Yale University

EliScholar — A Digital Platform for Scholarly Publishing at Yale

Cowles Foundation Discussion Papers Cowles Foundation

11-1-1984

Managerial Incentives and Capital Management

Bengt Holmstrom

Joan E. Ricart-Costa

Follow this and additional works at: https://elischolar.library.yale.edu/cowles-discussion-paper-series

b Part of the Economics Commons

Recommended Citation

Holmstrom, Bengt and Ricart-Costa, Joan E., "Managerial Incentives and Capital Management" (1984).
Cowles Foundation Discussion Papers. 969.
https://elischolar.library.yale.edu/cowles-discussion-paper-series/969

This Discussion Paper is brought to you for free and open access by the Cowles Foundation at EliScholar - A
Digital Platform for Scholarly Publishing at Yale. It has been accepted for inclusion in Cowles Foundation
Discussion Papers by an authorized administrator of EliScholar — A Digital Platform for Scholarly Publishing at
Yale. For more information, please contact elischolar@yale.edu.


https://elischolar.library.yale.edu/
https://elischolar.library.yale.edu/cowles-discussion-paper-series
https://elischolar.library.yale.edu/cowles
https://elischolar.library.yale.edu/cowles-discussion-paper-series?utm_source=elischolar.library.yale.edu%2Fcowles-discussion-paper-series%2F969&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/340?utm_source=elischolar.library.yale.edu%2Fcowles-discussion-paper-series%2F969&utm_medium=PDF&utm_campaign=PDFCoverPages
https://elischolar.library.yale.edu/cowles-discussion-paper-series/969?utm_source=elischolar.library.yale.edu%2Fcowles-discussion-paper-series%2F969&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:elischolar@yale.edu

Note:

COWLES FOUNDATION FOR RESEARCH IN ECONOMICS

AT YALE UNIVERSITY

Box 2125, Yale Station
New Haven, Connecticut 06520

COWLES FOUNDATION DISCUSSION PAPER NO. 729

Cowles Foundation Discussion Papers are prelimimary
materials circulated to stimulate discussion and
critical comment. Requests for single copies of a
Paper will be filled by the Cowles Foundation within
the limits of the supply. References in publications
to Discussion Papers (other than mere acknowledgement
by a writer that he has access to such unpublished
material) should be cleared with the author to protect
the tentative character of these papers.

MANAGERIAL INCENTIVES
and

CAPITAL MANAGEMENT

by

Bengt Holmstrom

and
Joan E. Ricart i Costa

November 1984



MANAGERIAL INCENTIVES
AND

CAPITAL MANAGEMENT

by
Bengt Holmstrom®
and

Joan E. Ricart i Costa™”

October 1983
March 1984, first revision

October 1984, second revision

*School of Organization and Management and the Cowles Foundation, Yale
University.

**1.E.S.E., Navarra University, Spain.

This research was partially supported by grants from NSF and the Sloan
Foundation.



ABSTRACT

In Holmstrom (1982) an example is given, which shows that a manager's
concern for the value of his human capital will lead to a natural incongru-
ity in risk-preferences between himself and the owners, even when no effort
considerations are involved. In this paper we present a formal model of
this channel of incongruity based on learning about managerial talent. We
also explore the nature of an optimal incentive contract in the case where
the manager may withhold but not misrepresent information about investment
returns,

The optimal contract is an option on the manager's human capital value
with a possible bonus for investing. The optimal investment rule accepts
fewer investments than under full information, which is to say the hurdle
rate exceeds the cost of capital--a commonly observed real world feature.
Another phenomenon the model helps explain is the extensive use of capital
budgeting and rationing schemes in place of linear or non-linear price de-

centralization, which are shown to be less efficient modes of allocation.



1. Introduction

Moral hazard--the problem of controlling unobservable actions by
subordinates--has been extensively studied in recent years. Most of the
fesearch has focused on the case where action can be interpreted as effort
--for good reasons it seems., Sincerity of labor imput is inherently un-
observable; an effort interpretation permits further restrictions on the
model formulation; and effort, being a costly input, provides a natural
source of incongruity in preferences between superiors and subordinates.

In a managerial context, however, effbrt'is only part of the over-
all incentive problem. It is likely that many executives believe their
managers are industrious enough--what they worry more about is how good
these managers are at making decisions.1 Part of this concern relates to
the managers' willingness or unwillingness to take risks in short and long
Tun production and investment decisions. Extensive capital budgeting and
financizl control procedures are concrete signs that the control of invest-
ment incentives is an important issue for the firm. To the extent that
these incentive problems cannot be fully removed by monitoring--as margin-
alist thinking would readily suggest--they have allocational consequences
not only for the firm but for the economy as a whole. The consequences
could be significant in view of the economic impact managerial decisions
have., It seems important therefore to take a more careful look at what,
if anything, may go wrong in decentralized management.

Why would managers be inclined to act against the interests of share-
holders and superiors when it comes to investment decisions? Two early
papers in agency theory, Wilson (1969) and Ross {1973), suggested that in-

centive problems may arise as a consequence of attempts to utilize the
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manager's risk absorption capacity, Optimal risk-sharing--barring excep-
tional cases--leads to incongruities in risk-preferences and a second-best
solution would therefore trade off some of the benefits of risk-sharing
against better investment incentives. To us, this trade-off seems negli-
gible., The value of the manager as a risk-carrier is minimal in & firm
of even modest size, particularly if the firm is publicly held. Conse-
quently, an almost costless soluticn to the incentive problem could be
obtained by paying the manager a flat wage and asking him to act in the
best interests of the owners,

Another, more plausible source of incongruity im risk-preferences
stems from costly (and unobservable) effort choice. In order to induce
effort, the manager has to :zarry some risk and this leads him to value
risky projects differently than his owners or superiors. Grossman and
Har+'s (198Z) generalized principal-agent model can formally account for
this channel of incongruity, but as their analysis strongly suggests,
lit+le can be said without being much more specific abcut the production
technology. Models with highly simplified technological structures are
analyzed in Holmstrom and Weiss (1982) and Lambert (19&4).

Cur purpose is to explore a third reason for why managers might
not act in the best interests of their employer. The reason is simply
this. Managers realize that performance will be read as a signal about
their future potential, This implies that a manager's opportunity wage
will vary with investment outcomes and make the investment cheice a risky
undertaking from a human capital point of view, In other words, invest-
ments (or any other production decisioms for that matter} lead to two
risky capital streams--one human and one financial. If no explicit incen-

tive structures are set up, the manager is only concerned with the former



while owners are concerned with the latter. To bridge the preference gap,
some form of financial incentives are needed.

The argument above was first suggested in Holmstrom (1982)., It was
made partly in response to Fama's (1980) claim that reputational concerns
will police rather well managerial misbehavior even when no explicit con-
tracts are in effect, While it is true that reputation will be a force
in inducing effort (how well, depends on several factors; see Holmstrom,
1282), it is also true that it may create divergent interests in other
dimensions of decision-making as we have just suggested. It is worth stress-
ing that time, which we usually think of as alleviating incentive problems,
is the source of prcblems in the investment setting we are going to study.

Our purpose here is to propose a formal model in which incongrui-
ties in risk-preferences of the kind just mentioned can be analyzed. Our
model is one of learning. Managerial ability is an uncertain factor, which
gets revealed over time through performance. To make matters analytically
tractable, we assume that performance and investment decisions are public
information so that evervbody shares beliefs about managerial ability both
initially and after outcomes have been observed. The manager's expertise
lies in spotting potentially valuable projects. He has to propose invest-
ments to a superior, who makes the ultimate decision. The manager cannot
misrepresent information about a project (this assumption is made to pre-
serve symmetry in beliefs), but he can propose wrong projects or refrain
fron proposing projects that would increase the value of the firm. The
question is what the optimal incentive contract should look like in this
informational setting and what investment decisions it leads to.

A key assumption is that employers are unable to insure fully the

manager's human capital risk, because involuntary servitude is prohibited.



