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Abstract

Firms that maintain no formal record of actions and events would hardly be considered
well managed. Yet, corporate rules that require the recording of actions and the " lling
of reports are often labeled \bureaucratic" and inezxcient. This paper argues that the
thin line between ezciency and bureaucracy is crossed when rms introduce a managerial
turnover policy to curb agency problems in a multi-layer hierarchy. Bureaucratic rules to
record actions and events then arise to minimize the costs of managerial turnover. The
model predicts that bureaucracy increases upon managerial turnover and it establishes a
link between bureaucracy, incentive schemes, and the frequency of managerial turnover in
a cross-section of rms.
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Weber (1968, p. 957) argues that \the management of the modern ozce is based upon
written documents (‘the les'), which are preserved in their original or draft form." In his view,
a rm that maintains no formal record of actions and events would hardly be considered well
managed. Yet, recording actions and lling reports cost time and e®ort and organizations that
require their employees to do so are often labeled \bureaucratic™ and inezxcient. This paper
explores the balance between rules that allow for sound management practices and bureaucracy.
We show that this thin line is crossed in order to curb managerial agency problems in a multi-
layer hierarchy. To reduce the manager's rents, a rm will nd it optimal to adopt a turnover
policy. Bureaucratic rules that require the recording of actions at a high level of detail are
then introduced to minimize the costs of managerial turnover.

In our model, rules and procedures that force the recording of corporate events enhance
value because they produce veri able information on employees' actions, allowing for more
e®ective incentive schemes. As an example, consider a loan ozxcer. He can be granted com-
plete discretion in approving loans and be paid solely on the basis of his portfolio's returns.
Nonetheless, since the ex-post performance of a portfolio of loans is only a noisy measure of a
loan oZcer's actions, this compensation scheme imposes a great amount of risk on him. Alter-
natively, the bank can require the loan oZcer to |l out reports on his clients' characteristics
and to document the reasons why loans are granted, generating information on the \sound-
ness™ of the decision making process. As a result, the loan oZcer can be rewarded not only for
the returns of his portfolio but also on the basis of input-based performance measures that are
more tightly linked to his actions: Did he |l the forms properly? Did he meet the guidelines?
This broader compensation scheme imposes a lower risk on the loan ozcer, making it easier
to elicit e®ort.

Filling out reports and documenting reasons for granting loans require time and e®ort,
though. Hence, organizing a system of incentives involves a trade-o® between production
exciency and the bene ts of improving incentives. Bureaucracy arises when this trade-o® is
biased towards the information bene ts, implying corporate rules that require the recording
of actions and events in too much detail. But why should this bias exist? We shall argue that
the bias is an optimal response to managerial agency costs in a multi-layer organization.

Consider a three-layer hierarchy. The rst layer (Board of Directors) chooses the incen-



tive schemes for the second layer (manager) and the third layer (employee). The employee's
contribution to the rm's production consists of unobservable actions, which we henceforth
call \e®ort". In turn, the manager organizes production, a task that includes corporate rules
that ultimately determine the extent to which the employee will document his contribution to
the rm. In making this organizational choice, the manager is aware that rules mandating a
record of actions improve the precision of an input based signal of the employee's performance
at the cost of time and e®ort that could be used to enhance production.

Besides the standard problem of providing incentives for the employee to exert e®ort, we
have an agency problem at the manager's level. As Shleifer and Vishny (1989) point out,
managers may ine=ciently choose projects that rely more heavily on their skills to increase
their bargaining power in a wage renegotiation.! Likewise, they may want to organize the
“rm in a way that makes their continuation at the company's helm important to keep the
employees properly motivated. To understand what type of distortion this agency problem
may imply, suppose that the rm is organized in a way that requires the employee to record
his actions at a very high level of detail. The input based measure of performance will then
be very precise, allowing the employee to feel con dent that his e®ort will be rewarded despite
events, like managerial turnover, that are outside his control. As a rst approximation, thus,
the e®ectiveness of the system of incentives of a bureaucratized rm is independent of the
manager’s identity.

In contrast, a less bureaucratized rm has to rely more strongly on broader measures
of performance (e.g. pro ts) to motivate the employee. This system of incentives is likely
to be disrupted by managerial turnover. For instance, an employee under a pro t sharing
compensation scheme may reduce e®ort if he realizes that pro ts will fall as a result of the
hiring of a less excient new manager. The system of incentives of a less bureaucratized rm,
thus, is more severely disrupted by managerial turnover, making it more prone to be held up
by the manager. In order to maximize her bargaining power vis-g-vis the Board of Directors,
it is then in the manager's interest to bias the rm's organization towards very little record
keeping, that is, an excessive degree of informality.

Whether this bias translates into an excessively informal organization depends upon the

1See Edlin and Stiglitz (1995) and Prendergast (1995) for two other examples of how managers may reduce
“rm's value to extract salary concessions.



manager's own incentive schemes. In fact, we shall show that linking the manager's com-
pensation to the organizational choice assures exciency. Such an incentive scheme allows for
managerial rents, though. If the manager cannot pay for these rents up front (i.e. at the
hiring), then shareholders have incentives to search for alternatives to reduce them. This is
exactly what a performance based turnover policy does. The threat of being red increases the
manager's personal cost of distorting the organization in the direction of excess informality,
decreasing her ability to hold up the Board. Thus, the combination of a compensation scheme
with a managerial turnover policy increases shareholders' value in spite of the fact that, in the
event that the turnover policy triggers the replacement of the incumbent manager, the rm's
value will be reduced by the weakening of the employee’s incentives.

Anticipating the weakening of incentives in a turnover event, the Board of Directors will try
to mitigate its costs. As a result, the trade-o® between production eZciency and generation
of information shifts towards the latter to improve the precision of the input-based measure
of performance. Bureaucratic rules that require the employee to record his actions in detail
then arise to minimize the cost of the turnover policy. Ironically, the best way to address a
manager's bias towards very little record keeping implies the distortion of the organization in
the direction of too many bureaucratic rules.

One of the implications of our model is that the compensation schemes of more bureaucra-
tized rms should rely more strongly on input based measures of performance. For instance,
a more bureaucratic bank would make a loan ozcer's compensation scheme more sensitive
to how well she followed the bank's credit procedures, while the compensation of a less bu-
reaucratic bank would be more sensitive to the pro ts of the ozcer's portfolio. Accordingly,
our paper yields a measure of bureaucracy that is potentially less dizcult to estimate than
the level of bureaucratic constraints, hamely: the extent to which employees' pay depends on
measures of input rather than output.

Our paper builds upon a growing literature that views bureaucracy as a restriction on
employees' behavior meant to reduce the cost of providing them with incentives. The papers
in this literature share a common view on the nal bene ts of bureaucracy, but they di®er on
how these bene ts are achieved. In Holmstrom and Milgrom (1991), bureaucratic rules reduce

the cost of providing incentives because they restrict other activities that the employees would



like to do, and in so doing they reduce their opportunity cost of e®ort. In Tirole (1986 and
1992), rules reduce managers’ discretion, decreasing the scope for collusion and, thus, reducing
the cost of providing incentives.? In Prendergast and Topel (1996), bureaucracy is a rule that
distorts the weight attributed to a manager’s report on her subordinate's performance. This
distortion reduces the scope for favoritism in the organization. Finally, in Milgrom (1988)
and Milgrom and Roberts (1988), bureaucracy precludes employees from in®uencing their
supervisors' decisions, reducing wasteful rent-seeking.

