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MANAGERIAL REPUTATION AND THE “ENDGAME”
1. INTRODUCTION

A typical basketball game is characterized byeaer-widening divergence iactics as the
game approaches its conclusion (in an attempt to avoid turnovers antheiempponents
the timerequired to close thkead). The team that iteadingtends to play cautiously and
slow down the game’s pace, even under the pressure of the “shot cldek frailingteam
invariably adoptghe antithesis of the leading teang&pproach. The endgame tactics of
trailing teams are dominated by fast breaks and desperate attempts for three-point baskets.

It is our belief that the incentives often facimganagers concerned with enhancing
or protecting their reputations aasmalogous to thostaced in basketballgndgame. A
manager is “aheadthen hisperformance to dathasenhancechis reputation. Such a
manager can be expected to avoid takisgs that mayendanger higeputation even if
theserisks are well justifiedfrom the owners’ perspective. Ananager is“behind,”
however, whemperformance to dateas eroded his reputation. Suchmanager must
restore his reputation or face dismissal. Such managers are likake txcessivaisks in
hope of salvaging theneputations. After all, the money being gambledith belongs to
someone else and, if nothing is doneemployment is unavoidablédence,there islittle
to lose.

This paper presents model in which managers of varyingbilites choose
strategiedfor their companies while companies ordgcide whether or not to retain a
manager. A strateggletermines the meaand variance of theompany’'s performance.
Better managers have more strategies to choose from tHassdbapablemanagers. One
possible Bayes-perfeequilibrium is that thdess capable managers deliberateljoose
high-variance strategies, exactly like the trailing basketball team.

Endgame reputational incentives have implications for the ficapgal structure as

well. Distortions of the firm’s choices regarding risks and return may raise the atedbtof



capital providing anadditional constraint on thérm’s attempts to attain an optimal
debt/equity ratio. In situations where bankruptcy costige, it iseven conceivabléat
the incentive fopoor managers ttake excessivaisks may lead to complete extinction of
certain classes of firms which, absent the moral hazard of endgeemives, woulchave
played a productive role in society.

In this paper, wevill present a modethat induces equilibrium manager behavior
similar to thatseen in basketball's endgame. Wlieve that theconditions required to
induce such equilibria are often observedhi& realworld. Managersvho are candidates
for endgame-type behavior are likely work for firms wheredirect observation of
managers is costly leadirayvners toinfer both manageabilities anddecisions based on
observation of easily identifiedenchmarks, such as earnings, saledyre® cashflow.
Such conditions are common in firms where (1) ownership is sufficiently dispibeseitie
costs ofmonitoring manager decision making is prohibitige any single orsmall group
of shareholders or (2he firm is sufficiently small that ihas notattractedany objective
analyticalfollowing amongfinancial firms (obviously,analyticalreports published by the
firm’s underwriters, whohave an interest in maintainingood relations with firm
managementsare not likely to beobjective). Publicly-owned firmshat share these
characteristics are well represented on all the major stock exchanges.

A vivid illustration of endgame behavior among managers (indasse,portfolio
managers) is furnished bine tale of ahaplessChilean coppettrader. Working the
graveyardshift, the trader incorrectly entered a trade éwst a fewmillion dollars for
Chile’s national coppefirm. Desiring to cover uphis embarrassingrror, the trader
proceeded to engage in a series of futures speculaiging the firm’s money. The
trader’s original aim was to make good the initeeds before hewas reprimandedAfter a
series of additional losses, the trader’s objective becamakegoodthe lossesbefore he
was dismissed. As losse®munted everfurther, the objective became to makeod the

lossesbefore beingarrested. As this process developtéd level ofrisk taken by the



tradergrew everlarger. His losses weffemally noticed, andhe traderwas arrested but
only after he had managed to I&200 million (living proof thatindividualscan, indeed,
have a noticeable impact on national accounts).

Given otherrecent financial debacle@Barings, Sumitomo), iappearsthat the
monitoring of manager decision making is particularly costly in financial tradinghand
endgame behavior is rampant in financial firms. Empirical evidence that portfolio managers
alter the risk/return characteristics of their investments in order to affect their reputations (as
measured by the flow of money inttonds that they manage) igrovided in Chevalier and
Ellison (1995) and Falkenstein (1996).

There are seven sections in this paper. In section 2, we briefly réheergsearch
conducted so far on the importance of managerial reputation in influencing firm decision
making. In section 3, we define the basic parameters of a labor market and delineate formal
mathematicatonditions forBayesian-perfect equilibria in thatarket. In section 4, we
present a class of graphically aatebraically tractablexamples. Insection 5, we
identify and characterize the classes of strategy sets that are consistene eaphilibrium.

We demonstrate that equilibria exishich may leadsome orall managers to choose
inefficient mean/variance combinations @which mean return hasbeen sacrificed to

increasevariance). In section 6, we considbe welfare implications of changes in the
distribution and qualityevel of managers. Weonclude the paper by summarizing and
analyzingour results and by discussitige implications of endgame-type behavior for

mechanism design.
2. LITERATURE REVIEW

Since the subjeavas firstintroduced in Fam#1980), there hasbeen agrowing
appreciation of the influence of reputational effects in dictating the behaviagesits.
Holmstrom (1982) first discussdte possibilitythat themanagers ofirms, fearing that

they would berevealed a#nferior, could choose tdorgo investment projectthat owners



would have found desirable. Holmstrom suggesiedl reputational effects couttlus be
used as gustification for the widely accepted belief that largems were managed too
conservatively. Holmstrom and Ricart i Costa (198&endedHolmstrom’s presentation,
further emphasizing the tendency of managers to avoid desirable investhantsuld
exposethem toundesirable reputationaffects. In additionthey suggestedtontractual
mechanisms thaalleviated the misalignment ajwner andmanagerrisk preferences.
Contractual and information&suesrelated tothis framework were further developed in
Ricart i Costa (1989). Gibbons and Murphy (1982} theform of managerial incentives
with a sample of chief executive officers.

An extremeform of managerial conservatism is therding behavior described in
Sharfstein and Steif1990). Intheir formulation, portfolio managers converged on
identical strategies ilorder to assuré¢hat they could do nevorse than average. While
doing better than average carriggéwards, these were outweighed bthe costs of
underperformance. Hencall managersnimicked each other iorder to assuréat they
would not be averageWhile herding isclearly a conservativstrategy, it does namply
that clients aralways exposed to leshan optimal levels ofisk. One of theportfolio
mangers quoted by Scharfstein and Stein recabhatshewas well aware of thestock
market's excessive risk iBeptember 01907 but would not lower his exposisi®ace no
one else was doing so.