If a Danager turns out to Se oud, a8 commensurate wage contract has to be
offered or else the manzger will leave the firm. This is similar to Herris
and Holmstrom {1982). We show then that an optimal contract offers the
manager 3 downward rigid wage schedule. Unlike the Harris-Holmstrom re-
sult, the wage may be ircreased even if the manager's market value does
not require an increase. The increase acts as an imcentive for bringirg
proposals for consideration by higher management. With respect to invest-
ment decisions we show that hurdle rates for project acceptance are above
the cost of capital (appropriately defined). There mzy be capital ration-
ing and the stylized capital budgeting procedure built inrto the model is
superior to any non-linear scheae of cupital pricing. Indeed, the capital
budgeting proczdure is essential in se:uriag the high degree of insurance
being offered to the manager in the opiimal contract,

The outline of the paper is as follows, The next section gives
an example that illustrztes the nature cf the incongruity in risk-preferences
when there is learning about ability. Section 3 dsfines the model and
provides a preliminary analysis of the value of learning. Section 4 per-
forms the analysis of optimal contracts and investment rules. Section &
applies the general results to the earlier investment example, Section 6
discusses extensions. 7The final section offers a summary and a look at

future directions of research.



2. Market OQutcomes without Contracting--An Example

We begin with an example that illustrates how reputation concerns
can lead to divergent investment preferences., In the example the manager
is not offered any kind of contingent contract and his payment is there-
fore equal to his expected marginal product in each period. This assump-
tion is made to rationalize the need for contracts, which we investigate
subsequently.

There are two periods, t = 1, 2 . Both periods are technologic-
ally identical and stochastically independent. In each period an invest-
ment can be made, which yields a publicly observed net payoff y, at the
end of fhe period. The manager will decide on whether or not to invest.
Before decidimg he can observe a signal St which is a predictor of the
net payoff Yy - Specifically, the net payoff in period t can be written

as the sum:
L
Yo ¥ 8¢ * e

where €, is a random factor. All random variables ( Sy s S3 &

and ¢, ) are assumed independent.
At the beginning of the period (when the manager is paid his fee)

both s, and e, are unknown. The possible values of s_ and ¢, are

t t t t
0, -1 and +1, 0, respectively, so that Y, can be either -1, 0 or +1,
The distribution of Sy puts equal weights on the two outcomes, while
the distribution of €y depends on the characteristics of the manager.
In particular, Pr(et =1) =n, where n is a measure of managerial
ability, unchanged between periods.

The manager's ability is uncertain. The uncertainty is encoded in



a subjective probability distribution over n , which we take for concrete-
ness to be Beta(a,, Bl) in period i. For a Beta-distribution
!
E(n) 2 uy = o=~—5,
boay t By
and so the unconditional probability of e, = +1 is u; .

We will assume that all relevant parties (the manager and the labor
market) share initial beliefs about the random variables including the
marager's ability. Furthermore, we assume that if an investment is made,
the value of s, will become public knowledge at the end of the peried.

t

Thus, after an investment in period 1, Yy and will become known

51

before period 2 starts. Therefore €, can be inferred and all parties will

1
update their bzliefs about the manager's ability in the same way. Since
Beta is a coniugate family of distributions for Bernoulli trials (see
DeGroot, 1970), we have that n at the beginning of the second period will

be Beta(uz, B,) , where

Of course, if no investment is made, Yy = 0 and e, will not be possible

1
to infer., Since S does not contain information about n , nobody changes
beliefs about n and @y = ay Bz = 51 in that case. In all cases
E(n) = Uy = a2/(u2'+82) in the second period.

Let us analyze the market outcome recursively. In the second period,

since it is the last in the manager's career, he has no reason not to make

the socially preferred decision, which is to invest if Sy = 0 and not to



invest if s, ==-1. RNotice that this decision rule does not depend on
current beliefs about n , because if 5, = ¢ then E(yz) =y, > 0 and
if 5, %=1 then E(yz) = -1 + My < 0 , whatever Mo is. The value of
the manager, before s, is observed, is %“2 with this optimal rule.
Denoting his wage in the second period by Wy , We have that w, = %“2 .
because the manager is paid his expected marginal product.

Now go back to the first period. The manager is paid a fee vy
first. Then he observes $q and has to decide on the course of action.
iIf he does not invest he knows that he will be paid W, = %“2 = %“1 »
because beliefs will not change, If he invests he faces a lottery, because
My will depend on the investment outcome (or rather the inferred value

of £y J. A high investment outcome (implying € = +1 } will give hin

m

W (u1+1)/2(u1 +Bl +1) and a low investment outcome will give him

(S I A

m

W u1/2(u1 +8, +1) . The expected value of this lottery is:

+ - 1
Ewy) = upwy + (1 =npdwy = 5y

We find then that the option to invest is never attractive to a
risk-averse manager, Whatever the value of $1 » the manager will face
the same income lottery if he invests and this lottery will have an ex-
pected value equal to what he would get without investing. Consequently,
no investments will ever be undertaken in the first period and the marginal
product and first-period wage will equal zero.

Our conclusion is not dépendent on the two-period structure, With
any finite number of periods it is easy to see (by backwards induction)
that the manager will only be willing to invest in the very last period.

What our conclusion is sensitive to, however, is the specific information



structure of the example, This is useful to understand and we will illus-
trate it by a slight modification of the distribution of Sy o

let us change the example so that s_ is uniformly distributed

t
between -1 and 0. This changes the socially optimal decision rule to the
following: invest if and only if s, > -, , where u, = ut/{nt +Bt)

is the expected value of n in period t , with n being distributed

as Beta(ut, Bt) as before. Conseguently, the value of the manager in

the second period and his fee will be:

0
12
J (ny+sy)ds, = 305 o

As before,

() E(uzlsl) =y, , forany s,

because of the martingale property of conditional expectations. Jensen's

inequality implies therefore:
_fl 2 12
(3) E(wzlsl) = E(«iuzlsl) > 3u7 -

The last term is the manager's fee in the second period.if he does not
make an investment, while the middle term is the expected value of the
manager's fee in the second period if he does make an investment. The
reason the latter is higher is because information is obtained about abil-
ity if an investment is made. This is valuable (unlike in the preceding
case), because the optimal rule now depends on assessed ability.

We conclude from (3) that a manager may want to invest in the first

period if he is not too risk averse. Unfortunately, he will either invest



for all s; or for no sy - This is so, because the distribution of

¥o is independent of sy (cf. (2)), given our assumption that 51 is
publicly observed. Consequently, the manager is either paid W, = 0 (if
he is of the type that never invests) or LI %- {(if he always in-
vests}. In either case his fee is less than he could obtain if a socially
optimal decision rule were followed.

Both variations of the example make the point that there may be
a significant incongruity in preferences due to the manager's career con-
cerns. Without contracting the manager only worries about the human capital
return of the investment, while the owners only look at financial returns.
The divergent interests are so severe in the example that the manager's

private information about s, is left entirely unexpléited. In order

1
to capitalize on his expertise, some form of contingent contracting is
2
necessary.
We will return to the optimal contracting solution of this example

in Section 5.
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3. A General Model

For notational simplicity we assume there are only two periocs,
t =1, 2. The periods are technologically identical and stochastically
independent. In each pericd a publicly obs2rved action a, € A is taken,

which yields a net >ayoff
(4J yt = :’,t(at’ n:’ a;) 2

where n, is a guaitified measure of managerial ability and 8, ic a
random state of nature., Ability is measured so that Ye is increasing

in Ny There is always the opportunity of no action, 35 » which yields
a raturn that is independent of 8, and we may as we:l assume that the
net payoff in that case is idanticzily zero.

The owner is rishk neutral and the manager is risk averse witk an

atenporal utility function over consumption given by

(8) u(cl, cz) = u(cl) + Bu(cz) .

Both parties use the same discount factor 0 < B8 <1 , The manager can-
aot purrow or save and will therefore consume his income in each period.
The manager gets to observe a signal, S, € S, about the payoff
prospacts before 3, is determined. This rationalizes his managerial
position as a scout in search of valuable investment opportunities. Hav-
ing observed S, the manager is expected to report his information to the
owner, who will make the final decision a, . Thz manager has two options
in reporting. He can either conceal his information by claiming that he
did not observe anything worthwhile to invest in; in effect, he can veto

investments by not suggesting any. Alternatively, he can present the true



11

st-value which we may interpret as an investment proposal. We assume that
the validity of the information in the investment proposal can be verified
by the owner. Thus, the manager may withhold but not misrepresent his in-
formation, This is of significance for retaining symmetry in the learning
process.