In all these papers, the role of bureaucracy is either to destroy or to commit to ignore rel-
evant information. By contrast, in our model, bureaucratic procedures { like the management
by written documents described by Weber { force employees to generate veri able informa-
tion, which can be used to improve the exciency of incentive schemes. Thus, we focus on the
role of bureaucracy as a mechanism to generate information. Perhaps more importantly, our
model leads to di®erent empirical implications. For example, while Tirole (1986) suggests that
bureaucracy should be negatively correlated with managerial turnover, our model can account
for a positive correlation between the two, as found by Gouldner (1954).

The remainder of the paper is organized as follows. Section | describes the model. Section Il
characterizes the excient organizational choice and obtains a one to one mapping between a
~rm's degree of bureaucratization and the extent to which employees' pay depends on measures
of input rather than output. Section I11 explains why delegating the rm’s organization design
to a self-interested manager generates an agency problem. Section IV shows how a managerial
turnover policy helps solve the agency problem at the manager’s level and how bureaucracy
arises in equilibrium. Section V derives some comparative statics and discusses the empirical

implications. Conclusions follow. Proofs of the propositions can be found in the appendix.

I Framework

We consider a rm with a three-layer hierarchy: an employee whose contribution to production

consists of his unobservable e®ort; a self interested manager who, by organizing production,

2The e®ect of rules on collusion is not unequivocal. If there is asymmetry of information between the manager
and the employee, Felli (1996) shows that rules may actually increase collusion.



determines the extent to which the employee will document his contribution to the rm; and
a Board of Directors that makes sure that the rm is under optimal incentive schemes.

A Cash-°ow, preferences, and organization design

Our main interest in this paper is to investigate a trade-o® between ezxciency in production
and generation of information. In order to characterize this trade-o®, we have to relate the
~rm’s cash-°ow with the employee's incentives to exert e®ort, which are the ultimate reason
for producing information in our model.

In one extreme, the manager can organize production in a way that all of the employee's
e®ort is focused on enhancing production. If so, the rm's output is described by a stochastic
production function, x(a), which depends on the employee's e®ort, a. We assume that x(a) is

normally distributed with mean a and standard deviation % < 1.:
x(a) » N(a; %):

By organizing the rm in this way, the manager generates only one signal of the employee's
e®ort: the output itself. This represents a problem to the Board because, as in the standard
Principal-Agent models, e®ort is unobservable for outsiders and costly for the employee, whose
preferences over e®ort, a, and income, w, are represented by a CARA utility function, with a

coe=cient of absolute risk aversion that is equal to r:

where ¢ : <4 ¥ <, is a convex and twice continuously di®erentiable cost function with
c(0) =0, c'(a) > 0 for a> 0, c'(0) = 0.

In order to elicit e®ort from the employee, her compensation would have to be linked to
the sole signal of e®ort, that is, the noisy output x. Since the employee is risk averse, the
incentive contract has to compensate not only for the disutility of e®ort but also for the risk
that the contract imposes on the employee.

As Holmstrom (1979) demonstrates, the eZciency of the employee's contract can be en-
hanced by including measures of e®ort that are not perfectly correlated with output. Producing

these other measures of performance is costly, though.



To illustrate the cost of producing alternative measures of the employee's performance, we
revisit the loan o=xcer example described in the introduction. In the case of a loan o%cer, an
output based compensation contract pays according to the ex-post performance of his loan
portfolio, which, of course, is only a noisy measure of his work. In addition to the return of his
portfolio of loans, the o=xcer's salary can be made contingent on the soundness of his decision
making process. Let us then call y this input-based measure of the employee's performance,
with

y>»N(a;.):

In order for y to be a valuable performance measure, an appropriate information system
must support the loan ozcer's e®Rorts to document his actions. For instance, credit memos
will have to be properly stored to avoid ex-post manipulations and routine inspections have
to be scheduled to appraise the loan ozcer's decision making process. In short, not only the
loan o=cer will have to spend more time and e®ort recording his actions but the bank's job
assignments will have to be adapted to support the e®ort of producing a useful input-based
measure of performance.

We model the extent to which the rm adapts its line of production and the level of detail
to which the employee will have to report his actions through the standard deviation _ of
the signal y. An organizational structure that neither requires nor supports the employee's
e®ort to document his actions will make y a useless signal of e®ort (, = 1.). In contrast, an
organizational choice that requires and supports the employee's documentation e®orts makes
y an informative signal (low ).

Note, however, that 1ling in reports deviates the employee's e®ort from the truly produc-
tive tasks. In addition, organizing the rm to support the employee's documentation e®orts
is likely to move the rm away from the most excient method of production. Generating
informative performance measures is thus costly. We summarize these costs of decreasing .
(i.e. increasing the informational content of the input-based signal y) by assuming that, for

given _, total output, x(a), is reduced by j(.), where j : (0; 1] ¥ <4 is a decreasing and

convex function with j(1) = i’(1) =0and lim_x0i(.) = 1. Also, we assume that j(:) is
twice continuously di®erentiable.

The rm's output is then a function of the employee's e®ort and the parameter , that
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summarizes the organizational choice and the rules requiring the employee to document his

actions:

X(a;,) =x@) i i(.):

For a given output level, X', the “rm's revenue, %, is determined by the competitive price,

W(x'p) =p X,

where p is a random variable with a distribution function F(p) and a density f(p) that is
strictly positive in the interval [0;B]. Conditioned on the employee's e®ort, the price p, the
output x’, and the signal y are assumed to be mutually independent.

For simplicity, we assume that the manager and the shareholders are risky neutral. Hence,
from the perspective of the shareholders, the optimal organizational choice maximizes the
expected pro ts. The rm's organization is under the manager's control, though. Despite
assuming that the act of organizing the rm does not directly a®ect the manager's utility
function, we shall show that the manager has incentives to distort the organizational choice to
extract salary concessions from the Board. Avoiding the distortion of the organization design,
thus, requires an incentive scheme. Such incentive scheme can consist of a turnover policy that
~res the incumbent manager in case the rm's expected pro t is below some threshold and a
salary, s(.,), that is contingent on the organizational choice, .. We do not allow, however, the
con®icts between the shareholders and the manager to be trivially solved by selling the rm

to the latter. Accordingly, the manager is assumed to be credit constrained.

B Timing

The model has one production period and four dates, which are summarized in Figure 1.
The Board acts in the best interest of shareholders, choosing at date t = 0 the compensa-
tion schemes for the employee and the manager that maximize expected pro ts. If it is in the
interest of shareholders, a managerial turnover policy can also be adopted at that time. Con-
tracts can be written on three variables: the total output, X', the input-based signal y of the
employee's e®ort, and the organizational choice _, which adapts the rm's line of production

to support rules that require the employee to document his contribution to the rm's output.



Figure 1. Timing of events

0 1 2 3

6 6 6 6
Board imposes Manager organizes Output price realizes/ E®ort/cash-°ow
incentive schemes production Renegotiation/turnover  Contracts settled

Changing a rm's line of production is likely to require time. Since our framework has
only one production period, we model the time lag for changing the line of production by
assuming that the manager irreversibly chooses the organization design at date t = 1. For
all practical purposes, thus, the extent to which the employee will record his actions is also
sunk at this date. In contrast, the incentive contracts can be renegotiated at date t = 2 after
the manager's fate at the company's helm has been determined by her organizational choice,
the realization of the output price, and the rm's turnover policy. Finally, the total output,
X', and the input-based measure of performance, y, realize at date t = 3 after the employee's

e®ort is exerted.