Huddart (1996) presentedreputational portfolio management modeht induced
all types of portfolio managers ttake excessiverisks. In Huddart's model, one
investment security’s risk/return profile stochastically dominated the other. There were two
portfolio managers.Onewas better informed than the othand, if hedemonstrated this
during the first period, he would be rewarded duritige second period. The informed
portfolio managewould receive a private signal regarding the inferior secuhigt could
make it more attractive. If the information was sufficiently favorable, he would overweight

the inferior security. Although all managers chostheir portfolios simultaneously, the



uninformed manager’s need toaximize his chance of appearing to be the informed
managerwould lead him tooverweight the inferior security as well evédmugh his
information did not justify such a decision. Meanwhiles informed manager’s desire to
maximize his chance of appearing to be informed would lead him to overweight the inferior
security to an extent greater th#mat justified by thesuperior informationthat he
possessed.

Our model is closest to Zwiebg|1995). He also addressednanagerial
conservatism, presenting raodel in which managers had twalternative investment
projects to choose fromOne project return profile stochastically dominated ttker, but
the inferior project’s outcome more clearly signaled the manager $etreleof ability. In
Zwiebel's formulation,average managers preferred the inferior investritait clearly
signaled that they were averagegxceptionally capable managethose the superior
investment since they were confidéimat their abilitiesvould berecognizedanyway, and
poor managers choslee superiorinvestment since they counted on the noisier signal to,
perhaps, mask their true level of ability.

Our modeldiffers from Zwiebel in permitting both managers afiins a wider
range of options while restrictindpe number oftypes of agents tdwo. We do not
consideroptimal incentivecontracts. With the expended choiceshe firm and managers
are players in ggame whose equilibrium concept isBayes-perfect. In this expanded
framework, there are many morgpes of equilibria than inZwiebel, including the
intentional choice byesscapable managers of strategieat lead toexcessive variance in
the firm’s performance.Thus, the model presentdaoklow can generatboth reckless and

conservative behavior in equilibrium.

3. A GENERAL TWO-PERIOD MODEL

In this model, an owner hires a manager, obsah&snanager’s performance in

the first of two periods, anthen decides whether to retainreplace the managerior to



the second period. Managers may either be good or bad. The ownertkagepulation
frequency of both types of manager, but has no wagllofg whether a given manager is
good or bad. Therefore, she hires a manager at randtwe.manager thdtasbeen hired
takes an actiorg, which, along with a random process, determineswnoome, Y, for the
first period. The owner, whbenefits fromthe outcome Y nfers fromthe realized value
of Y the likelihood that the managergeod. Based on this inferencthe ownerdecides
whether to retain the manager a second period dire him and hire anew manager at
random forthe second period.The set of realizations of that lead thewner toreplace
the manager iknown asC—the critical region for the owner’s test of the manager’s
abilities. The set of realizations of Y that lead the owner to retain the man&kgemis as

C. A graphic depiction of the flow of events in this model is presented in Figure 1.

3.1. The Nature and Behavior of Managers

A manager hired by thewner will always receive aone-period contract with a
fixed and nonnegotiable paymenManagers will always prefer being employed by the
owner totheir next besalternativeemployment. As a resulthe manager hired by the
owner prior tothe first period will make choices thahaximizehis chance of keeping his
job for a second period.

Managers are not identical but are divided into two types (good, G, and likéi B)
differ in their ability to generate Y; Y is andom variable with likelihood functiolty,
M, 0), wherep is the mean of Y and is Y’s standard deviationMeany is a function of
the manager’s type as well as of the value@ofManagers will be able tanobservably
choose the value @. For nowu ando will be sufficient statistics teharacterize Y (later
in this paper, we introduce the assumption that Y is distributed normally).

A manager of type i's ability to generate Ylimited to combinations bounded by a
continuous andiifferentiable mean/variance frontigg(a). The frontier is comprised of

three segments: an “efficient” segment (what&ld > 0), an“inefficient” segment(where



dw/do < 0), and a transition point (wherg/do = 0 andu is at its maximum). Botp and
o0 must always be greater than or equal to zero.

Inefficient mean/variance combinations are generalignored in the
economics/finance literature, since it is assumed that no one will ever desire to choose such
a combination. As wshow below theremay, indeed, be situations in whiatefficient
combinations may be chosen by managers.

The mean/variance frontier of good manager strictly dominates that of a bad
manager. A graphic representationnéan/variancérontiers attainable bygood and bad
managers is shown in Figure 2.

For agiven owner’s critical region, the manager willchoosethe mean/variance
combination that maximizes his chance of retention.(ifts(0), o) andl(y|ug(o), o) be
the likelihoodfunctions for Ygiven the manager’s type and choicecof SinceC is the
critical region, the optimal choices of for both types of managesg* and og*, will be
given by the values af that minimize the probability of a realization of Y inside®fi.e.,

that minimizes the probability of being fired):

(3.1a) og* = argmin] I(yJug(o), o) dy
y OC

(3.1b) og* = argmin| I(y|ug(o), o) dy.
y OC

The managers’ choices of varianog* and og*, are the best replies the owner’s choice
of C.

The manager hired by tlmvner forthe second period will not be concerned with
keepinghis job for athird period, since there arenly two periods inthe model. For
simplicity, we will assumehat the manager hired by tleevner forthe second period,

unable to altehis own prospectsmakes choices thanaximize theowner’s expected



utility. This assumption may be relaxed. As long as good managers ahvaligsecond-
period choiceghat give theownergreater expected utility than the choices made by bad

managers, the basic results of this paper are not affected.

3.2. The Behavior of the Owner
For agiven pair of managers’ choicésr variance og* and og*, the owner will
choose a seCC, that maximizeher expecteditility over both periods. Since theowner

chooses a manager at random for the first period, first-period expected utility must equal

32) R uW)lyluslog?), oc*) dy + Ps  u(y) I(ylus(os*), og*) dy,

where u(y) isthe owner’s utility given outcome y, B is the probability that a manager
chosen at random is good, angl @vhich equals 1 —§) is the probability that a manager
is bad.