The manager and the owner share beliefs about ability, signals and

states, These beliefs are encoded in the following probability assessments.

pl{nl) = the prior distribution of nq
r(st) = the stationary distribution over Sy
m(yt, xtlat, Ses “t) = the stationary conditional distribution

of (yt, xt) given a

e » Ny and s where X,

t ]
represents a vector of other observable variables.

The vector X, may be interpreted as any other information that has bear-
ing on the ability evaluation. One may observe how competitors perform,
what the general economic circumstances are, etc. To the extent that these
pieces of information are related to the manager's performance, this will
influence the updated beliefs about ability.

Our formulation does not include all the primitive probability as-
sessments for notational simplicity. For this reason we note the follow-
ing. Ability (n) and state (5) may be dependent. The signal (s)
and the state (8) are generally dependent as reflected in m . But the
signal (s) and ability (n) are independent. The reason for this last
assumption is that we do not want the manager to be better informed about
his ability in case he decides not to report his signal to the owner.

This assumption implies that ability has a purely productive function--

it is a measure of management skills rather than forecasting skills.



12

There is an outside labor market in which *he nmanager can find zl-
ternative employment. For simplicity, we start with the assumption that
this market has the same technological opportunities as the firm in which
the manager is presently employed. Moreover, we assume that the rarket shares
the same informaticn as the owner, i.e,, it starts with identi:zal priors
and gets <o oSbserve Yo 0 Xp s B and also 5, in case the signal is
reported and an investment is made. The information about s, wecanalso
think of as revealed ex post together with the investment outcome. This
is not so implausible, particularly since we really only need to assume
that enough is revealed to make the same inference about ability from out-
put as the manager and the owner does. Plenty of information about cir-
cupstances surrcunding the investment outcome will generally be available
ex post and that m2y well be sufficient for knowing Sy -

To sum up, the seguence of events within each (identical) period
is as follows. First the manager is paid a wage, which he consumes in-
stantly. (This wage need not be his marginal product in the period, since
he can be on a contract,) Next, the manager observes a signal, which he
either reports truthfully to the owner or withholds from reporting. The
owner decides on what action to take., Once the action is taken, the pay-
oftf and the other observable values are revealed. All parties, including

the market, observe the sigral, the action, the outcome and the additional

data if an investment is mace.

The Value of Learning

The key feature of our model is learning about ability. When an
action is chosen in the first period it selects a distribution over out-
comes (y,x) , which will be used to update beliefs about ability. In

statistical language, the first period action determines an experiment,
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which is completely described by the family of conditional distribution
{m(-}al, $;» ny)} with n, as the unknown parameter.

Let h1 = (yl, X), 3y, 51) denote the history of events in period
1. After h, is observed, all parties will revise their assessments of
the manager's ability to a posterior distribution denoted ﬁl . As a
function of h1 . 51 is itself random. It is well known from statistics
that the distribution over Py is an equivalent and complete description
of the experiment about ability. Moreover, the stochastic process, taking

priors to posteriors, will form a martingale, i.e.
(6) E[Pllaln 51] =P

where the expectation is taken over x, and y, conditionzl on the first-
period action and signal. The more variability there is in 51 (in the
sense of 2 mean-preserving spread), the more informative the experiment is
for learning about ability (Blackwell (1953)).

let p, denote the probability assessment over the manager's abil-
ity at the beginning of period 2, If n; =Ny, , aswas the case in the
introductory example, then Py = ﬁl . However, one could well imagine
that ability (or productivity) changes over time and in particular that
the change is a function of the decisions made in earlier periods, For
instance, involvement in a project may increase the manager's experience
in a way that enhances his future productivity. We will include this as

a possibility by assuming that
(73 Py(hy) > py(hy) , for all h, .

Here L2} refers to (weak) first-order stochastic dominance. The assump-

tion in (7) allows ability to increase either deterministically or
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stochastically., Combining (6) and {7) gives:
(8) Elpyia), s;] >, Elp;le;, 5,1 = p

Note that the two expectations are averages of distributions and therefore
. . 3
compared by stochastic dominance.
#We proceed o determine the manager's cpportunity wage and the value

of learning. Let

(9 y(a,s,p) = Im(y,xla,S.n)p(anydxén .

This represents the expected value of output given an action a , a sig-
nal s and a manager whose ability is assessed by p . Subscripts are
omitted because the fornula applies to either period. Let o : S+ A be

a decision rule, which describes that the action o(s) € A is chosen if

s € § is the signal observed. Define

Y(a,p) = I;(a(s), 5, p)r(s)ds R

as the expected output before the signal is observed of a manager p when
the decision rule o is used. The decision rule that maximizes expected

output is given by

(10) o’ = argmax Y(a,p) .
P [+

With this decision rule the one-period value of 2 manager with ability

p is
an z(p) = Y(a;. p) .

It is important to note that ¥ is a linear function of p and



15

so is Y(a,p) . It follows that z(p) 1is a convex function, because it
is the maximum (by (10)) of a set of linear functionals,

Let the manager’s marginal product in period t be z . It de-

'pends, of course, on the decision rule and Py - By (10) we will always
have Z, :_z(pt) . For the second period we know, however, that the mana-
ger has no incentive to deviate from the optimal rule (10), because it is
the last period of his career {recall the same argument in the introductory
example). Consequently, Zy = z(pz) . Combining the convexity of z(-)
with (6) and (8) we find that the expected value of the manager's marginal
product in the second period, conditional on any first-period action a;

and signal $) satisfies:
(12) 5[22!313 51] kd E{z(f’l) Iall 51] z z(Pl) .

Let the value of learning be defined as the difference in (12):

(13 Yp, 310 51) Elz,]a;, 5;] - 2(p;)

E{z(p,) - z(B)) |a;, 5,1 + E[2(p)) - z(py) |a,, ;) .

In (13) we have separated out the twoiéomponentsrafg§;iue inérease.
The first one measures the direct increcse in human.iapgiﬁi due to learning
by the manager. The second part measures the indirect increase in human
capital due to learning about the manager. As the introductory example
made clear, the value of learning about the manager depends on how sensi-
tive the decision rule o* is to the ability assessment p . The more
a* responds to p , the more convex will z(-) be and the more it is

worth to know ability accurately. On the other hand, if o is indepen-

dent of p , then there are no gains to information about n .
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The vreturns to leatning also increase with the variability
in py - This is precisely the reason why more irformative experi-
ments (in Blackwell's sense) have higher value. On the other hand,
k2eping the experiment (i.e., the investment) the same, one would think
that iearning would be more valuabhle the less is known initially about
the nanager. We do not know whether this is true in general, but it holds
for some distributions. For instance, the interested reader can check
that the beta distribution (used in the example) has this property, For
a younger manager witn the same average ability as an older one, invest-
nents will be more informative (leading to higher variability in Ps )
and hence more valuable from a learning point of view. There is an off-
setting factor in the overall value cf the investment, however, If the
payoff function (B} is concave in ability, then the higher variance in
n for the younger manager makes his average financial product smaller.
Indeed, firms reluctantly place unpreven skills in responsible positions
(where payoff is sensitive to ability) no matter how great the potential
is, while for less responsible tasks younger managers may be preferred be-

cause of learning,



17

4, Optimal Contracting

A contract & , for the two-period model, is a pair {w,z) where

w = (wl, wz(hl)) is the wage contract and a = ul(sl) is a decision rule

for the first period. The second period decision rule will always be the
one maximizing expected output (u; ) and we therefore omit it from the
contract.

A contract will be agreed upon at the very beginning of period 1.
The first period wage is paid before S is observed so it is uncontingent.
The second period wage will be paid before s, but after h, is known, so
it can be contingent on h1 . For the time being we also allow the decision
rule to be agreed upon in a binding manner at the time of contracting.

Define

1t

Uw, 2y, 51) u(wl) + BE[u(wz)lal, 51]

(13)

Viw, als 51) E[yl *Bzzlals 51] = Hl - BE[Wzlal, 51] -

The expressions in (13) give the manager's expected utility and the owner's
expected profit as functions of the action & the signal sl,.and a wage con-
tract w . We have tried to simplify notation by dropping arguments and
omitting explicit references to distributions. Recall, however, that W,
is a function of h1 = (yl, Xy By 51) and so is z, = z(pz) , because
P, depends on h1 via the updating rule. Thus, with a8, and 51 fixed,
all expectations are taken with respect to the conditional distribution
of (y;, X)), i.e., m(e, +fay, 55, ) .