Il The E=xcient Organization Design and Bureaucracy

This section derives the ezxcient organization design as the solution of a trade-o® between
the costs and bene ts of improving the precision of the input-based measure of performance y.
We solve this trade-o® backwards. For any given organizational choice , and price level p, we
~ nd the optimal incentive scheme that can be imposed on the employee. This contract induces
a value function, which is maximized by the ezxcient organizational design. We will then say
that a rm is bureaucratized if the precision of the input-based measure of performance is

higher than the level that is consistent with the e=cient organizational choice.



A The employee’s contract

In order to simplify the analysis, we assume that wages are paid in units of the rm’s out-
put. As a result, the output price will not a®ect the employee's optimal contract, which, as
characterized below, will be contingent on the rm's output and the input-based measure of

performance,

pmax PE[X i i(.) i wlx i i()iy)iar. 4]

s.t. (IR) E[jei"Wic@):5: -y] 1
(IC) a2 argmaxas<, E[jei ™ic@):a: -y

The objective function is the rm's expected pro t gross of the manager's wage. In solving
for the employee's optimal contract, we can ignore the manager’s salary because all of her
actions will be sunk at the time that e®ort has to be elicited. Thus, any distortion that
the manager's salary may impose on the employee's e®ort would be renegotiated away at the
proper time. The participation constraint (IR) assures that the contract satis es the employee's
reservation value, which is assumed to be -1, while the incentive compatibility constraint (IC)
provides the correct incentives for the employee to exert e®ort.

Given the employee's preferences and the joint distribution of (X;y), we can restrict at-
tention to linear contracts.> The optimal incentive scheme, thus, is characterized by the

coezxcients f®; 1; g of the following compensation contract
widy) = @ + X + Ty

Thanks to the linearity of the contract, we can replace the incentive compatibility constraint
(IC) by the rst order condition of the employee's e®ort decision. Furthermore, the partic-
ipation constraint (IR) will be binding (because the objective function decreases with the
manager’s wage), allowing us to substitute it into the objective function. We can thus rewrite

the program as

3See Holmstrom and Milgrom (1987).



r—o.2
max a i c(a e+ 1
o ic@i L 2A000) @

st. (@) ="1+ 2

The st order conditions (which are also suzcient) of program (1) imply the standard
under provision of e®ort: the optimal contract sacri ces some e®ort to reduce the dollar amount
that should be paid to the employee as a compensation for the risk imposed by the incentive

contract. The optimal weights of the linear contract satisfy:

2(,1 W) _ Y.
=% (j) ; (2

The comparative statics of the optimal contract are quite intuitive. An increase in the
volatility of output, %, reduces the precision of the output-based measure of performance.
Therefore, the optimal contract decreases the weight of output, 1, in the employee's com-
pensation. The e®ect on the weight of the input-based measure, », is ambiguous, though.
Increasing the volatility of output imposes more risk on the employee. To facilitate risk shar-
ing, the optimal contract induces a lower level of e®ort which, in turn, reduces the urge for
a high power incentive scheme. Thus, an increase in the volatility of output may result in a
lower weight on the input-based performance measure y. Still, equation (2) implies that the
weight of the input-based performance measure increases relatively to the noisier output-based
measure of performance, that is, —%% unambiguously increases. Analogous results follow for
an increase in the volatility . of the input-based measure of performance: the optimal e®ort

(%)

and the weight on the input-based performance measure () fall, () decreases, while the

e®ect on ] is ambiguous.

B Organization design and bureaucracy
Given an organizational choice , and the volatility % of the rm’s output, let the rm's expected

pro t (gross of the manager's salary) be E[p]fV (,;%) i i(.)g, where

V(%) T Elxiw’al /]'farn?égai[c(a)+§C B+T5] st d@="1+"2 (3)

15
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The subscript _ in w? and a’ reminds us that the optimal employee's contract depends on

the organizational design, whose excient choice solves

.3 - -
,E?S’i]E[p]ﬂ/(“/“) i i(.)g

We assume a unique interior optimum, _¢fT, which must satisfy*

oV (.°T %) _
=

iO( eff):

We thus say that the rm is bureaucratized if the organizational design requires the em-
ployee to document his actions at a level of detail that allows the volatility of the input-based
measure of performance to be lower than the excient level, that is, _ < _¢fT. In contrast,
the manager will run an excessively informal rm if the organizational choice implies that
. > _¢fT_n this case, the existing rules dictate the recording of actions and the ~lling of
reports at a lower level of detail than exciency would require.

From equation (2), the weights of the output and input-based measures of the employee's
performance in an exciently organized rm must satisfy

3G %

i) = ( eff)2:

5

It then follows that, by choosing an excessively informal organization structure (i.e. , >

.67, the employee's compensation will be biased towards the output-based measure of per-

formance (;%% = (%)2 < (’Z;f 2). In contrast, a bureaucratized organization structure
(. < .°™™) biases the employee's compensation towards the input-based measure of perfor-
mance (;%% = (iﬁ)2 > (TZ‘f?)z). Conditioned on the volatility of output %, there is a one-to-one
correspondence between the rm's degree of bureaucratization and the relative slopes of the
employee's incentive scheme. The more bureaucratized a rm is, the larger the importance of
input-based measures of performance in the employee’'s compensation.

Is it in the manager's interest to deviate from the excient organization choice? Incentives

to distort would surely exist if the manager had any taste for a more or less bureaucratized

“This assumption holds, for example, if c(a) =a” and j(,) = a5
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~rm. It is hard to imagine, however, that, any such preference would survive the weakest of
the incentive schemes. Nonetheless, we show in the next section that there may exist con®icts
of interest in the organizational choice despite our assumption that the level of bureaucracy

does not directly a®ect the manager's utility function.

11l Con-icts of Interest in the Level of Bureaucracy

A The manager's quitting threat

Despite the existence of a competitive managerial labor market, once in control, a manager
has many ways to acquire some power Vvis-g-vis the Board and use it to extract rents in a
wage renegotiation.® In order to focus our attention on the costs and bene ts of producing
information, we model the source of this power by assuming that the volatility of the rm's
output increases with the manager's departure. With a noisier measure of performance, the
employee's incentive scheme becomes less e®ective, leading to a drop in pro tability. By
threatening to impose this loss on the rm, a manager can negotiate a higher wage.

Our loan ozxcer example may help illustrate the interaction between managerial turnover
and volatility of output. One of the roles of a loan o=cer is to detect early credit problems and
take appropriate remedial actions (e.g. making sure that any collateral is properly maintained
by the rm and that it can be seized in case of default). Deciding whether to act on a signal
of credit problems is often a subjective call, though. On the one hand, an early action may
reduce the bank's loss in case the rm actually becomes nancially distressed. On the other
hand, it may jeopardize a pro table business relationship. Accordingly, one would expect that
loan o=cers share remedial management decisions with their supervisors, who, in turn, have
to rely on the loan o=cer's information and beliefs to make the decision.