Let the utility that the owner expects to enjoy in seeond period ithe manager is
type (G) be EU(Y|G) while EU(Y|B) is the utility that she expects to enjoy if the manager is
type (B). Let P equal theowner's Bayesian posteriobelief that the manager ood
following observation of the manager’s first-period performarig. P, g (which equals 1
— P,g) equal theowner’s Bayesian posteridoelief that the manager ad. The cost of
replacing the manager with a new manager for the second period is R. The manager will be
retainedif, following observation ofthe manager’'s performance in tfiest period, the
owner’s expected utility in theecond period witlhetentionlessthe cost ofreplacement is

greater than or equal to the expected utility of replacement, that is, if
(3.3a) (Re) EU(YIG) + (Rp) EU(Y|B) > (Rs) EU(Y|G) + (Rs) EU(Y|B) + R.
Using Rs + PR =1 and Rg + Pig = 1,

(3.3b) Rc— Ps > RI(EU(Y|G) — EU(Y|B)).



The manager is retainethen Rg is largeenough tomake the left-handide of (3.3b)
larger than the right-hand side. 18 equal R/Pg, andlet 8, equal Rg/P1g. Since Rg
is an increasing function d¥;, there is also a unique valter theta,8*, such that the
manager should be retaine®{f> 6*. If R = 0, then the decision rule simplifies tq -
P > 0 and the criterion for retention can only (and will always) be met as loag>a$.
As long as R = 0, the owner’s decision rule must be to choose a r€gifor, which 6, >
B when y is outside of. For convenience, weill assumefor therest ofthe papethat
R =0
The critical region that maximizes tlener’s expected utility given the manager’s

first-period choice of variance will be known@s To identify C*, the best replycritical

region, recall that, by Bayes’ rule,
I
(34) 91/ eo =

When R = 0, the values of Hr which the ratio of likelihoodfunctions givenmanager
choices of variance is greater than or equal to one are within C*. The owner’s best reply to

og* and og* will be

. _H Iy I1g(o+))
¢ éyleﬁeoliylus(crs*)}

3.3. Equilibrium

M

A set of strategies G*, og*, og*} will combine to form a BayesiarNash
equilibriumif, given theowner’'schoice ofC*, managers of either type will have a best
response ob;* and, given the managers’ choicesapf and theowner’s beliefs regarding
the likelihood that thehosenmanager is of a particuléype, the owner will have a best
response o€C*.?

For the casavhere R = Othe set of values of for which 8, < 6 is the critical

region, C*, of the testfor manager retention. Whenly C*, the owner will fire the



manager. GivelC*, managers of each type widhoosethe level ofvariance,o*, that
maximizes their chance of attaining a realization aju¥side ofC*. Giventhe managers’
choicesfor variance,the ratio of likelihoodfunctions, I(y|ug(og*))/1(ylug(og*)), must
equal one at thboundaries ofC*. If these conditions arenet, the strategies result in a
Bayesian-perfect equilibrium.

Assumingthat R = Oand Y is normallydistributed, wecan exploit the facthat
[(Ylug(oc))/ I(ylug(og*)) = 1 at theboundaries oC* in order todetermine the nature of
the critical region. Referring to Figures 3a and 3b, which depict the probability distribution
functions of two managers, we stéhat the ratio of likelihoodunctions is equal to one at
the points where the two functions intersect. In Figur@ga= og*. Whentwo normal
distributions havehe same level of varian@nd differentmeans,there will be only one
realization of Y for which the ratio of likelihood functions is equabt@. This value of Y
will be half way between théwo distributions’ means. In this cas€, has asingle
boundary, y*. Realizations of Ylessthan y* result inreplacement of thenanager. Al
realizations of Y greater than or equal to y* result in retention ofmitweager. The critical
regionC will be the open interval ps, y*) while C will be theopen intervaly*, «]. In
this caseplg must be inside o€ while g is inside ofC.

If two normal distributions have different levels of variance, there will be two
realizations of Yfor which the ratio of likelihoodunctions equal®ne, regardless of the
distributions’ means. In Figure 3b,at* > og*, then realizations of Y between the two
points where the ratio equals one will be part ofdtigcal region. HenceC* will be the
open interval (y*, y**). The bad managexhoice ofmean,ug, must be inside of. If
og* < og*, then realizations of Y between theo points wherahe ratio equals one will
not be part of the critical region a@l* will be the closed interval [y*y**]. In this case,
Ug must be inside o€ .

The special case is which R = 0 has sather interestingproperties. When there

are no replacemeubsts,neither the true distribution of managexs the owner’s utility
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function plays any role in determining equilibriunthe owner’sdecision rule is taetain

the manager as long s> 65. By Bayes’ rule, thisvill be the casenly (and always) at
points wherethe ratio of likelihoodfunctions is greater than or equaldoe. The true
distribution of managers is not an argument in the likelihbmdtions ofeither type of
manager. Hence, thieue distribution of managers cannot affect the managers’ choices of
o* or the owner’s choices of y* and y**.

To seewhy this special case is unaffected by changes in dimer’s utility
function, remember that the owner, though concerned exjpected utility, is onlyable to
observe realized utility. The likelihood that a manager of a givenprgrtices garticular
level of realized utility is identical to the probability that the manpgeduceshe value of
Y associated with that level of utility. Hence, the values of Y for whatilo of likelihood
functions is greater than or equal to @me the same as the valuesu¢f) for which the
ratio is greater than or equal to one. As a result, the owner will ctieosame values for
y* and y** (and the managers will respond by choosing the same value$) foegardless

of the owner’s utility function.
4. A CLASS OF TRACTABLE EXAMPLES

When Y is normally distributed and the mean/variance frontier is of the quadratic
type shown in (4.1a) and (4.1lhe manager retention problem cansoé/edanalytically

and graphically. Let the mean/variance frontier of a good manager be
(4.1a) Ug = bog —0g2 b>1,

and let the frontier of a bad manager be

(4.1b) Ug = Og —Og2.

Neither manager will be allowed to set bpthndo equal tozero® Figure 4 showshese

frontiers for the case b = 2.

-11-



Assume that the critical regi@his an interval of théorm [—o, y*]. Later, itwill
be demonstrated thdtis is, indeedtrue for this class of examples. Given lgisoice of
mean and variance, a manager would have performance Y, normally distributedeaith
1 and variance?. Letting®([/be the standard normal cumulative density funct©bF),
the likelihood of performance y* or less is given®{z), wherez = (y* — p)/o.