We will proceed by solving a sequence of optimization programs,

which correspond to increasingly constrained notions of feasible contracts.
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As a bench mark case we start with what w2 call first-best, where the ideal

Pareto optimal contract is desigred.

A, First-3Best

The contract that maximizes the gains from cooperation solves:
) max JUGo, ats)). sprispes,

s.t, IV(m, a(sll, sl)r(sl)ds1 >0.

The only constraint here is that the owner makes zero profits ex ante.
I1f not, the manager could receive a better initial offer from the market,
which we recall has the same technological opportunities. Note, however,
that once the manager accepts a contract he c;nnot Teneg on it later.
The manager commits himself irrsvocably to the firm. Furthermore, in (A)

we are assuming that the marager will report s, as observed, though as

1
we will see he will have no incentive not to, given the optimal contract,

Proposition 1, The first-best solution satisfies:

{a) w. = wz(hlj =W ; a constant wage;

(b) i(sl) = argmax E{yl 4Bzzlal, sl] .

3

Proof, Whensver a{+} is being used, it is optimal to insure the manager
fully; hence (a). Given that fact, the optimal a(+) satisfies (b).

Q.E.D.

Part (b) of the proposition states that the optimal decision rule

maximizes the expacted net present value of the firm's total capital,

vEy, o+ Bzz » which is the discounted sum of its financial retumn Yy

and the human capital return z5 . 0f course, if learning has no value,
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then the expected value of human capital is independent of the decision
rule and the traditional conclusion obtains that expected one-period pro-
fits should be maximized, In general, though, learning is of value and

. then the relevant objective is to maximize total capital.

Note that because of (a), the manager would indeed have nc incen-

tive to withhold his signal information.

B. Indenture Prohibited; Signal Public

A manager whose performance in the first period is such that his
second-period value z, exceeds the constant contractual wage w , would
be able to obtain a better offer from the market. Since legal constraints
de facto prevent him from committing himself to the firm in advance, he
must be expected to leave the firm if he is paid less than his marginal
product in the second period. Adding this constraint to program (A) leads

to:
(B) m:x IU(w. a(s,), s;)r(s;)ds, ,

s.t. (i) IV(m, c(sl), sljr(sl)ds1 >0,

(11) wy(hi} > z, = z(py(hy)) , ¥Ry .

In (ii) we have made explicit reference to the fact that P, » hence
2y depends on hl ; z(p) was defined before as the second-period value
of a manager who uses the decision rule which maximizes the one-period
output.

We are still assuming that the manager reports his signal (sl)
truthfully, One case, consistent with our general formulation, is that

no s, is observed. We could interpret a2, in this case as a job assign-

1

ment rather than an investment decision., Alternatively, of course, we
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could think of s, as a public sigmal.

Proposition 2, The optimal solution without indenture satisfies:

() wy 2z; <z2(p)) »

(b) wz(hl) = max{wl, zz} R Vhl , where 2, = z(pz(hlj) R

(c) oisy) = argmax{E[y1 +Bzzial, s;] + le(al, s;)} ., Vs, , where
1

(15) H, (8 sp) 2 maw?-E[u(wz) -utwv,lay, 5] .

Proof. Let X be the multiplier of B(i) and maximize the Lagrangian sub-
ject to (ii). Pointwise optimization of wages vields X = u'(wl) = u'(wz(hl))
if wz(hl) 22y otherwise wz(hl) =z, by (ii). From this (b) follows,
The zero profit constraint (which determined X and therefore Wy } im-
plies (a). Therefore (a) and (b) must be satisfied for any decision rule

a , Maximizing with respect to a(¢) , and noting that i = u‘(wl) , we
obtain (c).4

Q.E.D.

The inequality in (a) will be strict if any learning at all takes
place. The reason is that (b) obviously prevents the owner from making
profits in the second period; if z, varies he will in fact make expected
losses. To compensate for this loss the manager pays an insurance premium
z

- W > G in the first period by accepting a wage below his marginal

1
product,

The optimal wage policy is familiar from before (see e.g., Harris-
Holmstrom, 1982)). The risk neutral owner insures the manager to the ex-
tent possible, which means he guarantees the manager at least w, for the

1

second period. If the manager's marginal product z, exceeds Wy in the
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second period the owner pays the marginal product and earns zero profits.
Departing slightly from the terminology in Harris-Holmstrom we call this
wage policy downward rigid (since it is nondecreasing in time)} and tight
(because the owner never raises the wage more than necessary to retain
the manager).

An important feature of the optimal policy is that it makes the

wage depend on output only indirectly through =z As far as the wage

2 *
is concerned, z, is a sufficient statistic for h1 . If the family of
likelihood functions {m(-,-]al, S1s nl)} » ¢haracterizing the first-period
experiment about ability, satisfies the monotone likelihood ratic prop-

erty (familiar from statistics)--which is natural to assume--then z,

and hence wage will be an increasing function of output. But beyond this,
little can be said about the relationship between wage and output without
being explicit about distributions.

This ambiguity, also common in moral hazard models, may appear dis-
turbing from a positive point of view, But in fact it is not, because the
wage is tied to the value of the firm in a straightforward way. In the
simplest interpretation of the model the manager is the only employee of
the firm (or alternatively, the firm cannot function without him). Hence,

the value of the manager, 2z, , is also the value of the firm. It fol-

2
lows that the downward rigid wage structure is a stock option of the whole
firm. In general, of course, the manager will not be the only input factor,
but to the extent his human capital value is aligned with the total value
of the firm, a stock option (of a fraction of the firm) will be a good
proxy for the wage schedule in Proposition 2. This interpretation seems

both realistic and important in view of common compensation practice.

Next, consider the optimal decision rule. As {c) makes clear, the
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optimai rule will differ from the first-best rule in which the totai value
of the firm was maximized. Because of constraint (ii) the manager is forced
to bear some residual risk and a premium has to be charged accordingly,

This premium, and hence the optimal rule, depends on the manager's utility

function, It is determined Dy the appended term Hw (al, 51) in (15),
1

which ¢an be intarpreted mor= easily by approximating utility with the

firs: two terms o>f & Taylor serizs expanded around Wy e We have:

ey A, s sp) "—'F(%—JE["("l) -ut (v vy ‘%“"("1)(“2'”1)2] '

Substituting (16} into (¢) tells us that a(sl) is determined by

maximizing
I B 2
'\17) E[yl +Bz2ia]_’ 51] - 'Z'R(Wl)Ei(wz 'Wl) lall 51} »

where R(wl) is the Arrow-Pratt measure of absolute risk aversion.

Expression (17) shows that for small risks the cost of risk is pro-
portional to the manager's absolute risk aversion. The relevant measure
of risk is the variance in W, (w1 "is fixed). Since Wy = max{wl, zz}
it is only human capital risk that is of concern., This risk is bigger
the more informative the selected decision is in terms of abiljty. Learn-
ing about ability is tad in this regard.

Learning is gocd in another regard. It increases on average the
value of human capital to the extent information abcut ability improves
future decision-making. This offsetting factor is embedded in the differ-
ence E[zzlal, 51] - z(pl) , which is nonnegative by (12). That learning
has both a cost and a benefit prevents unambiguous compariscns with deci-

sion-making under complete information about ability. A project may be
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worth more or less than the value of its financial return stream, depend-
ing on whether learning has a net positive or negative value. In general,
one can only say that the optimal decision rule will be biased in favor

of financial returns when compared to the first-best decision rule, because
human capital risk is costly., This will be illustrated shortly in the
solution to the 0-1 investment problem.

A final remark about the optimal wage policy is in order. While
its structure is the same as in the case without any decisions (see Harris
and Holmstrom), one appealing feature is lost. Without decisions it turns
out that the optimal wage policy is independent of the manager;s utility
function, In particular, L3 is uniquely determined by the firm's zero
profit constraint. However, once decision-making is introduced we can see
from (17) that a(+) is sensitive to the manager's utility function and

consequently w. will depend on it as well.

1

C. Indenture Prohibited; Signal Private

Next we turn to the main case, which incorporates the simplest in-
centive problem. The manager observes Se privately but he may choose
not to report it. This way he can veto any investment project and it as-
sures him a wage equal to z(pl) in the second period. If he chooses
to report the signal, however, the truthfulness of the report can be veri-
fied. The problem to solve is:

(C) mg'x Iu(ml 3(51): sl)r(sl}dsl »

s.t. (i) JV(m, a(sl), sl)r(sl)ds1 >0,
(11) wy(hy)) > 2, = 2(p,())) , Vb,

(1ii) Uw, u(sl}s 51) iu(wl) + BU(Z(PI)} s vsl .