Conceivably, a conservative loan o=cer is likely to draw a less rosy picture of the client's
“nancial situation than a more marketing oriented ozxcer. Thus, supervisors should take
into account their subordinates’ characteristics when deciding whether to take early remedial

actions. Clearly, a new supervisor who has not had enough time to know the loan ozcer

SShleifer and Vishny (1989), for instance, suggest that an appropriate selection of which projects to undertake
would make the manager more indispensable to the “rm's operations.
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will be at disadvantage on this regard. Managerial turnover, thus, should imply a reduction
in the expected return of the ozcer's portfolio and an increase in the volatility of returns.
For simplicity, we ignore the mean e®ect and concentrate on the increased variance.® Output

under a replacement manager is then equal to

xR@ i i(.)»N@ii(.)%);

with % > %,
In the event of managerial turnover, the employee's optimal contract responds to the higher
volatility of output by eliciting a lower level of e®ort. This reduction of e®ort moves the rm

away from the ~rst best, reducing its value by’

ERIFVG %) i i(OITi VGiRg i i(O)Ig=EPRIFV(,;%) i V(.;%)g >0

The loss in value associated with managerial turnover gives some bargaining power to the
incumbent manager via-p-vis the Board. As in Shleifer and Vishny (1989), the manager can
threaten to quit in order to obtain a salary raise.

We assume that any salary renegotiation will be ezxciently resolved, with the manager
staying in the “rm and capturing a fraction A 2 (0;1] of the loss that her departure would

have imposed on the rm's value. Accordingly, for any given organizational choice _, the

5

manager will renegotiate her contract whenever her expected salary is below
AE[PIfV (L;%) i V (L: #)g:

B Organization design and managerial rent

So far, we have just pointed out that, left unchecked, the manager's quitting threat assures
her some rents. Do the rents a®ect the manager's choice of the organization design? We now

show that, under a mild assumption, the manager can enhance the quitting threat by running

5This assumptions is consistent with Watts, Warner, and Wruck's (1988), who ~nd an increase in the
volatility of stock returns around a managerial turnover event but no abnormal stock returns.

“To show that an increase in the volatility of output reduces value, use the envelope theorem to di®erentiate
V (.;%), equation (3), with respect to % and obtain £-&7 = r(77)?% <.
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an excessively informal ~rm

For any bargaining power A > 0, the manager's gain in a salary renegotiation increases
with the loss that managerial turnover causes to the rm's value. Hence, the manager has
incentives to run an informal rm if bureaucracy reduces the esciency loss associated with
her departure. Using the envelope theorem to di®erentiate the rm's value (see equation (3)),

one can check that this condition is satis ed if

@2V (.:%)
0. 0%

@ 1(51 )

E[p] d%d, = j2E[p]r¥% 1(,; %) ——==—d%d, <O:

The above inequality holds if and only if w > 0. Intuitively, a more informal or-
ganizational choice (higher _) increases the loss that the manager's departure imposes on
shareholders if it makes the employee’s contract rely more heavily on the output-based mea-

sure of performance which will capture the increase in the volatily associated with managerial

turnover. Since & /“)d3/d = é’(’ M d_d¥%, it follows that
- - . @_1(5;3/4) _ - - . @_2(5;3/4)
|2r3/4 1(513/4)T = |2r> 2(513/4)W

and so & 1@(> ) > 0 if and only if & 2(> %) >0,

We have argued in section | that the signs of @_1(> ") and 2 2(> ) are ambiguous. Nonethe-
less, Assumption 1 below provides a suzcient condltlon, WhICh is satis ed by the quadratic
cost function, for the weight of the input-based measure of performance, »(.;%), to increase

L 2(>' ) s ambiguous because an increase in volatility enhances the risk borne

with %. Roughly,
by the employee, WhICh makes the optimal incentive scheme to reduce the amount of e®ort to
be elicited. Less powerful incentive schemes then result, implying that (. ;%) may decrease
despite the higher relative precision of the input-based measure of performance. Assumption 1
imposes a lower bound on the decline of the employee's e®ort when volatility increases. This
lower bound assures that the decrease in —; due to the decrease in e®ort does not fully o®-
set the increase that results from the relative improvement of y as a signal of the employee’s

e®ort.8

8The condition is su=cient but not necessary. Although an exponential cost function, c(a) = e, does not
satisfy the su=cient condition, it is still true that —5 increases with %.
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Assumption 1 For any e®ort a, the employee's cost of exerting e®ort satis es a—cc% =k2<.

Moreover, for any (_;%), the elasticity of a’ with respect to % satis es i@%gﬁ‘; < %

We thus have,

Proposition 1 Under Assumption 1, the manager has incentives to run an excessively infor-

mal organization. If 7 is the manager's unconstrained organizational choice then,
LT < T 2argmax 50,1 AEPIFV (%) 1 V(L B)g:

In order to prevent the manager from distorting the organizational design, the Board must
give her an incentive contract. A salary s(,) that is contingent on the organizational choice
appears as a natural candidate for an optimal incentive scheme. In particular, one might think
that, under a competitive managerial labor market, a forced contract that pays the manager
her reservation value if and only if she chooses the excient organizational structure should
obtain the st best.

Note, however, that, if we realistically assume that a contract that penalizes an employee
for quitting is not enforceable, then the manager can choose the excient organization structure
and still threaten to quit. Therefore, a contract that elicits the e=cient choice _¢fT must give

the manager a rent that is at least equal to
AE[PIFV (L5539 i V(.M %)g:

Can the manager assure herself more than this lower bound? If managers bene t from
limited liability in their employment relationships, the most that Boards can do if a contracted
organization design is not implemented is to cut the managers’ salaries. By threatening to quit,
our manager is already accepting this cut, though. Therefore, a compensation contract that is
contingent on the organizational choice will not necessarily stop the manager from distorting
the rm's organization to maximize her expected gains in a salary renegotiation. In order to
elicit the eZcient organizational choice, the Board must o®er the manager a compensation

contract, s(.), such that

EpIs(.*™) . AE[pIFV (%) i V(5 8)g;
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where 7 is the manager's unconstrained organizational choice as de ned in Proposition 1.

It then follows that a contract that assures the excient organizational choice leaves the
manager's rents untouched. If the latter is unable to pay up front for the value of the future
rents, then it is in the shareholders’ interest to search for additional mechanisms to reduce
them. The next section shows how a managerial turnover policy accomplishes this task and

how it a®ects the Board's preferred organizational structure.
IV Bureaucracy and Turnover Policy

A Firing policy and managerial rents

Consider a turnover policy where the incumbent manager is red whenever expected pro ts
before the manager's compensation fall below some cut-o® level T, thatis, p[V (.;%) i i(.)] -
T (we shall discuss later how this policy can be enforced). Given the organizational choice and
the turnover policy, we can de ne a cut-o® for the output price, p(,;T), such that the board

- res the manager in all the states where the price falls in the interval [0; p(,;T)):

T

P =M CR 0™

4

By replacing the manager when the output price is below the cut-o® p(,;T), the Board
increases the volatility of the rm's output, reducing the precision of the employee's output-
based measure of performance. The optimal employee's contract, thus, should be contingent
on the fate of the incumbent management, solving the following maximization program

aiTwai((:)pE[X i 1G) i wi (rai ;. %] ©))
st E[jel™Wiic@) g ;o -9 | 51
a2 argmaxap<,E[jel Wi ic@)a; -y
where i 2 fC; Rg, with i = R in case the manager is replaced and i = C otherwise; ¥r = %,
and ¥ic = %.
The above program is identical to the one solved in section Il, provided that one replaces

the volatility of output % by % in case of turnover. As we have already argued, this increase

16



in volatility reduces the e®ort that the optimal contract will want to elicit, moving the rm's
value away from the rst best. Moreover, equation (2) implies that the higher volatility of
output increases the relative importance of the input-based measure of performance in the

optimal contract. We thus have

Proposition 2 Following managerial turnover, i) the employee's optimal contract increases

the relative importance of the input-based measure of performance

() _ %
c

- =0r==xG ©)

ii) employee's e®ort and rm's value decrease:
ar_ <ac_ and V(,;#%)<V(,%):

If managerial turnover decreases value, why should the Board of Directors adopt a turnover
policy? A turnover policy that res the incumbent when expected pro ts fall below a certain
threshold makes the manager's decision to leave irrelevant in the low pro tability states. The

amount of rents that the manager can extract from the quitting threat is then reduced to

z

LM z
Af[ pdF (p)V (. %)+
0

oy PIF@V (53] i BV (5 #)g < AE[PIFV (L:%) i V (L: %)g:

Hence, the optimal turnover policy trades o® a weakening of incentives when the manager
is red with the gains from reducing the manager's bargaining power. Of course, this trade-
0® depends on the organizational choice, which the Board indirectly determines through the
manager’'s compensation scheme. Our next task, thus, is obtain the turnover policy and the

manager's compensation scheme that jointly maximize shareholders' value.