The manager will choose the valueathat minimizes the probability dfis being
fired. The probability of being fired isP. Since @ is a monotonic increasing
transformation ok, choosingo to minimize® is the same ashoosingo to minimizez.
Substituting the values for the managers’ means givéd.tiya) and (4.1b), the managers’

choice problems are given by (4.2a) and (4.2b):

(4.2a) og* = argmin (y* — og + 0g?)/og
w.r.t. og

(4.2b) og* = argmin (y* —og + og2)/0g.
w.r.t. OB

Setting the derivatives ¢#.2a)and (4.2b) equal to zero andolving forc*, we find that
both types of managersptimal choice is t@eto* equal to(y*) /2. As a resultug* =
b(y*)1/2 — y*, andug* = (y*) 1/2— y*. Since both managers choose the same valug*for
there is, indeed, only one value of Y, y*, where the ratio of likelihood functioaguisl to
one and the critical region is of the formeo[-y*).

The managers’ decision-makipgocesscan readily be represented graphically in
mean/variance space. In Figure 4, several of the managers’ indifferencearasieswn.
Managers are interested in choosing the mean/variance combination that achiemgeghe
value ofz. Managers will be indifferent tall combinations ofx and o that produce the

same value af leading to linear indifference curves of the following form:

-12-



(4.3) M =-2Z0 + y*.

All of the indifference curves converge at the point wiperey* ando = 0. At thispoint,
zis undefined. From this point, the indifference curves fan dtie indifference curve to
the left of y* along theu axis represents the locus mean/variance combinations that have
a zero probability of surpassing y*. The indifference curve starting at y* and moving to the
right along theu axis represents the locus of mean/variance combinations which #esure
y* will be equaled orsurpassed. The indifference curve thaises vertically from y*,
labeled b, representsll mean/varianc&€ombinations that have a 50 percent chance of
surpassing y*. Indifference curves grow more preferable as they fandfiotm right, so
a manager willchoosethe combination orhis mean/variance frontier tangent to the
indifference curve that is most to the right.

Given the managers’ choices fo, it is not difficult to identify the owner’s choice
of y*. Recalling that we have assumtbdt replacemertostsare equal t@ero, we know
from (3.4) that y* must be athe pointwherelg/lg = 1. The derivative ofd, @, is the
normal distribution’s probability density functig®DF). Thelg will equal ¢ evaluated at
Mc*(og*) and og* while |g will equal @ evaluated apig*(og*) and og*. Setting the
normal likelihood functiongor both types of manageexjual to onenother, substituting

(y*) 12 for o*, and simplifying, we get the equation for y*:
(4.4) [b(y*) /2 — 2y*)2 = [(y*) 1/2 - 2y*]2.

Solving (4.4) for y*, we findthat y* = (b + 1%/16 ando* = (b + 1)/4. Substituting this
value ofg* into (4.1a) and (4.1b), we finthat the meaffior a badmanager i{2b — ? +
3)/16 whilethe mearfor a goodmanager ig6b — 7 + 7)/16. Evaluated at b = 2, the
probability that agood manager will be retained i81 while the probability that a bad

manager will be retained is .19.
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Referring back to Figure 4, we see a graphic representatidheaquilibrium.
Each manager chooses thedq) combination whergheir mean/variance frontier is tangent
to thebestattainable indifferenceurve. For éad manager, this ig While it is & for a
good manager. Both types of managsse chosethe same level ofariance, but good
managers have a higherean tharbad managers.Good managers are on the efficient
portion of their mean/variance frontiers while bad managers are on the inefficient portion of

their mean/variance frontiers.
5. POTENTIAL EQUILIBRIA

When we assume that Y is normally distributed and R = O, it is possildentify
classes of strategy sets consistent \iigh equilibrium developed igection 3. Inthis
section, wedemonstrate through@ocess ofelimination thatany strategy set consistent
with equilibrium mustfall into one of threedbroad groups o$trategy setlasses. One of
these groups includes the equilibrium presented in section 4hdwthat equilibriafrom

the remaining groups are possible, we present an example from each.

5.1. Elimination of Strategy Sets Inconsistent with Equilibrium

In order toeliminate strategy sets inconsistent with equilibrium, @seploit four
lemmas. To facilitate the explanation of these lemmas, recalfdhatny given value ofu
less than the maximum value attainable bynfamagerthere aré@wo (4, o) combinations
on the managers mean/variarfoentier. One of these combinations is a low-variance
choice on the efficiergide ofthe frontier while the other is a high-variance choice on the
inefficient side of thdrontier. Since the manager mayoose |, o) combinations inside
of the aredbounded bythe ¢ axis andthe frontier, the manager canhoose, for ajiven
value of u, any level of variance between thagh- and low-variance values on the

manager’s frontier.For agiven value ofy, all values ofoc between and including these

-14-



two values are said to be feasible. By the same reasoning, for a given \@laé vélues

of u between zero and the maximum attainable valyegifenc are said to be feasible.

LEMMA 1: Aso decreases, the probabilityassnearpt increases, which increases
the probability of y lying between y* ang** that bracket thamnean. The Appendix

includes a formal proof of this fact about normals.

LEMMA 2: For a given value af, the probability offalling between y* and/** is
maximized whemp(o) = pL = (y* + y**)/2. 0Q/du is positive foru < p and negative fop
> . This is a property of the normal distribution. See Appendix.

In terms of the rejection regidd, the lemmampliesthat, if C is theopeninterval
(y*, y**), then managers will choose a mean as far figras possible. I is the closed
interval [y*, y**], then managers will choose a mean as cloge &s possible.

It can easily beshownthat Lemma Zemains true ag** approacheso and/or y*

approachesce. Proof of this has been omitted.

LEMMA 3: If g = Ug, thenpg andpg are equal tqi. Again, this is a property of

the normal distribution. See Appendix.

LEMMA 4: Considetthe case iiwhich og < og. It is a property of normals, as
shown in the Appendix, that, pg increasesyg constant),ii will decrease.