24

The last constraint makes reporting desirable for all signal out-
comes becazuse the manager's vet> can be bhuilt into a(+)} . Note also that
(iii) is actually independent of £ and w, once the expression is simp-
lified. The solution to problem (C) is given by:

Proposition 3. The optimal solution without indenture and privately ob-

served signals satisfies:
{a8) w, <z, <z2(p))
(®) wyihy) = max{wl, b(s,), zz} » Vh; , where z, = z(p,(h;)) ,

() als)) = argmax{ﬁ[yl +Bzzla1, 51+ letal, st
1

where Hw (+,> is as in (15) and b(sl) is the solution of
1

{18) u(z(p,)) = Efu(max{b(s), z,1)]a(sy), s,] .

Proof. Fix a decision rule a ., It is easy to check that the proposed

solution is feasible for a . (Note that the wage depends on o .) Define

(19) c(s)) = maxiwl, b(sl)}
and the following multipliers:

u‘(wlj

(20) u(sl) = ‘G'T(c(sl))

-1>0 for (iii),

(215 A= u'(wl] >0 for (i),

u'(w,)

(22) v(h)) = m[u'(c(sln -u'(wy(hy))] > 0 for (i),

where ¥, b(sl) and w2(h1) are as given in the proposition.

By using the above multipliers and premultiplying each esquation
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by its unconditional probability (and 8 when necessary) the unconstrained
problem can be written as
Max{[ 101 +u(s )00, at(s)), 5p) - uls)) WO +Bu(2(2)))

en

+ AV{w', u.(sl)s 51) '.'BE[Y(hl)(w:?(hl) 'zz)lu'(sl)’ sl)llrfsl)ds} »

which is concave in wages. Therefore the unique maximum is obtained by the

first-order conditions:
(24) A=u' (wl) s

(25) (1+u(s))ut(ey(h))) = A + ¥(hy) =0,

which are satisfied by our proposed solution.

Next we check that the complementary slackness conditions are satis-
fied., . If (ii) is not binding, c(sl) > 25 and therefore wz(hl) = c(sl)
which implies y(hl) =0, If (iii) is not binding for Sy » We must
have W, = c(sl) > b(sl) and therefore u(sl) = 0 . Furthermore all mul-
tipliers are nomnegative and (i) is always binding {to obtain i ).

Therefore there exists a set of multipliers that lead to a Lagrang-
ian optimum satisfying the complementary slackness conditions. Thus by
weak duality the solution is optimal for any given decision rule «a .

The decision rule in (C) is obtained by maximizing the unconstrained
problem (23) with respect to a' (which can be done pointwise). Finally,
(a) is a direct consequence of the zero-profit condition and (C) (ii).

Q.E.D.

The proposition can be understood as follows, Start with the solu-

tion to program (B) as given by Proposition 2. This ignores constraint



{iii). If the manzger is willing to report $; for all its realizations,
given the optimal downward rigid and tight wage policy (that is, if he
always prefers u(sl) to no investment) then we have a solution to (C}
because (iii) will not be binding. Indeed, one might think this will al-
ways be the case becaus2 the wmanager's wage is insured downwards. That

is incorrect, Since Wy < z(pl) in gszneral, & sufficiently risk averse
manager could very well value the guaranteed wage increase z(pl) =Wy > 0
more than the uncertain increase mnax{d, z(pz} -wl} « If this is the case
Tor some s, for which the owner would prefer to invest, then the optimal
way to induce a report from the manager is to add a bonus to his wage
guarantee, which raises it to b(slj-. The minimum required bonus is given
by (18). Such a bonus is the cheapest incentive device because the value
of money is highest at the lowest utility level, Also, there is no way
of threatening the manager if he does not report, because he zan quit and
be assured z(le . It is a familiar phenomenon (see, e.g., Becker and
Stigler (1974)) that bribing is the second-best alternative when punish-
ments are infeasible.

As the wage guarantee is raised, investment becomes less desirable
for the owner and more desirable for the manager. In a model with a con-
tinuum of signals {as in the example of Section 2), the marginal signal
value will be such that both the manager and the owner are indifferent
between investing or not. Of course, since the owner never gains from
the human capital return, it must be that E[yllslj > 0 whenever bonuses
are paid.

The need for a bonus will make the manager's wage more variable

than if the signal s, were publicly observed., This will bias the decision-

1

rule further towards emphasizing a project's financial returns. In other
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respects our earlier discussion of program (B) applies to (C) and there
is no need to repeat it here., Instead, let us make two worthwhile obser-
vations about the general structure of (C).

First, we wish to stress the significance of the reporting procedure
in the model. The owner could not insure the manager to the extent he does
in Proposition 3, unless he retained some control over the decision pro-
cess., A downward rigid wage schedule makes the manager more eager to tazke
risks; if no bonuses are needed for inducing investments, the manager will
in fact prefer to take more risk than the owner. Without reporting, such
incentives would have to be counter-acted by forcing the manager to carry
additional risk. With reporting, however, the problem is dealt with by
rationing: the owner can veto undesirable projects. This is clearly more
efficient than using investment and/or outcome contingent payment schedules,
because maximum insurance is assured. That way the second-best decision
rule will come as close as possible to the first-best rule. Our reporting
procedure can naturally be interpreted as investment budgeting of the kind
observed in firms. Our model suggests that investment budgeting, including
non-price rationing of capital, is rational in view of the need to provide
management with desired protection against human capital riSks as well as
a fair evaluation of performance,

The second thing worth noting about the solution to (C) is that
in the end it only depends on how the various decision rules af{+) map
into joint distributions over the financial return y, and the human
capital return Zy - In other words, if we had started with joint condi-
tional distributions £(y;, zzlu{-)) --one for each decision rule «(-)
--and a marginal distribution r(sl) for Sp » we would have had all the

necessary information for computing the optimal scheme characterized in
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Proposition 3. The finer structure of the information and learning pro-
cesses that we discussed, is cnly relevant for the economic interpretations.
This observation is useful for discussing extensions later on. Also, it
makes precise the sense in which our model of management is about the con-
trol of two capital streams, one financial and one human. Since the
insurance market is incomplete (due to restricted indenture), one cannot
combine the two streams into a single Financial measure (the total value

of capital). The optimal solution wili generally be sensitive to both

dimensions separately.
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5. The D-1 Investment Case

As an illustration of the foregoing analysis, we will consider the
solution to the contracting problem of the introductory example in Section
2. We concentrate on the case where the signal S, has a uniform distri-
bution on (-1,0).

Recall that the value of the manager in the second peried is
Z4 = z(pz) = %ﬂg , where My = u2/(u2 +32) is the probability of a suc-
cessful investment, There are only three possible values for My s given
¥y . If no investmhnt is made then My = Uy . If an investment is made,
then By = GI/(YI +1) if a succtess occurs and ¥y = (u1 +1)/(Y1 +1) if
a failure occurs, where Yy et 81 . Note that Uy does not depend
on the value of Sy » because Yy =5+ & and Sy is publicly observed
so that €, can be inferred. For notational simplicity, we let zg .

z; and zz stand for the three possible values of the manager in the
second period (with obvious meanings).

The value of learning from an investment is according to (12):

v (1 -wy)

0 _1
(26) v =E[zls]-z e SVar(y,) = ———= >0 .,
P 271 2 2 2 (Yl*'l)z

This value is independent of 51 » As a slight aside we can note that

Yy = @, ¥ B, measures the precision of information about ability. From
the updating rules of the Beta-distribution (see (1)) we have that

Yeep = Yo * 1 . Thus, the precision increases linearly with the number
of observations. From (26) we see that the value of learning is inversely
related to the precision of knowledge and goes to zero as vy, goes to

infinity, which it does as the number of observations grows large. An
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economic interpretation is that the value of iearning is greater for young
than for old munagers (with the same average ability), which we made ref-
erence to already earlier.

From /26) it foliows that the first-best decision rule a*(sl) .

would accept a project if and only if:

(27) s

This rule maximizes the total discounted value of capital. Evidently,
it can be restated as: invest if and only if 5 1.5; , Wwhere si is
the hurdle rate that solves (27) as an equality.