B Optimal turnover policy and bureaucracy

The Board's problem at date 0 is to choose an organization design _?, a compensation scheme

that pays the manager s(.?) if .? is implemented and zero otherwise, and the maximum level
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of expect pro ts T? that triggers managerial turnover that solve®

Z p(.iT) z
max PV ;%) i i(.) i s(.)gdF(p) + pfvV (L;%) i i1(.) i s(.)gdF (p)
$(.).9 0 1)
subject to  E[p]s(.) . W(T) @)
C Zpem Zg
W(T) = gggl_ﬁlAf[ . pdF (P)V (.; %) + - pdF )V (.;%)] i E[PIV(.;%)g (8)
p(.;T) ~ minf T ©)

V(%) i i(,);ﬁg:

The objective function is the rm's expected pro tat date t = 0. For any output price p <
p(.;T), the manager is replaced and the standard deviation of the output increases to % > %.
As characterized by Program (5), the employee's contract will be (Wg_(:);ar_), implying that
the rm's expected pro tis pfV (,;%) i i(.) i s(.)g, where it is taken into account that the
initial manager will be paid according to the terms of the compensation contract regardless
of her departure. For p _ p(,;T), the incumbent manager stays in power and the standard
deviation of the output remains at %. The employee’s contract will be (wc_(:);ac_) and the
expected pro tis pfV (,;%) i i(.) i s(.)g. Constraint (7) is the manager's participation
constraint, whose reservation value is characterized in equation (8) by her outside option of
renegotiating the initial contract after distorting the organizational design. Finally, the last
constraint de nes the cut-o® price p(,;T) from the choices of the organizational design, _,
and the maximum expected pro t, T, that triggers managerial turnover.

Since the manager's compensation decreases the expected pro ts, the participation con-
straint (7) will be binding at the optimum and we can replace it in the objective function. We

can then rewrite the program as

Z o1 z

; B
X i PV (,;%) i i(.)gdF(p) + pfV (,;%) i i(L)gdF(p) i W(T) (10)
.:8(.)9 0 p(.;T)

z

. Z

; p(.:T)

subjectto W(T) = gggxllAf[ pdF(p)V (,; %)+
.2(0; 0

p
- pdF (P)V (.;%)] 1 EPIV (L; %)g

s

°In the objective function below, a new manager has no salary. This is consistent with the fact that the
newcomer has no bargaining power because the threat of quitting is empty after the replacement of the initial
manager has disrupted the ~rm's system of incentives. The new manager can then be put at her reservation
value which, for simplicity, we assume to be zero.
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T . .
V(%) i i(,)’ﬁg'

It turns out that the solution of Program 10 implies bureaucracy, that is ,? < _¢ff, if man-

p(.;T) ~ minf

agerial turnover happens with positive probability. The intuition is simple. Since managerial
turnover weakens the employee's incentives, shareholders nd it pro table to spend resources
to reduce this cost. The possibility of managerial turnover, thus, distorts the organization
of production to obtain more information on the employee's performance. Bureaucratic rules
that require the employee to document his actions at a high level of detail arise and the input-
based measure of performance will carry a stronger weight on the employee's compensation.

Proposition 3 below formalizes this intuition.

Proposition 3 If managerial turnover happens with positive probability, then the rm will be

bureaucratized, that is, if T > 0, then _? < _°fT,

We now argue that managerial turnover will happen with positive probability if the man-
ager's bargaining power is not too small. In other words, managerial turnover with bureaucracy
will be an equilibrium outcome if the two-tier agency problem is severe enough.

Assume st that the manager has no bargaining power, say because the Board can commit
not to renegotiate the manager’s salary. In this case, there are no managerial rents to reduce
and a standard compensation scheme su=ces to elicit the excient organization design. The
shareholders' optimal choices when the manager has no bargaining power, that is A = 0, are
then T?=0and ,? = T,

Suppose instead that the manager has all the bargaining power, that is, A = 1. The
manager then captures all the exciency gains of avoiding a turnover in a salary renegotiation.
Aware of the outcome of a salary renegotiation, the Board will be very aggressive in the
choice of the turnover policy. The proof of Proposition 4 shows that ring the manager with
probability 1 is then optimal for shareholders, implying that the rm will be bureaucratized
(2 < o).

We have two polar cases. While the Board should not adopt a turnover policy when A =0,
“ring the incumbent with probability 1 is optimal when A = 1. Standard continuity arguments
thus imply that, for some level A 2 (0;1) of the manager's bargaining power, a managerial

turnover policy will be adopted if and only if A _ A. For levels of bargaining power above this
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cut-o®, the double-tier agency problem is important enough to justify the introduction of a
turnover policy. In order to minimize the costs of a turnover, the rm's organization will be
distorted, giving rise to bureaucratic rules that force the employee to record her actions at a
high level of detail.1° In contrast, if the bargaining power is below this cut-o®, then managerial
rents do not justify imposing a turnover policy and the rm will be exciently organized as if

there were no agency problems at the manager's level. We thus have,

Proposition 4 There is a level A 2 (0;1) of the manager's bargaining power such that the

“rm will be bureaucratized if and only if A _ A. For A < A, the turnover policy will not be
eff

5

adopted and the ~rm will be exciently organized, that is, .? =

In case it is optimal to introduce a turnover policy at date t = 0, the Board faces a
non-trivial implementation problem. Although it appears that managerial turnover after bad
performance is an standard practice (see Kaplan (1994)), ring the management is not ex-
post e=cient in our model. After the manager chooses the organizational design, it is in the
shareholders' interest to avoid managerial turnover to increase the exciency of the employee's
incentive scheme. The problem is that, anticipating the renegotiation, the manager would
not be constrained by the turnover policy at the time she organizes the rm. As a result,
the Board would not be able to use the threat of managerial turnover to curb rents. The
next subsection shows, however, that the rm’s capital structure provides a mechanism for the

Board to commit to the turnover policy.

C Implementing the Optimal Mechanism

One can nd many reasons why a performance based turnover policy could be enforced ex post.
For one, it could be in the interest of the Board (although not necessarily of the shareholders)
to re the manager in case of bad performance in order to blame responsibility on the latter,

saving the Board's reputation vis-g-vis the shareholders.!! To formalize this idea, though, we

100f course, our model is not the ~rst one to point out that shareholders may distort their “rm's organization
to reduce employees' rents. Stole and Zwiebel (1996), for instance, show that hiring an excessive humber of
employees reduces the bargaining power of workers who try to capture a fraction of the " rm's rents.

