
problem arzd where the acailcible technology u the sarne and a nza~lagerof the same age 
ratires at the end of each periorl. 

PROOF. The proposition can be proved directly. To proceed, the existence of an 
optimal long-term contract is first established by writing down the principal's 
optimization problem and showing that a maximum exists (that the supremum over 
feasible policies is itself feasible). Then time additivity in preferences and technology 
is exploited to show that the problem has a recursive structure. This step demon-
strates that the optimal contract can be written as a sequence of one-period 
contracts. Finally, the assumption of the exponential ~ltilityis used to show that 
monitoring the agent's wealth is redundant. However, in the interests of brevity, we 
sketch the modifications required in order to appeal to the proofs of Theorems 4 
and 5 on pages 22 through 25 of Fudenberg et al. (1990), hereafter abbreviated 
FHM. First we note that their Assumptions 1 (verifiability), 2 (finite contract term), 
and 8 (history independent technology), listed on pages 6 and 23: are satisfied by our 
model. Their Assumption 3 (equal access to banking) is relaxed by our assumption of 
competitive, complete markets coupled to monitoring of the agent's financial trans-
actions, while their Assumption 7 (exponential utility) is modified slightly to (2.21, 
which assumes a finite age of death. 

To verify Assumptions 5 (common knowledge of preferences over action-payment 
streams) and 6 (decreasing utility frontier), for any date t ,  define c:,, as consumption 
at date s, net of an annuity payable each year to death (at the end of period I?) that 
e,,,,wealth at date t ,  would support. 
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Noting that p,, -E,(CT=, A,), the period t budget collstraillt for the agent's in-
tertemporal co~lsumptioilproblem can be expressed as 

while the utility stream received between t and E is 

Therefore, the problem of choosing the I;;-measurable consumption fuilctions c,,, 
for all s t { t , .. . ,771 to maximize the expected value of the top line of Equation (A.8) 
subject to the top line of Equation (A.7) is equivalent to optimizing the expected 
value of the bottom line of Equation (A.8) subject to the bottom line of Equation 
(A.7) in the I;,-measurable consumption functions c:,, for all s E { t ,. . . , E). Since e,,, 
onl~7enters the problem through the transformed utility (Equation A.8) within the 
factor of proportionality e~p( -~e , , , / y , , ) ,it effectively drops out of the agent's 
consumption allocatioll problem, thus establishing Assumption 5. Similarly, since the 
utility function is increasing in e,,,, it follows that Assumption 6 (decreasing utility 
frontier) is also met. 

Second, Theorem 3 of FHM (on their page 21) extends to our environment. Given 
the preceding discussion, the only point to check is that replacing their Assumption 
3 (of equal access to banks) with our assumption of complete markets with public 
disclosure leaves the results of the theorem unchanged. The proof in FHM only uses 
Assumption 3 to justify rescheduling payments, which, with the richer set of 
securities available to both parties in our environment, is still possible here. 

The last step is to show that the results of Theorem 5 in FHM apply. Parts (i) and 
(ii) (on page 24 of FHM) follow directly from the preceding discussion. Finally, part 
(iii) follows after modifying Equation (6.7) in FHM along the lines they suggest in 
footnote 13 (on page 25). 
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APPEUDIX B: COUSTRUCTING THE DATA SET 

This appendix describes the construction of the variables used in the estimation. 

B.1. Conzperzsation. The Antle and Smith (1985: 1986) current income equiva- 
lent was used as the nleasure of total compensation. Their work contains a detailed 
description of its construction. Briefly, a current income equivalent is the cash 
payment that makes an individual indifferent between receiving that sum or the 
after-tax value of the compe~lsation package. It is calculated as the after-tax sunl of 
salary and bonus, changes in expected retirement benefits, market value of stock 
grants, value of stock option grants, the present value of deferred bonuses, stock 
grants and option grants value of dividend units, and the change in wealth due to 
change in the value of options and stocks held. 

B.2. Position. The position variable was created from the original Antle and 
Smith data set using the pretax salary and bonus information. We defined the CEO 
indicator variable d2,,, by setting dl , , ,  = 1 if the salaiy and bonus for that obseiva- 
tion was the top salary and bonus paid to the executives by the fir111 in that year and 
setting d2,,,= 0 otherwise. Similarly, the (common) indicator variable for the two 
non-CEO positions was defined as rl,,,, = 1 - rl ,,,,. 

B.3. Age arzd Ter1~rr.e. Executive age in year t was calculated from the year that 
the executive turned 65, and unless othenvise specified, we assunled that the year 
when the executive turned 65 was the executive's last year in the sample. Tenure in 
the current job was defined as the difference between the executive's last year in the 
sample and his or her first year in sample or 1947, whichever came later. 

B.4. Finatzcial LbI(lr.ket ,Werrsur.es. Data on market performance was computed 
from raw data taken from the Center for Research in Security Prices (CRSP) 
monthly stock returns tape and the consumer price index. Denote by cpi,,,,f the 
nominal monthly rate of return for firm 11 in month 171 of year t ,  and let j, denote 
the inflation rate for year t colnputed from the consumer price index. Then we 
defined the real annual rate of return for each stock as the conlpounded monthly 
returns divided by the inflation rate: 

The value-weighted real annual return, denoted T, ,  was colnputed using the same 
formula as Equation (B.l) by substituting the monthly nominal value weighted 
return (P,,,, for 9,,,,,f .  

B.5. Accourzting ,Wensur.es. Data on firm accounting performance were col-
lected from the Annual Compustat Industrial files. Return on assets, return on 
equity, sales, and the debt-to-equity ratio were used as instruments in the analysis. 
Return on assets was computed as the ratio of income before extraordinary items to 

http:,Werrsur.es
http:,Wensur.es
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total assets. Return on equity was computed as the ratio of income before extraordi- 
nary items to total shareholders equity. The debt-to-equity ratio was computed as 
the ratio of total liabilities to total shareholders' equity. 

B.6. Coilsole Boild Prices. The prices of the console bonds were computed by 
first computing the forward rates for a risk-free security from the present until the 
year of the expected death and then pricing the bond. The expected life span for 
each year was taken from actuarial tables on life expectancy. The Solonlon Brothers 
data on yields and yield spreads were used to compute the fo~ward rates. For years 
for which no yield was available, linear yield culves were fitted, and the missing data 
were interpolated. The yield cuive is assumed to flatten after 30 years, so the yield 
for subsequent years is assumed to be the same as the yield in year 30. Because no 
data are available prior to 1950, we assumed that the yields in those years were the 
same as the yields in 1950. 
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