The second-best decision rule depends on the wage structure. We
know that w, = max{wl, b(sl), zz} . In the special case we are consider-

ing, b(sl; is independent of 51 » because 2, is, Thus, b(sl) = b1 R

where b1 is the solution of (ses (18)):
0 +
(28) u(z,) = wyu{zy) + (1-wuplulby) .

Using part (C) of Proposition 3, it follows that the second-best rule

:(sl) , accepts a preject if and only if:

2 eyl -utw)2d) .

Again, the Tule takes the form: accept if and only if s, :_E} , where
Ei is the hurdle rate that solves (29) as an equality.

We can make the following comparison between the hurdle rates s;

and s
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Proposition 4: If the manager is strictly risk-averse then E& > sI .
i,e, the hurdle rate is higher in the second-best than the first-best

solution.
Proof: By comparing (27) and (28) it suffices to show that:
(30) E[u(vp) - u' (w))w,] - [u(z3) - u’(w))z5] > 0 .
Define the function
EHI(X) = u(x) - u'(wl)x .

This function is strictly concave since u is, It is increasing for

X < w and decreasing for x > Wy By the definition of b1 ’
u(z)) < Efu(maxfz,, b, 1]
27 - “2* "1 ’

where Z5 s of course, depends on the investment outcome. Since

W, = max{wl, 25, bl} if an investment is made,
0
ufzz) 5_E[u(w2)] < U(E[WZIJ ’

by Jensen's inequality. Therefore, zg < E[wz} .

Now, using the fact that g, (+) 1is concave znd decreasing for
1

X>w , it follows by a second application of Jensen's inequality that
(2) > g, (El,)) > Elg, ()]
o t22) 2 By BV, B M2l

which is the same as (30},

Q.E.DO
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The result in Proposition 4 is intuitive. The first-best rule maxi-
mizes the total value of capital (financial plus human), At the critical
value sI , one is indifferent between investing or not, provided that the
manager is offered full insurance, However, the second-best solution cannot
offer full insurance, and hence a marginal investment becomes unprofiz-
able. When a risk premium for human capital is added, it raises the critical
value for investment above s; . Fewer projects will be undertaken in
second-best than in first-best and the rule is therefore biased towards
discounting the value of human capital. One could also interpret Proposi-
tion 4 as saying that the internal cost of capital is above the market cost
of capital, which is a common observation about firms, However, in making
this statement one should notice that the return stream includes the human
capital value.

As we already noted in the general analysis, one cannot compare
?i with the optimal hurdle rate 51 for the one-period problem, which

is given by:
(31) Syt - 0.

o

Since V >0 $1

<8
Py

» Wwe have that 1

, but s, < 31 depending on the

cost of inducing risk Hw on the manager and the value of learning, V? .
1 1

We proceed to discuss the Qage structure with the objective to show
that a bonus is sometimes necessary and sometimes not. Start with the
assumption that a bonus is not needed. Then Wy = max{wl, 22} . The
first-period wage ¥, is determined by the zero-profit constraint. This

constraint can be expressed as:



(32) ]: [(sy +uy +8u (1 -up) (25 =w)]ldsy = wy =0,

1
This expression can be explained as follows. If s, < E& then w, = zg
and the firm makes zero profits in the second period. Also, if the invest-
ment is a success then w, = z; and the same conclusion obtains. Thus,
what remains is the case where an investment is made and it ends up as a
failure. Then the firm pays w, = w, but earns only za <w, in the
second period. The met value of the investment conditional on failure
is the integrand in (32). Integrated over the values of Sy for which
an investment is undertaken, we have the expected benefit of the decision
Tule to the firm, which has to equal Wy .

We see that the optimal cut-off value 3& depends on w, in (29);
and reversely, Wy depends on E& in (32). By solving the two equations
simultaneously, we get the values for E} and w, determined, Now, if
Wy > bl as defined in (28), then no bonus is in fact necessary and we
have the true sclution to (C).

One case for which Wy > b1 is if the manager is risk neutral (or
close to it).6 This follows directly from (28), which implies that
b1 < z; , Since a risk neutral manage{ always prefers to invest even with-
out any insurance because E[zz] > zg . We have therefore b, < zE < W
(by the zero-profit comstraint (32)).

It is worth noting that when no bonus is required, there will be
values of ) (close to E} ) such that the firm loses from the invest-
ment even though s > Ei . The reason is the following. Since no bonus
is necessary, the manager will prefer to invest for all values of $q
(recall that z, is independent of 51 ). If Ei were such that the firm

also preferred to invest for some values below Ei , then it would be
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Pareto improving to lower the hurdle rate. Hence, marginal investments
must yield negative expected profits to the firm., The only reason the
firm goes along with investing in these cases is that we allow the contract
to specify a binding decision rule af{e) . ExX ante it is desirable to
give the manager the right to invest even in some cases where it does not
pay the firm to invest, because the manager captures the value from increased
human capital. {We will discuss in the next section the case where com-
mitments to invest cannot be made.)

Since the marager always wants to invest when no bonus is needed
in the contract, the firm is effectively rationing the manager when
1 We commented alreadv earlier on the importance of using ration-
ing as a means for orffering maximal insurance.

Now, suppose w; < b, when one solves (v, Ei} from (29) and
(32). Then a bonus is needed to induce a report from the manager. The
bonus is given by (28). Both w, and E} will have to adjust as well.
Since the manager is indifferent between investing or not, given the op-
timal bonus in (28), it is up to the firm to decide what projects to accept.

The cut-off value E& is therefore given by:
(33) 51 + Ul + B"l-ul)(zz-bl) =0.

As we mentioned before, the firm neither gains nor loses if no investment
is made or if the investment is successful, which explains (33).
Note that (33) is not dependent on Wy - Given b1 from (28) and

from (33}, we find Wy from the zero-profit condition:

51

0
(34) Wy = I; [(51 +u1+B(1 -ul) {z;-bl)]dsl .
1
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Finally, w, = max{bl, zz} , because b, > Wy .
There are cases for which a bonus is required. To see this, note

that for a sufficiently risk-averse manager, b1 ::zg in {28). Since

'wl in (34) is always strictly less than zg as
0 0 0
J__ (s *+uyldsy < L (s) +uy)ds; = 2z, ,
Sq s,

and (25"51) <0, we have that w; < b, in that case. This implies
a need for a bonus.

To sum up our discussion, there are two possibilities. Either
Wy f-bl s W
expected profits will be accepted; or w; > b, , w, = max{w;, z,} and

2 = max{bl, z,} , and all projects which give ex post positive

some projects with ex post negative expected profits will be accepted. In
the former case a non-contingent bonus is paid; in the latter case ration-
ing occurs. The former case occurs with a sufficiently risk-averse manager;

the latter case occurs with a manager sufficiently close to risk-neutrality.



6. Extensions

In this section we will discuss some simple extemsions that are

easy to understand based on the preceding analysis.

A. Multi-Period Returns

The intertemporal structure of our model is special in two ways: we
dealt with only two periods and we assuwed that the returns from an invest-
ment accrue in a single period. A full-fledged multi-period model could
be written down and analyzed via dynamic programming in much the same way
as the two-period model we have already dealt with, The main features of
the optimal contract are preserved: downward wage rigidity, the occasional
need for bonus payments, and the trade-off between added risk and added
information from learning in the design of the optimal decision rule.

For details, the interested reader is referred to Ricart i Costa (1984a);
see also Harris and Holmstrom 71982),

The possibility that return streams extend over more than one period
deserves some further comment, however, in light of a recent paper by
Narayanan (1983). As any observer of common business practice could testify,
firms often use the payback criterion as a second measure in evaluating
investment proposals, despite the fact that net present value (NPV) should
be sufficient according to received theory. Narayanan (1983) explains this
by noting that managers may prefer investments with a lower NPV, if the
returns come in sufficiently fast. The idea is that good early performance
raises the manager's opportunity wage and is more valuable than later good
performance, because of the downward rigid wage structure.