11 Alternatively, shareholders might introduce some ine=ciency in the Board's decisions by choosing board
members with con©icting interests (see Hermalin and Weisbach, 1998).
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would have to model a potential con®ict of interests between board members and shareholders,
a valuable endeavor, but one outside the scope of this paper.

The existence of risky debt gives an explanation of how the Board may be able to commit
to the turnover policy that is more attuned with our model. As in Dewatripont and Tirole
(1994) and Berkovitch and Israel (1996), we show that the rm's capital structure can be used
to make the turnover policy ex-post optimal for the shareholders. In the presence of a xed
claim liability, inexciently replacing the incumbent manager in low pro tability states will be
ex-post optimal for shareholders because the replacement cost will be shared with the debt
holders, while the upside gains will be mostly captured by the shareholders. Anticipating this
opportunistic behavior, debt holders will require a higher interest rate to compensate for the
cost that they will bear in the low pro tability states. Shareholders, however, will gladly pay
the higher interest because the distortion that the interest rate will be pricing is more than

o®set by the reduced managerial rent. We thus have,?

Proposition 5 Let T? be the ex-ante optimal cut-o® for managerial turnover in terms of

?

expected pro ts and p(_;T?) ~ W

terms of the output price. Then, for any organization design ., that the manager may choose,

be the associated cut-o® for managerial turnover in

there exists a debt level D(_;T?) that makes it ex-post optimal for shareholders to ~“re the

manager if and only if p<p(,;T?).

To be sure, one could argue that, ex-post, the board and the debt holders have incentives
to renegotiate the inexcient ring. The board, however, can make it more dizcult for such
renegotiation to succeed by having dispersed debt in their capital structure. As Bolton and
Scharfstein (1996) point out, negotiating with dispersed debt holders is costly, allowing for the
possibility of inexcient bargaining. As a result, the optimal mechanism can be implemented
by issuing risky debt to dispersed debt holders and setting a policy of ring the incumbent

whenever cash-°ow is expected to fall below the optimal cut-o® of expected pro™ ts.!2

2proposition 5 implies that the “rm's debt level must be contingent on the manager's organizational choice
(.). Isagawa (1999) provides a mechanism that implements this mapping. Issue convertible debt with a strike
price schedule that assures that debt holders will convert when the choice of _ requires a lower debt level than
the initial one. Likewise, selling put options at a properly chosen strike price may assure an increase in leverage
if some choice of _ so requires.

12Risky debt also allows shareholders to increase their bargaining power in a salary renegotiation with em-
ployees (e.g., Perotti and Spier (1993)). Introducing risky debt to the renegotiation game, however, would not
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V Implications and Discussion

A An Empirical Measure of Bureaucracy

One of the contributions of our framework is to identify an empirical proxy for a company's
degree of bureaucratization. While it is hard to measure a rm's level of bureaucratic con-
straints, it should be less dixcult to measure the outcome of a bureaucratic system: the extent
to which employees’ pay depends on measures of input rather than output.

Conditioned on the volatility of output, the employee’s optimal contract establishes a one-
to-one correspondence between the organizational choice , and the relative weights of the input
and output measures of performance. If rm A is more bureaucratized than rm B, that is,
A < B < e then the optimal employee's contract of “rm A will have a larger weight on
the input-based measure of performance than the weight of rm B. Thus, we can measure
a rm's level of bureaucracy by looking at its compensation schemes. For instance, a more
bureaucratic bank would make a loan oZcer's compensation scheme more sensitive to how well
she followed the bank's credit procedures, while the compensation of a less bureaucratic bank
would be more sensitive to the pro ts of the ozcer's portfolio.

If we measure bureaucracy by the relative importance of the employee's input-based mea-
sure of performance, :—i then our model predicts that bureaucracy increases in case the man-

ager is replaced. Indeed, Proposition 2 implies that, for any _,

) _ oy B, B
<) - ===

This prediction is not shared by other theories of bureaucracy. For instance, Tirole (1986)
points out that managerial turnover decreases the probability of collusion between the manager
and the employees. Since the risk of collusion is the driving force in his model, we should expect
a rm to become less bureaucratized after managerial turnover.

We could not nd any study in economics investigating how bureaucracy changes when
management is replaced. In the sociological literature, however, Gouldner (1954) documents

an increased reliance on formal rules following managerial turnover. In the language of our

change the main results of our paper. In fact, as we show in the proof of Proposition 5, risky debt provides
ex-post incentives to managerial turnover, implying a bias towards bureaucratization.
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model, this corresponds to an increased importance of input-based performance measures in the
~rm’'s compensation. Similarly, Grusky (1960) talks of an \organizational anomie" following
managerial turnover. In our model, this corresponds to the weakening of the incentives leading

to a decrease in the rm's value.

B Comparative Statics

Our model links the degree of bureaucratization and the frequency of managerial turnover
to the manager's bargaining power, A, and the relative increase in the volatility of output
upon managerial turnover, %. Note, however, that any regression that tries to test these
comparative statics will have to control for the rm's value (everything else being equal,
managerial compensation in bigger rms should have a lower sensitivity to output). If the
~rm's value is inserted in the regression, though, the coe=cients of the manager's bargaining
power and the volatility of output will re®ect only their \substitution e®ects" with the \income
e®ects" being subsumed in the coezcient of the rm’s value.

To isolate the substitution e®ects in the comparative statics, we add a \compensating
income" that keeps the rm's average value unchanged after a change in an exogenous variable.
For instance, for an increase in %, the compensating income will assure that %3:;%) =0.

It then follows that the ~ring threat becomes stronger (i.e. T~ increases) if we increase A or
% while keeping the rm's value constant. In both cases, the cost to shareholders of a manager's
out of equilibrium distortion of _ increases. A higher A implies that the manager captures a
larger share of the gains of not letting the manager to quit. Likewise, a higher % implies that the
cost of managerial turnover increases, allowing the manager to capture a bigger surplus when
she renegotiates her salary. Not surprisingly, the higher cost of a distorted organization makes
the optimal mechanism to use the “ring policy more aggressively. Therefore, T’ increases
whenever A or % increases.

The e®ects of a larger A or a larger % on the optimal organizational design are ambiguous.
On the one hand, the larger threshold T? that triggers managerial turnover induces the optimal
mechanism to increase bureaucracy in order to reduce the ezxciency loss in the turnover states.
On the other hand, the larger T? makes it more important to enhance e=ciency if one wants to

avoid the costly turnover. This latter e®ect pushes the mechanism towards less bureaucracy.
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As Proposition 6 below shows, increasing bureaucracy to reduce the eZciency loss in the
turnover states is the dominant e®ect if the distortion that bureaucracy causes in the rm's
production is small to begin with. In contrast, reducing bureaucracy to increase eZciency
in the non-turnover states is the dominant e®ect if the distortion that bureaucracy causes is

large. We thus have

Proposition 6 Keeping the rm's average value constant, an increase in the volatility of out-
put upon managerial turnover, %, or a higher bargaining power, A, increase the cut-o® of
expected pro ts, T?, that triggers managerial turnover. The e®ect on the optimal organiza-
tional choice is ambiguous. If the output price is distributed uniformly in the interval [0; 1]
and V (_;%) i i(.) is quasi-concave with a unique maximizer, then bureaucracy increases (de-

creases) if the inezxciency that bureaucracy causes was low (high) to begin with.