Considerthe case itwhich og < og. If dp/dug is negativefor all values ofpg
between y* andy**, thenlLemma 4 istrue. Toseewhy this isthe case, consider a
situation in whichug > pg and di/dug is negative. Adug increases and converges on
Mg, B must be decreasing in value, but Lemma 3 assures that,whenug, f will be
equal tothem. Hence, agg converges onlg from below, i converges ong from
above. Thismplies thatyg is betweenpl and pg whenpg > pg. Similar reasoning

assures thatg is betweert andpg whenpg < pUg.
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By exploiting the lemmas presentebove, wecan prove five theoremghat
demonstrate thahost Bayesian combinations gbod and badnanager strategies cannot
form part of a strategy set consistent with a Bayesian-perfect equilibritieorem 1
eliminates all possible strategy sets in which managers of eithecligosemean/variance

combinations that do not lie on their mean/variance frontiers.

THEOREM 1: In equilibrium, managers must choasean/variance combinations

that lie on their mean/variance frontiers.

PROOF Manager choices @f ando that do not lie on the managerisean/variance
frontier may either be on the axis (whereu is equal to zero and is between théowest
and highest values possible whgn= 0) or interior to the regiorbounded by the
mean/variance frontier and tbeaxis.

First, consider interior choices. Regardlesshefnature of thequilibrium, either
C or C or both will be intervals. IfC (C) is a closed (operihterval then, byLemma 2,
managers will always choose the feasible valyg given hischoice ofo, that is as close
to (far from) 1 as possible. There are six possible cases:

1-2. If L < 0andC (C)is a closed (open) interval, théme manager wilthoose
the lowest (highest) feasiblealue ofu. This choice is on thes axis (mean/variance
frontier).

3-4. |If p is greater than or equal to the highest feadilel of u given the
manager’s choice af andC (C) is a closed (open) interval, théme manager wilthoose
the highes{lowest)feasible value oft. Thischoice is on the mean/variance frontier (
axis).

5. If p is between zero and the highest feasielel of u given the manager’'s
choice ofo and C is a closed interval, thethe manager wiltchoose amean of [i. By
Lemma 1, the manager will then chodBe lowest feasiblevalue ofo given his choice of

K. This choice is on the efficient portion of the manager's mean/variance frontier.
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6. If L is between zero and the highest feasiblel of p given the manager’s
choice ofo andC is the open intervaghen, byLemma 2, theananager willchoose avalue
of p as far fromp as possible. This choice is eithertbe mean/variance frontier or tioe
axis.

Now consider manager choices pf §) combinations on the axis but not on the
mean/variance frontier. There are four possible cases:

1. If [ is greater than zero ar@ is a closed interval, then dyemma 2, the
manager willchoose avalue of u closer tot thanzero. Thischoice cannot be on the
O axis.

2. If [ is lessthan or equal to zero ar@d is a closed interval, thethe manager
will set equal to zero. If, however, managers of both types chtbessame meathen,
by Lemma 3,their choice of mean is equal fo. Since thananager, regardless tyfpe,
choosesero ashis mean,ii = 0 and the managerthosenmean isinside of C. By
Lemma 1, the manager will then chodie lowest feasiblevalue ofa. Thischoice is on
the efficient portion of the mean/variance frontier.

3. If pis less than oequal to one-half of the maximum feasible valugiafiven
the manager’s choice ofandC is an open intervdhen, by Lemma 2the managers will
choosethe highest feasible value @f This choice is on the managemsean/variance
frontier.

4. If g is greater than one-half of the maximum feasible valup gfven the
manager’s choice af andC is an open interval, thehe manager will set mean ofzero.
Since managers, regardless of type, choose zero as theirlrapana 3assureghat I =
0 and the managerthosenmean isinside of C. By Lemma 1, thenanager will then
choose the highest feasible valueafonsistent with a mean of zero. This choice is on the

inefficient portion of the manager’s mean/variance frontier.
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As has been shown, moanager choice of ai{ ) combination not lying orheir
mean/variance frontier can be consistent with an equilibrium of the type outlined in section

3.0

Theorem lprovesthat a managanust choose gu( o) combination lying on his
mean/variance frontier if his choice is to be part of an equilibrium stratigyRemaining
combinations of manager strategies can be characterizéurd® properties: (1) iflg
greater than, less than, or equglio (2) isog greater than, less than, equal toog; and
(3) on what portion of the mean/variance frontier are h@) combinations chosen by the
managers. There are ndessthan 81possible combinations of properti@és3. These
combinations are shown in Table I.

Most of theclasses of strategy selisted in Table I cannoform part of an
equilibrium of the type described in section 3. A number of the combinations are ruled out
by assumptionshat we have madeegarding the nature of the managergan/variance
frontiers. For exampleghere can be no equilibrium wwhich both managers choose the
(4, o) combination at their transition poirfishere (q)/(do) = 0], while pg < pg since the
mean/variancefrontiers of good managerstrictly dominatethose of bad managers,
assuring thafig > g at the transition points. Combinations ruled out by assumptans
we have madeegarding the structure of the mean/variafioatiers are denoted by the
symbol “A” in Table I.

We will now prove fouradditional theoremshat eliminate many of the potential
equilibria remaining in Table I. Combinationseliminated by thevarious theorems are
denoted by the letter “T” followed by a number identifying the thedtetwas applied to
disqualify it. The remaining combinations are denoted by lditer “P” for possible

Bayesian-perfect equilibria.
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THEOREM2: There can be no equilibrium in which C is defined by a single value —
y*, and good (badjmanagers choose combinationstbe inefficient (efficient) portion of

their mean/variance frontiers.

PrROOEF If Cis defined by a single valugg will always be outside o€ while pg
is always withinC. By Lemma 1the level of varianceonsistent withug that maximizes
the probability of a realizatiooutside ofC for a goodmanager is thédowest available.
This cannot be on the inefficient portion of the good managers’ mean/vaftianter. By
the same reasoning, thevel of varianceconsistent withug that minimizes the probability
of a realization inside df for a bad manager is the highest available. This cannot be on the

efficient side of a bad manager’'s mean/variance frontier.

THEOREM 3: There can be no equilibrium strategy set in whighk og (0g > 0Op)
and good (bad) managers choose combinatioriseomefficient (efficient) portion ofheir

mean/variance frontiers.

PROOE If og < 0g, thenpg is between y* and/** and is outside ofC. By
Lemma 1, good managers should choose the lovedise for o consistent withug. This
choice cannot be on the inefficient portion of the good managers’ mean/variance frontier.