In light of our general analysis, we can understand this problem

better as follows, If markets were complete, so that the manager could
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be offered full insurance, then the right criterion to use in judging in-
vestment returns would be NPV applied to the total capital stream--that

is, financial plus human capital returns. To the extent that real world
decisions are based on the NPV of financial returns alone, it is plainly

an incomplete measure, But even if the NPV were calculated based on total
returns, 1t would be insufficient in an incomplete market, because the

right risk premium would have to be adjusted in response to the human capital
risk involved. While the payback criterion is only 2 proxy for how large

the human capital risk is, it can certainly add to the information content
of NPV, particularly one based on financial returns. In this way its use

can be rationalized, not merely from the manager's perspective as Narayanan's
examples would suggest, but also by Pareto optimality. One cannot conclude,
however, that early paybacks are always better than late paybacks for any
given financial net present value. This depends on whether the value of
learning about the manager outweighs the costs of added risk. It appears
though that empirically the value of learning often dominates, since early

paybacks are considered to be desirable by most managers.

B. Firm Specific Capital

In our model, outside firms were assumed to have identical techno-
logical opportunities with the firm in which the manager operates, The
market was also assumed to have the same information. Consequently, the
value of the manager was identical in all companies and his human capital
general rather than firm specific in the language of human capital theory.

With our present understanding of the problem it is easy to see
how one would modify the analysis to incorporate differences in firm tech-

nologies, which would permit some firm-specific skills. Let zg be the
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market value of the manager (i.e. his maximal value in an alternative em-
ployment) and let zg be his value in the present firm. Then the exten-
sion would specify a distribution f{yl, zg,zglu(f)) for each decision
rule «f+) ; or alternatively, one could merge the value z§ with "
into a single return stream irn 2 model where return streams wWere Over more
than one period. Either way, the optimal wage contract would remain down-
ward rigié, with zg as the relevant lower bound in the Pareto problems
(B) or (C). The cost of learning would only depend on variations in zg s
because variations in z§ could be fully insured by the firm. Consequently,
the decision rule would be biased towards firm-specific returns as in the
standard theory of human capital. Note, however, that this would not only
occur because firms are unable to appropriate the returns from an increase
in general human capital, but also because these returns impose risk on
the manager. In this regard our analysis differs slightly from that of
standard human capital theory.

An instance of firm-specific capital of a particular kind that is
worth mentioning, arises when the firm (and the manager) is better informed
about abilitv than the market at large. One would think this is rather
common, given the extra monitoring opportunities that the present employer
has relative to competitors., For instance, the market may not be able to

observe the circumstances (in our model s under which a particular

)
investment was made and therefore is not able to update beliefs as accur-
ately.

Differential information of this kind will lead to a rather intricate
analysis of how the market goes about assessing the manager's value. The

reason is that the market has to be wary of "winner's curse": the Tisk

of hiring away only those managers whose value is less than what the market
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bids for them. We will not go into the details of the complicated process
by which equilibrium wages are determined in this situation since they

are discussed in Ricart i Costa (1984b); see also Waldman {1984), We only
point out that given the equilibrium market value z; » the optimal wage
structure within the firm will remain as stated in Proposition 3. No tumn-
over will occur as long as the market does not have superior technological

opportunities.

C. Investment Proposals Verifiable Ex Post

We assumed that when the manager proposes an investment, s, can
be verified by the firm. A slight relaxation of this assumption would

permit the firm to verify s_ only ex post, i.e. together with the invest-

t
ment outcome y, . In that case, the manager would have full discretion
to accept or reject projects (at least within a fixed set), though he might
be held responsible for bad investment decisions ex post.
We are accustomed to think that ex post verifiability is as good
as ex ante verifiability; simply punish the manager if he made the wrong
decision ex ante. But in our model (and we think in reality as well)
punishments, sufficiently strong to deter all wrong decisions, are not
readily available. The manager can always quit and accept the best market
offer and that is the maximal threat of the firm. Thus, what is interest-
ing here is that ex post vs. ex ante verifisbility may make a difference.
The simplest case is one with a risk neutral manager whose ability
is unchanged from period to period. If 2z(p) is strictly convex then
a risk neutral manager wants to invest no matter what the signal value is
since the expected return from human capital is strictly positive. This

cannot be prevented by punishments. The only alternative is to pay a
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bonus, i.e., bribe the manager for telling the truth?

The bribe is sub-
tracted from the first-period wage and in the end no loss in efficiency
is incurred, because of risk na2utrality.

Witk risk aversion, losses will generally be incurred, but the struc-
ture of the solution remains the same. To see this we must solve the fol-
lowing program:

(D m:x JU(m, u(Sl). sl)'r(sl)ds1 ,

s.t. (i) IV(w, c(sl), sl)r(sl)ds1 >0,
(ii) Wz(hl) > '-’-2 = z(Pz(hl)) » Vhl »

(1ii) als;) € argmax E[u(wz(hl))lal, s;1 . ¥ .

c

Note that program (D)} is as {() except for the last constraint.
We suppress the action, 8, , as before. The manager can choose any
action {or revezl the $1 to induce it) since the signal will only ex
post be observable by the firm. Hence, the manager has the option tec in-
vest even when he should not. He risks being punished if he does so and
the project fails, but he is protected against punishments if the project
succeeds, To present the solution for (D) we need to define a reservation
utility, representing the maximum expected punishment for choosing the
wrong action, This reservation utility is given by:
(35) M(s)) = maxE[u(zz)lal, s;1 +

aIEA
In order to induce u(sl) given s, , the manager must be assured

an expected utility of at least M(sl) , since he can always obtain it

by his free choice of project and the market guaranteed wages.
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We can also define the minimum bribe ﬁ(al, 51) required to induce

action a., when the signal is Sy 4 5(31, sl) is the solution of :

1

(36) E[u(max{ﬁ(al, 51), zz})lal, sl] = M(sl) .

By using the same kind of arguments that we used in the proof of
Proposition 3, one can prove that the solution of (D) differs from the

solution in (C) only as follows:

Proposition 5. The optimal solution without indenture when the signal is

observed ex post by the owner (and the market) is given by Proposition 3

with (b) replaced by:

(") wz(hl) = max{wl, b(sl), zz} . Vhl such that a = a(sl) ,
wz(hl) =z, , Vh1 such that 3, # a(sl) s

where b(s,) = E(u(sl), sy)

The main difference from our previous solution is that we must now
specify wages for all possible actions even if they are not part of the
decision rule. If the manager deviates from the desired decision rule
he can only be penalized if the project fails. This is done optimally
by paying him his market value whenever he deviates. In equilibriﬁm it
will still be the case that the manager is paid a downward rigid wage,
because he will not deviate.

While simple models with symmetric information like this one cannot
strictly speaking accommodate firings, paying the market wage may be inter-
preted as such. Thus, ex post verifiability, suitably embellished, provides

a means by which firings might be introduced.
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D. Self-Enforced Decision Rules

The last variation we discuss is one where the owner cannot commit
himself to a decision rule. That is, we reguire the decision rule to be
self-enforced, so that it is in the owner's interest to follow the decision
rule once he has verified the signal presented by the manager.

1f we interpret the manager's report as an investment proposal it
may be particularly difficult to make the decision rule explicitly contin-
gent on that information. (Note that net present value, for instance, is
not a sufficient statistic for a propesal; information about human capital
returns and risks also play a role.) The impact of this is that now the
owner can also veto ar investment after seeing Sy - As a consequence
no investment with negative expected financial returns will ever be approved
because recz]l that the owner gets no share of the human capital returns
(35_2953). The corfesponding progran to be solved assuming ex ante veTri-
fiability (just for simplicity) is the same as (C) with the additional

constraint:
(iv) V(s a(sy), s;) 2 Bz(p)) - w; - BEiwzlao, 51] .

We call this program {E). Note that equation (iv)} is independent of B
and LI since terms can be cancelled,
Let d(sl) be the maximum guaranteed wage the owner is willing to

pay to go along with a particular action, given Sy » This value d(si)

is defined as the solution to

(37) Viw, 0‘-(51). 51) +w, =0,

1

where the wage contract is wy and wy(h)) = max{zz, d(sl)} .

Now we can characterize the solution as foliows.
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Proposition 6. The solution for program (E) satisfies

W2(h1) = ma-x{d(sl); 22} for d(sl) <y

w2(h1) = max{wl, b(sl), 22} for d(sl} 2w .

Otherwise the solution stays as before.