Proposition 6 tells us that if we were to run a cross-sectional regression of the frequency of
managerial turnover on some proxies of the manager's bargaining power, we should obtain a
positive coexcient after controlling for rm's value. Proposition 6 also tells us that a positive
correlation between the frequency of managerial turnover and bureaucracy should obtain in a
sample of rms that are not too bureaucratized. We thus have a second test to di®erentiate
our model from theories of bureaucracy based on collusion or favoritism. While these theo-
ries predict a negative cross-sectional correlation between bureaucracy and the frequency of

managerial turnover, our model can also account for a positive correlation.

C Committing not to renegotiate salaries

In our model, bureaucracy arises to minimize the costs of a turnover policy that aims to
reduce managerial rents. One could argue, though, that the Board could solve the rent extrac-
tion problem much more exciently by committing not to renegotiate the manager's incentive
scheme. Free from the rent extraction problem, the Board could assure the eZcient organi-
zational design by making the manager's salary contingent on the organizational choice. An
important question, thus, is whether rms can easily commit not to renegotiate the manager's
salary.

As Stole and Zwiebel (1996) point out, labor contracts are nonbinding in nature and im-

portant employees have the ability to bargain directly with the Board. Moreover, a manager's
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ability to extract rents is not limited to her monetary compensation. By using the quitting
threat, a manager may extract more perks or other indirect bene ts from the corporation.
Since it is dizcult to imagine that a Board could commit along all these dimensions, a mecha-
nism that commits the company to a speci ¢ wage schedule may not eliminate the manager's
incentives to distort the organization. If so, a turnover policy might still be useful and bu-

reaucracy would then arise.'*

D The role of the turnover policy

To be sure, reducing a manager's bargaining power is not the only reason for introducing
a turnover policy. An alternative explanation is that managers have no bargaining power
and that managerial turnover is the outcome of a negative updating about the incumbent
manager's skills. As it turns out, managerial agency costs imply bureaucracy in this case as
well.

Suppose that managers have no bargaining power but there is uncertainty about their
skills. In this case, the Board of Directors will have to infer the manager's quality from her
actions in the rm and/or the company's performance in order to decide whether to replace the
incumbent. Regardless of managerial agency problems, thus, uncertainty about the manager's
skills implies a turnover policy. To minimize the disruption of incentives in the event of a
turnover, the rm will improve the precision of input-based measures of performance. As
we have already argued, a set of rules will then be imposed on the employees, requiring
the recording of actions and events. The extent of these rules, of course, depends on the
importance of improving incentives, which, in turn, depends on the expected frequency of
managerial turnover. As we argue below, bureaucracy arises because managerial agency costs
imply a more aggressive turnover policy.

If Boards of Directors could trust managers to act on behalf of shareholders, one would
expect a much smoother hiring process, where candidates for a manager's position would
volunteer not only their strengths but also information that indicate their un tness to the

job. As Shleifer and Vishny (1989) point out, however, managers are likely to ght for their

1 An anecdotal case may help illustrate the pressure to renegotiate. Stewart (1991) reports that, after the
debacle of Michael Milken, Drexel guaranteed its main traders the same level of their previous year bonuses
(regardless of their performance) in order to avoid their departure.
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jobs. Candidates to a manager’s position, thus, will not reveal all of their characteristics in
their job interviews, making it more diZcult for the Board to select the best person. As a
result, managerial agency costs reduce the Board's con dence in the ability of the manager
that they selected, increasing their willingness to trigger managerial turnover in case, say, the
~rm experiences low earnings. In response to the more aggressive turnover policy, bureaucratic
rules will become more pervasive, requiring employees to record their actions at a higher level

of detail.

VI Conclusions

In the economics literature, the term \bureaucracy" has been associated with ex-ante
optimal constraints on the employee's actions: the requirement to work in the company's
facilities, the denial of access to superiors, etc. In this literature, bureaucracy implies that
information is either destroyed or ignored. Yet, the term “bureaucracy' is often associated
with a system that generates rather than destroys information. Not only is this the sense of
Weber's opening quote, but also the widespread perception that corporate rules that require
the recording of actions and the lling of forms make a company \too bureaucratic". Consistent
with this idea, this paper explores the role of bureaucracy in generating information.

In our framework, the extent to which employees are required to document their actions
emerges from a trade o® between the gains of improving incentives and production eZciency.
On the one hand, the recording of actions allows for input-based measures of performance that
could increase the e®ectiveness of the rm's system of incentives. On the other hand, recording
actions and lling reports cost time and e®ort that could be used to enhance production.
Bureaucracy arises when this trade-o® is biased towards the bene ts of improving incentives,
implying rules that require the employees to document their actions at a high level of detail.

Perhaps more importantly, the analysis shows that the system of incentives of more bureau-
cratized rms rely more strongly on input-based performance measures. As a result, our paper
yields a measure of bureaucracy - the extent to which employees' pay depends on measures of
input rather than output - which we believe that can be used to test the model's implications

that relate the level of bureaucracy to the frequency and costs of managerial turnover.
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Appendix

Proof of Proposition 1: It suzces to prove that, under Assumption 1, % > 0. The rst order

conditions for Program 3 with respect to e®ort, a, and the coexcients ; and , are, respectively,
— 0 . .. .
i @1+ rzg“+ 2c°°(a)] =0, 17,(("?‘% and 5 = 1i((i))2 Using the Implicit Function Theorem
Y

in the “rst order conditions y|elds

020 _ 1+ @)@ +@2(:)°% 0.
0% [1+ ()P

= 00 ~)2
i@ da, _, ()
c’(a) d% 1+ (5)?

The su=cient condition is obtained by noting that —%— < 1 and replacing CC;((:)) by g

Proof of Proposition 3: Shareholders' expected utility for any given (,;T) can be written as

Z oM
2T =EPFVECW T i) , pdF (I (,:%) i V(.: %] i W(T) (11)

Assuming that T > 0 in the optimum, we show that &(_¢TF: T) > &(_;T) for any , > _°TT. Hence,
the turnover policy does not create incentives to increase _ beyond the ezcient level _¢f. To see this,
suppose by contradiction that 2(_;T) _ &(_¢fF; T) for some _ > _¢ff. Thus

2T i 2T =ERFAIVCG® i i IVCETS% i i)l

Z o(.:T) Z p(,otT:T) . .
f pdF(V (L;%) i V(.: ] i pdF (V%W i V)9 . 0
0 0

Under Assumption 1, V (_¢TF;%) § V(%) < V(;%) i V(_;%) for any _ > _¢fT.15 Moreover,
p(.;T) = minfm;eg implies that p(_;T) - p(.%T) whenever V(_;%) i i(.) . V(%% i
i (9. Since _¢Tf is a maximizer of V (_;%) i i(.), we have that p(_T";T) - p(_;T). It then follows
that the second term in brackets is strictly positive. To obtain 2(_;T) § &(.°F;T) _ 0 it is then
necessary that V (_;%) i i(.) =V (_¢T7;%) i i (_T"), which cannot happen because _¢fT is a maximizer
of V(.;%) i i(L)

Having shown that _? - _¢ff when T > 0, we complete the proof by showing that there exists
2> ( such that _T is dominated by any _ 2 (_¢fT j 2; _¢TT). Assume “rst that p(_fT; T) <. Thus,

a(_:T) is di®erentiable with respect to _ at _ = _¢Tf. So

V%) Z oM V(%) avV(i%)

0=(.;T) -0
— 0. i ()i . pdF (p)[ LR

0. = E[plf—=———

li

p<,,T>f(p<,,T»@p(@>’T)[v Ci%) i V(R

Plugging ., = T vanishes the “rst and the last term in the derivative because , = ,°fT maximizes
\V; T . _ eff.py T[M %™ _
V (.;%)ii(.), whichimplies thatu i’(.¢7f) =0, and so & @ ) = j TP

=

15This follows because Assumption 1 assures 4 (. ;%) > 4(_ ;%) which implies that the derivative of V (_; %) i
V (,;%) with respect to _ is strictly positive.
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0 as well. The second term is negative because LX&) § &G — v [(2( 9))2 § (3(.:%))2,
= = ay eff. } }
and “2(.;%) > “2(.;%) under Assumption 1. It then follows that £ < 0o, implying that
2, 2(, R %
. < .°fT in the optimum when p(,¢"";T) < g. If p(,*7";T) _ g then Z=-—D) reduces to
eff. eff. = eff.
E[pIf2LSTT% § j0( #FF)g, which is negative because —@V(=@jf’%) i i’ =0and L2 >

eff.gy ~ .
C" " ynder Assumption 1.