If og > op, thenpg is between y* and y** and is inside 6. By Lemma 1, bad
managers should choose the highest value tmmsistent withug. This choice cannot be

on the efficient portion of the bad managers’ mean/variance frogtier.
THEOREM4: There can be no equilibrium strategy set in whighk pg.

PROOF If g < g andog < og, recall from section 3 thak is the closednterval
y*, y**] and y* <pg < y**. If pg is greater thary** then, by Lemma 2,the bad
manager would prefer to lower rghoice ofmean. He is, of coursaple to do so since

managers can always choose gnyoj combination within the area bounded the o axis
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and their mean/variance frontiers.uf is less than or equal to y** then, hgmma 4,ug
is betweent andpg. By Lemma 2bad managers should prefer to lowleir choice of
mean at least g from pg.

If ug < Mg andag > op, thenC is the open interval (y*, y**) ang* < pg < y**.
If ug is less than y* then, by LemmatBe bad managevould prefer to lower hishoice
of mean. Ifug is greater than or equal to y* then, by Lemmaug s betweenp andpg.

By Lemma 2, bad managers should prefer to chpgsather tharug. ¢

THEOREMS5: There can be no equilibrium strategy set in which good managers are
on the efficient portion of theimean/variancdrontiers while bad manageme on the

inefficient portion of their mean/variance frontigug, = ug, andog < Opg.

PROOF Sinceog < og, both managers’ mean will be inside 6f By Lemma 1,
bad managers will choose the lowest feasible level of variance given their chomesrof
This choice cannot be on the inefficient portion of their mean/variance frortiers.

Of the 81possible combinations iffable I, 24 of them remain agossible
Bayesian-perfect equilibria. On inspection, these combinatahgto threecategories.
These categories are:

(A) og < o, Ug > Mp, NO managers on the inefficient portion tfeir
mean/variance frontiers.

(B) og > 0, Hg > Mg, nNo bad manager on the efficient portion of his
mean/variance frontier.

(C) 0 < 0B, Ui > U, NO bad (good) managers on the efficient (inefficient) portion
of their mean/variance frontiers.

The equilibrium presented in section 4 is e@mmple of a typ€C) equilibrium.
Recall that, in the example of sectionbbth managers séte same level of variance and
Mg > Mg- The good manager’'s,(o) choice is on the efficient portion of hisean/variance

frontier while the bad manager’s choice is on the inefficient portion of his frontier.



Generating examples of type (A) and ty{@ equilibria, in whichog # op, is
difficult to do algebraically. Using acomputer algorithm, ware able to demonstrate the
existence of equilibrium strategyets ofthesetypes. These examples are presented
graphically in Figures 6a and 6b.

As an example of a type (Agquilibrium, consider a situation in which the

mean/variance frontiers of our managers are defined by

(5.1a) UG = 20G —0¢?)

(51b) UB ZO'B—O'BZ.

The owner setsC = (.114, .483). Given their mean/variancérontiers, the choices of
variance that will minimize the probability of a realization ofngide ofC are to setg =
128 andog = .181. As aesult of thesechoices,ug = .223 and pg = .148. The
probability that a good manager gets rehired is .782 wHlgorobability of a bad manager
getting rehired is .543. The ratio of likelihood functidngfor the distributions chosen by
the managers is equal to one at the poihig and.484, completing theequilibrium. The
equilibriumis, indeed, otype (A) sinceboth managers’y, o) choicesare on the efficient
portion of theirmean/variancdrontiers, the good managerhas chosen a lowdevel of
variance than the bad manager, pad> Ug.

As an example of a typéB) equilibrium, consider asituation in which the
mean/variancdrontiers of our managerare defined by4.1a) and (4.1b). The owner
choose<C = (-1.36, 1.36). Both managearsximize theirprobability of being outside of
C by choosingheir maximum attainable variancesg = 2 andog = 1. Both managers’
mean iszero. The probability that agood manager gets rehired 2196 while the
probability of a bad manager getting rehired is .1THe likelihood ratioL is equal to one
at thepoints—1.36 and 1.36, completing thesquilibrium. The equilibriumis, indeed, of

type (B) since both managersi(o) choices are on the inefficient portion dfeir



mean/variancérontiers, the good managehas chosen a high&vel of variance than the

bad manager, angs; = pg.
6. SOME WELFARE IMPLICATIONS OF THE EQUILIBRIUM CONCEPT

It is possible to demonstratieat, assumindhe owner’s objective is to maximize
expected Y (EY)ver both periods, amcrease in the quality cjood managers has an
ambiguouseffect on theowner’s welfare while an increase ingRthe proportion ofyood

managers in the population) unambiguously enhances the owner’s welfare.

THEOREM 6: An increase in & (the proportion othe manager population that is

good) increases EY over both periods.

PROOF To proveTheorem 6, we must demonstraitet d(EY)/dR; is positive.
Let 15 (T8) equal the probabilityhat agood (bad)managerchosen irthe first periodwill
be retained. Lgigs (Ugp) be the mean level of Y produced by a good (bad) manager in the
second period.Let A = Pg(Ugo) + (1 — RS) (M), the expected return of a manager
chosen at random during the second period. T{teh) isthe equatiorfor EY over both

periods:

(6.1) EY = Rs g + PeTig tHg2 + (1 -Tg) P LA + (1 — Rs) Hg
+(1-Ry) g [hgz + (1 - R) (1 -15) [A.
Recallfrom section 3hat thedistribution of managers has effect on equilibriumwhen

replacement costs equal zero. Henetgy/dPg and dig/dPg are equal to zero. Asrasult,

the derivative of (6.1) with respect tg; ¥

(6.2) d(EY)/dRs = UG + Tig [Hg2 + (1 —Tg) [Po(dA/dRg) + A
—H —Tg Lhg2 + (1 -T) [(1 - Rs) (dA/dRg) — Al



To show that the sign of (6.2) is positithe terms of the equation can be rearranged and
simplified:
d(EY)/dRs = [Ug — Mgl + [(1 —Tg) P L{dA/dRG)]
(6.3) +[(1 ~Tig) (1 - Rg) (dAVdRE)] + (T Cligo)
—TiGA] + [(Tg Lhg2) + TRA].