The proof of the proposition follows the same arguments as before
and is omitted. Note only the differences which are introduced with the
additional constraints., Now both parties can block an investment, the
manager by concealing information, the owner by his decision authority.
The result is that less projects get accepted and, in particular, the hurdle
rate on investments will always exceed the cost of (financial) capital
(see (37)). Regarding the contract we may note that it still features a
guaranteed wage as a function of the signal, but because it has to be self-
enforced on both sides the guarantee is signal-dependent and may go below

w {(when d(sl) < Wy ) in order to induce the owner to go along. Thus,

1

we have a case where the wage need not be downward rigid.
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7. CONCLUSICN

Qur main purpose has been to formalize the simple idea that managers
may prefer different courses of action than owners or superiors, because
of a concern for the consequences actions have on their future opportuni-
ties and careers. We feel this source of incongruity in preferences may
well be more central to the managerial incentive problem than traditional
argunents based on either risk sharing or effort considerations. OQOur
argument allows managers to be industrious and turns instead on legal
constraints on involuntary servitude, which limits the degree of income
smoothing. The approach imposes discipline by assuming that managers
only value their life time income stream. A concern for growth or other
dimensions of performance become endogenous to the model.

The central element in our model is learning about managerial
characteristics. This makes past performance a rational basis for
forecasting future performance. The manager, recognizing that performance
is used as a signal about productivity, tries to influence the evaluation
process by his choice of actions. The potential source of incongruity
in preferences stems from the disscnance between the value of performance
as a signal of future productivity and its immediate financial return. This
was highlighted in the model formulation by associating each action with
two streams of capital, one human and one financial. Without any incentive
scheme a manager would only be interested in administering his own human
capital stream, while owners would only be interested in the financial
capital stream. The socially desirable objective in contrast would look
after the sum of the two capital streams and attempt to maximize its

expected value,
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How one goes about harmonizing the objectives of owners and manage-
ment in an efficient way dépends on the specific information structure.
Does the manager have better information about his potential? Does he
choose actions privately? What does the market observe relative to the
present employer? We chose to consider the simplest possible case of
incongruity in which the manager had some private information about
investment opportunities. He could withhold this information, but not
misrepresent it in case an investment was undertzken. The benefit of
this structure was to retain symmetry in beliefs about productivity and
thereby make the analysis more tractable. Still it provided a source
of incongruity that yielded some interesting insights into the resolution
of this kind of incentive problem.

Within our information structure we found a rationale for detailed
capital budgeting and rationing. The manager's reward structure took the
form of an option on the firm's value, provided that that was linked to his
human capital value. The optimal decision rule maximized the total value
of capital with a risk premium added for human capital risk. The risk
premium implied a higher hurdle rate for investment projects than the
cost of capital.

As a general insight we found that there is both a benefit and a
cost in learning sbout managerial ability. The benefit is that the
manager can be better placed and used in the future if more is known
about him--in effect, his human capital increases (in expectation).

The cost is that learning makes his opportunity wage riskier. This cannot
be fully internalized becaiise indenture is not permitted. Thus, the desired
extent of learning will depend on how these two conflicting interests will

be traded off given the manager's risk aversion. We noted earlier that
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while the risk aspec: is novel to our model, the general conflict is
familiar from traditional human capital theoretic analysis, where firms
cannot appropriate returns from investment in general skills. The
essentiazl distinction is that learning will cause further distortions
in decision-making due to insurance CONCeIns.

One of the general implications of our model, which derives directly
from the view that managers are concerned about their human capital, is
that potential conflicts of interest arise only in areas where human
capital is heavily involved. Investment decisions belong to this category,
particularly when taey expand the manager's scope of authority. This may
explain the great emphasis on capital budgeting. On the other hand, routine
decision-making, even if financially substantial, may need little
attention from owners and superiors. An example of the latter would be
pricing decisions in bidding situations. It is somewhat paradoxical that
managers may often be given complete authority on pricing decisions of
great financial importznce at the same time as relatively small investment
decisions are scrutinized carefully. Our theory could accommodate these
stylized observations by arguing that pricing decisions involve small
changes in the manager's human capital, while investments do not.

while the general insights of our analysis - the presence of a
conflict of interests, the trade-off between risk and return from learning
and the need for control in areas in which human capital is sensitive
to decision-making - are certainly robust, the specific conclusions about
wage rigidity and the form of decision rules are likely to be rather
dependent on the model structure. In particular, our analysis would
change considerably with changes in informational assumptions. Some

interesting and perhaps more realistic modelling work may lie ahead
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in exploring alternative information structures. One possibility is that
the manager can take discrétionary actions, because his decisions cannot
be observed. This would lead to an analysis of contracting that would
be rather similar to standard moral hazard analysis. The other major
informational change is to assume that the manager is better informed
about his ability than his employer (or the market). This case is
especially relevant in view of the fact that any forecasting expertise that
a manager may possess must necessarily involve private information of a
kind that leads to differences in beliefs about ability. In that
situation an optimal incentive scheme would not merely try to motivate
the manager to submit proposals, but would also attempt to reduce the
information gap about ability via self-selection from a menu of possible
schemes. A start on the problem has been made in Ricart i Costa (1984c).

It is fairly obvious that our results on the downward rigidity of
wages will not obtain when there is asymmetric information either about
action choice or ability. Firms would try to make inferences about the
unobservables from investment outcomes, which would be reflected in
incentive schemes that did not offer maximal insurance subject to the
market coﬁstraints. Regarding investment choice under asymmetric
information, we want to mention the intriguing possibility that managers
may want to correlate their decision-making as a way of protecting
themselves against excessive risk. A mistake that is common to all
managers will be less costly for each one of them than a mistake that is
unique in the industry or market. Of course, the value of being uniquely
correct in a particular situation is correspondingly more valuable, but
the opportunity and the risk do not cancel because of risk aversion.

Bandwagon effects, where common (but rational) mistakes get aggravated,
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inducing a higher degree of social risk, may be an important element of
the competitive system, which has not been recognized to date.8

Indeed, the kind of model we have exhibited, with learning as a
key ingredient in explaining managerial conduct, leads more generally to
new questions about how maznagers, and consequently firms, compete for
capital and customers. It suggests a competitive perspective of the
"survival-of-the-fittest" variety. The central issue is whether, or rather
to what extent, managerial concern for reputation, and ultimately survival,
will drive behavior towards efficient decision-making and the market
towards efficient matching of talent and technological opportunities.
It is our view that this kind of competition needs to be explored in
much more detail for a proper understanding of how well our free market

system performs.



49

FOOTNOTES

This view is shared by Kaplan (1984, p. 405), who in his review of
managerial accounting research, considers effort-based models highly
inadequate for capturing the incentive issues that management faces.
Some readers have commentéd that the situation would be quite
different if we allowed Wy to depend on the outcome Yy - This is
true. We have excluded payment schemes of this form, because they
represent contingent contracts. Our point is precisely that contingent
contracts will be desirable. As will become clear shortly, one can

do better than merely make w. contingent on Yy - Given that

1
fact, we will retain for analytical simplicity the assumption that
L has to be paid before Yy is observed. In a medel with many

periods, the distinction between paying w_ before or after Yy

t
is observed, becomes quite irrelevant.
Huberman (1983) has studied a model that is a special case of this
general structure. In his model future ability (or productivity) is
a deterministic function of the actions chosen in earlier periods.
There is no uncertainty about ability at all.

Since (ii) may represent an infinite number of constaints, it is
strictly speaking improper to apply Kuhn-Tucker conditions to the
problem as we do in the proof. However, one can make the argument
rigorous by invoking weak duality. This is done in the proof

of Proposition 3, which makes the short-cut here excusable.

As we will see in section 6, the internal cost of capital will always
be higher than the market cost of capital when applied to financial

returns alone, provided that the decision rule cannot be agreed upon

in advance.
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In the risk neutral case there are many optimal contracting solutions.
One is the downward rigid wage contract characterized in Proposition 3,
while another is to pay the manager his marginal product in each period.
However, the optimal decision rule is always given by 51 = ?1 .

The use of bribes when sufficient punishments are infzasible is
familiar from earlier work on incentives; see Becker and Stigler
(1574).

In a similar vein, one might expect that the degree to which
responsibility for decision-making is shared among several managers

in a firm, has an impact on the willingness to take risks. Kenneth
Arrow alerted us to this consideration. He also pointed out that
Japanese firms might have been able to take more risks (with higher
expected payoffs) than U.S. firms, because of the way in which
responsibility is shared in their managerial culture, and that this
may partly explain their rapid growth. We may add that it is also

an interesting theoretical question to study how one updates beliefs

about ability of many managers from common decisions.
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