The first term is positive, since Theorem 4 establishesithat pg. Thesecond and third
terms arepositive,since dA/dR, is equal topgy — Hg2 and gy > Hgo by assumption.
Since A is just a weighted averagepgf, andpgy, Hg2 > A > Hgp. As a resultthe last

two expressions are positive and d(EY }4dP positive

Although d(EY)/dR is always positivethere are circumstances which a risk-
averse ownemay beworse off if the proportion of good managers increases. For
example, consider our example of a typ¢ equilibrium and a risk-aversewvner with the
quadratic utility function U = —(1 —¥) Since the owner’s utility function has eéfect on
first-period manager choices when there are no replacerost#, managersnake variance
choices identical to those in our examplegz= 2 andog = 1. For both types of manager,
meanreturn equalzero. As a resulthe owner’s first-periodexpected utilityfrom good
managers is -5 while it is -&r bad managers. In thisase,the good manager has
identified himself by performing substantiallyorse than the badmanager. Since
managers of either type choose to maximizeotlvaer’s expected utilityduring the second
period, goodmanagers will set approximately to .4 (resulting in an expectedity of
—.16) while bad managers setapproximately t0.33 (resulting in an expectedtility of
—.667). Substituting these values in6.1) in place of thefirst- and second-periothean
returns,and usingthe probabilities of retentiofor both manager types provided by the
type (B) example, we findhat EU = -2 —4.28R; + .8(R;)2. The derivative of this

expression w.r.t. Ris —4.28 + 1.6R, which is negative for any conceivahlalue of R;.



Hence, in this example, an increase in the proportion of good managers tlosv@rser’s

expected utility over both periods.

THEOREM7: An increase in thability of good managers has an ambiguetisct

on EY over both periods.

PROOE In order to prove Theorem 7, we provideexample inwhich an increase
in the ability ofgood managers results @ither an increase or a decrease ind=Z¥r both
periods depending on the distribution of managers in the population.

Considerthe examplepresented in section 4. linat example,the managers’
mean/variance frontiers were definedigs= bog —0g2 andug = og —og2. Assumethat
b = 2. Managers of both types withake the choices outlined above in the example of
section 4. By incorporating int(6.1) the resulting valuesor first- and second-period
meanreturns for both types ahanager as well as their probabilitiessofvival, wefind

that
(6.4) EY =1.53R; + .44.

Now let us assume that there is an increagherability ofgood managers ghatb = 3.
By incorporating the resulting values for first- and second-period returngrababilities

of survival into (6.1), we find that
(6.5) EY =4.17R; + .08.

Comparing (6.4) and (6.5), we see that EY’s relationshthdovalue of ldepends
critically on the value of §. If Pg < .125, then an increase in the ability of gooanagers
from b = 2 to b = 3 lowers EY over both periods. § P .125,then an increase in the

ability of good managers from b = 2 to b = 3 raises EY over both pefods.



The intuition behind Theorem 7 that increases in thability of good managers
force bad managers into taking ever more despgeaatebles. Thiganoffsetall the other
benefits of the increase ability. Whenthe value of b is raisefiom two to three, the
managers’ choice af increases from 3/4 tone. As a resulflg declines from 3/16 to
zero whilepg increases from 15/16 two. The expectedecond-period return for good
managersjigy, increases from one to 2.25 whilg, is unchangedThe probability that a
good manager will be retainddllowing observation of first-period results increases from
.69 to .84while the probability of bad managers retention féaisn .31 to .16. If bad
managers are far more common than good managers, the first-period decig@nimeturn
for them far outweighs the first-period gain in mean return for good managers. g&atte
managers areare, increases in their second-periogtanreturn or in the probabilityhat
good (bad) manageese retained (replaced) hardly matter. Replacing a bad manager is

meaningless if his replacement is almost inevitably just as bad a manager.

7. CONCLUSIONS

We have demonstrated thebnditions may existhat induce relatively capable
managersinfluenced by reputationaloncerns, tdehave in a manner thatvners would
regard as overly cautious while the same conditions camterns inducdess capable
managers to behave in a mantr&t owners wouldregard as overly aggressive. \o&dl
equilibria inwhich such behavior is seemdgame equilibria.Such behavior idikely to
take place in avide variety of real-worldnanagerialsettings andcan easily be induced
when managers unobservably choose investmeniaiginessstrategiesthat, combined
with their level of ability, generate a stochastic streampobfits, whoserealizations are
then used to draw inferences regarding manager ability.

Giventhat theowners’ interest is in the maximization gfrofits, the equilibrium
behavior described in section 3 ¢estly. Bad managers choose a greater-than-profit-

maximizing level of risk, sacrificing mean profits in order to increase the standard deviation
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of profits, while good managers choosel@ver-than-profit-maximizing level ofrisk.
Furthermorethe equilibrium behavior of managensuld not beaffectedif, rather than
profit maximization, owners wereinterested in maximizingsome reasonableitility
function. This isbecause the poiwherethe ratio of likelihoodfunctions equals one
would remain unchanged regardlesghaf owners’ utility function. As long asnanagers
choosethe same valudor o*, the owners’ bestresponse, regardless tieir utility
functions, remains the same.

In this paper, we severely constrairted contract choices thatvnerscould offer
managers.The only type of contracpossiblelasted a single period and involved a fixed
payment. This allowed us to greatly simplihe model’'s presentation and permitted us to
focus onthe incongruity betweerowner andmanagerpreferences. The design of
appropriate contractual mechanisms aimed at mitigating endgamprifgems, asvell as
the influence ouch behavior othe firms’ decisions regardingapital structure remains
for future research.

In consideringhe design ofcontractual mechanisnamed at mitigating endgame
behavior, it should beppreciatedthat, unlike standard contingent contractingodels,
ownersattempting to mitigatéhis type of agencgffect may prefer managers to inere,
rather thanless, risk averse.The reason for this ibvious. Intypical contingent
contracting,the efficacy of the contract is limited by tHegree of manageisk aversion.
Owners, assumed to be risk neutral, always whahmanagers would be less riakerse
and, hence, morwilling to accept ashare of a stochastic streampuobfits. After all, the
greater the degree to which manager compensation is tied to profits, the bedtgnthent
of manager and owner preferences.

In the endgamenodel, howeverpad managers behave taggressively. These
managers may not be so willing to sacrifice mean profits in order to increase the variance of
profits if they are sharing in those profits. The manager’s desire tonmaese income will

induce more cautious behavior while the desire to avisklk will further increase the
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degree of cautioshosen in making decisions regardihg mearand variance oprofits.

This isexactlywhat ownersvant. Hencedepending on the frequency gbod and bad
managers, owners may see manager risk aversion as facilitating, rathleinttenng, the
design of contractual mechanisms which will reduce the incongruity of preferences between

owners and managers.
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FOOTNOTES

Lif both agents choose the same combinations of mean and variance, the equilibrium breaks down.
%For a discussion of Bayesian Nash equilibria, see Gibbons (1992).
*This assumption isequired in order toassurethat the mean/variance frontiers of good agents

strictly dominate bad agents.
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APPENDIX

PROOF OFLEMMA 1: Since Y is normallydistributed, the probability of a

realization of Y between y* and y** is given by

(A.1) Q = ®[(y** — w/a] - P[(y* — wya],

where®is thestandard normal CDF and is a functiontlod z values associated with the

standard normal distribution. The derivativelbiv.r.t. g is

(A.2) 0Q/00 = (@lyx ) (L — y*)/ 0% + (@ly*) (v* — w)/o?,

where@ is the standard normaPDF evaluated at either y* oy**. Since@ ando are
always positive, expression (A.2) nggativewhen y* < u < y**, so the probability of
falling between y* and y** decreases@icreases when & p < y**, If y* < 4 < y**,

0Q/do is negative, and a managgrould choos¢he lowest (highest) feasiblealue of o
should he seek to maximize (minimize) the probability of a realization of Y between y* and
yrE.

Recall from section 3 that, dg < 0, thenC is the open interval (y*, y**). In this
case,managersvhose choice of mean is between ynd y** will choose the highest
possiblevaluefor 0. If og > og, thenC is the closed intervdy*, y**] and managers
whose choice of mean is between y* and witl choosethe lowest possibleraluefor o.

If og = 0g, then botiC and C areopen intervals and manageviosechoice of mean is
inside ofC (C_:) will choose the highest (lowest) possible valueofor

It can easily beshownthat Lemma Temains true ag** approacheso and/or y*

approachesce. Proof of this has been omitted.



PROOF OFLEMMA 2: The derivative o w.r.t. u is

(A.3) 0Q/op = (@l(n — y**)/ a]) (-1/o) + (@ — y**)/ o) (1/o).

This expression is only equal to zergiat (y* + y**)/2, since that is thenly value ofu

for which@ly++ = @j+. The second derivative 6f w.r.t. i is

(A.4) [l T (= y**)/ 03 = [@ly*] (u — y*)/a3,

This expression is negative when evaluatad at(y* + y**)/2, so | is a localoptimum.
Since there is no other poimthere dQ/op = O, it is also a globabptimum, which

establishes the lemma.

PROOF OFLEMMA 3: Recall fromsection 3that, whenog # og, there are
two points, y* and y**, where I(y|ug(og®))/I(ylug(og*)) = 1. Because normal
distributions are symmetric, y* and y** must be equidistant figgn= pg and y* <pg =
Mg < y**. Hence, L = (y* + y**)/2 must equalpg andpg. Lemma 3 isillustrated

graphically in Figure 50

PROOF OFLEMMA 4: Sincep = (y* + y**)/2, d pt/dug will be negative if dy*/gig

and dy**/dug are negative. First, consider dyfgl Recall that in equilibrium
(A.5) I(y*|Hc(0G¥), 0G*) — I(y*|ug(0*), 0g*) = 0.

Taking the total derivative of (5.5) with respect to y* guad

(A.6) [dI(y*|ug)/dy* — d(y*|ug)/dy*] Ay* = [dI(y*|up)/dHg] Alp.

Sincepp > y*, di(y*|pug)/dug is negative. Referring to Figure 5, we #eat while
the slopes of both managers’ probability distribution functiemespositive ay*, the slope
is steeperffor good managers. Hencel(yd|ug)/dy* > di(y*|ug)/dy* and dy*/dug is

negative. Following similar reasonind(yd*| pg)/dug is positive andwhile theslopes of
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both managers’ probability distribution functioae negative af**, the slope is steeper
for good managers. Hencel(yd*| pg)/dy** < dl(y**|ug)/dy** and both terms are
negative. As a result, dy**{g5 is negative. Since both dyfid and dy**/dug are

negative, qit/dug is negative. Henceg is betweerft andpg. Theproof for the case in

whichog > og is similar and will not be showrx



TABLEI

POSSIBLE EQUILIBRIA

nG > B nG =N nG <N
GandB on SG>SB possible possible T4
inefficient SG=SB T2 A A
side Sg<SB T3 T3 T3
G on efficient SG>SB possible possible A
sideand B on SG=SB possible possible A
transition SG<SB possible possible T4
G on inefficient SG>SB T3 T3 T3
sideand B on SG=SB T2 A A
efficient side Sg<SB T3 T3 T3
B on inefficient SG>SB possible A A
sideand G on SG=SB possible A A
transition SG<SB possible A A
B on inefficient SG>SB possible A A
sideand G on SG=SB possible A A
efficient side Sg<SB possible T5 T4
Gand B on SG>SB T3 T3 T3
efficient SG=SB T2 A A
side SG<SB possible possible T4
B on efficient SG>SB T3 A A
sideand G on SG=SB T2 A A
transition SG<SB possible A A
GandB SG>SB possible A A
on SG=SB possible A A
transition SG<SB possible A A
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GRAPH 1: THE FLOW OF EVENTS

Principal chooses agent at random from pool of available agents

J

Principal selects the critical region C, and the
agent chooses mean and variance of Y,
subject to constraint given by agent type
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Principal observes first period realization of Y

l

Principal chooses to replace or retain the current agent

N

Agent chosen for second period chooses mean and variance

of Y, subject to constraint given by agent type
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GRAPH 2: EXAMPLES OF MEAN/VARIANCE FRONTIERS
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GRAPHS 3A AND 3B: DETERMINATION OF y* AND y**
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GRAPH 4: A GRAPHIC EXAMPLE OF EQUILIBRIUM BEHAVIOR
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GRAPH 5: y*, y**, AND THE AGENTS‘ CHOICES OF MEAN

Probability

y* y**

—

Both good and bad agents choose
the same mean. Both y* and y**
are equidistant from this mean.



GRAPH 6A: A TYPE "A" EQUILIBRIUM
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GRAPH 6B: A TYPE "B" EQUILIBRIUM
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