=

2
Proof of Proposition 4: Let us rewrite &(_; T) as follows
Zp
2T =EPRFVG®) 1 i()g+f ( T)|00|F(|D)[V(,;3/4) i ViR W(T)o:
pPC.3

Recall that W(T) is the maximum expected loss that the manager can impose on the shareholders by
voluntarily quitting, that is,

Lo Zp
W(T)= max Af] pdF(P)V (. ;%) + pdF(P)V (L;%)] i ElpIV (L %)9
.2(0;1] 0 p(.:T)
Letting A = 1, and collecting terms in the above equation we obtain
Zp
W(T) = max dF V(;%iVvVQ:®
M= max — pOEEN N VR

It then follows that the second term in brackets in &(_;T) is non-positive for any (,;T). An upper
bound of &(_;T) when A = 1, thus, maximizes V (_;%) i i(.) and vanishes the term in brackets.
Let © < _°ff be the maximizer of V (_;%) i i(.).2® We now show that T = B[V (_®%;%) i i(.°™")]
grops the term in brackets to 0 if , = " Indeed, setting T = T makes p(";T) = p implying that
pﬂ(?;f) pdF(P)[V (,;%) i V(,;%)] = 0. Thus, (’,\;'Il) obtains the upper bo'und. In contrast, a policy
of avoiding managerial turnover with probability 1 is sub-optimal when A = 1. To see that T = 0
does not obtain the upper bound, note that, since ’: < <~ = argmaxéVR(,;%) iV(.:%), ’,\ does
not maximize V(.;%) i V(.;%). Therefore, the second term in brackets, f pﬂ(é;T)de(p)[V ;%) i
V(.;®)] i W(T)g, does not vanish when T = 0. We have then established that T > 0 when A = 1,
withT =T optimal. Since T? =0 when A = 0, the existence of A 2 (0;1) such that T > 0 is optimal
follows from upper-hemicontinuity of the value functicgn.17 ) )
Now we show that if T > 0 is optimal for some A > 0, then T = 0 is dominated for any A > A.
Suppose by contradiction that (_ (T); T) is optimal for A with T > 0, and that there exists some A > A&,

1870 see that ’: < _®fT di®erentiate the “rst order condition of max_V (.;%) i i(.) with respect to % to

_ — ¢ g 20 %)
. 2 2 57 . . . .
obtain ﬂda% = j- :,’00(2(_;4)4i)ingé) . Since, the denominator is non-positive from the second order necessary

condition, the sign of -~ is equal to the sign of § 26 \which, under Assumption 1, is negative.
d¥ d¥

7call T(A) an optimizer for the maximization program maxt 2(_;T;A) where A is a parameter of the
objective function. We prove by contradiction that there exists A < 1 where the optimal threshold T (&) 2 (0; T).
Suppose that this is not the case. Thus, either T(A) = 0 for any A < 1 (remember that T(0) = 0) or
T(A) = T for any A > 0. For the former case, take any sequence A, ¥ 1, with A, < 1 for any n. Thus
limhs2T(An) = 0 < T = T(1), contradicting upper-hemicontinuity of T(A). Otherwise, for any sequence
An ¥ 0, with A, > 0 for any n, limns 2 T(An) = T > 0 = T(0), also contradicting upper-hemicontinuity of
T(A).
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with (,(T); T) = (. ¢, 0) optimal. Thus, optimality of (,°fT;0) with A implies:

Z p(.(Mm Zp L
pdF (p)V (.°7F; %) + pdF (P)V (. *™T; %) i Amax
T .

pdF )V (.:%) i V(.;®li
p(. (TY; )

p(.;T
Zp
iC(T)E] - E[PIV (.5 %) i Amax . pdF @IV ;% i VBT T i CTHER D

Z o.My
. pdF @IV %) i VCES®T i LG i i (L(T)IEIR] .
Zp Zp

Af(max . pdF(PV (,:%) i V(,:®)]) i (max . pdF (I (.:%) i V(.: %Dy

p(.;

Since A < A and the di®erence of the two maxima is positive, the latter inequality implies

Z p( (™)
pdF IV CE 5% i VBT LG i i CM)IER] >
Zy Zy
Af(max . pdF(P)IV (.;%) i V(L:%})]) i (max C pdF (P)IV (.:%) i V(. %)]g
= = pC.:
But this inequality implies
Zy
E[pIfV (.°7;%) i i(.°™)g i Amax . pdF(E)IV(.:%) i V(,; %] >

Z p(. (T Zp L
pdF (P)V (7T %)+ pdF (p)V (L °T; %) i Amax

pdF )V (.:%) iV (.:®M]iil. (T)E[p]
0 p(.(T):T) ™

p(.:
contradicting optimality of T > 0 when A = A.

To nish the proof note that, conditioned on T = 0, the program collapses to max_E[p]fV (_;%) i
i (L)g which has _ = _®fT as the only maximizer.

2

Proof of Proposition 5:

Forany ,, leth r = x i i(.) i w.rX i i(.);y) i s(.) be the rm's (random) pro t in units
of output in case the incumbent manager is replaced.’® The random variable h_r induces a CDF
Hgr(hj.). Likewise, the rm's random pro t in units of output in case the manager is not red is
hce=xii.)iwcXiil.)y)is()with CDF Hc(hj.).

Lemma 1 The random variables h g and h_c are normally distributed with means * r > 0 and
1 ¢ >0, respectively, and standard deviations % _g and %_c. Moreover, * ¢ > g and % r > % _c.

Proof. Normality of h_r and h_c follows from w being linear on x and y, which, conditioned on the
employee's e®ort, are independent and normally distributed random variables. * g < ¢ follows from
Tr=VL® i i) is)<V(L:% i i) is(.) =2 c. Substituting the employee's optimal
contract into % _c =Var(x i i(.) i Wi i(.)y) i s(.)) yields %2(1 i "1)>+ 2(.)?. Di®erentiating

18To simplify the analysis, we assume that the employee and the manager's salary are senior to debt and will
be paid according to their binding contracts in any state of nature. This implies that shareholders put up an
escrow account to insure the salary payments against low realizations of x.
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Var(x i i(.) i wx i i(.);y) i s(.)) with respect to %2 we obtain

evar(x i i(.) i wxi i(,);y))
0%2

_ _ d; _d>
—(1: 2 -2l o2
Qi )i2(li )% 2 2, 22

Note ~rst that since the optimal contract elicits e®ort below the ~rst best level, ¢’(a) < 1. Also,
~i . 0for i 2 f1;2g in the optimal contract. Thus, c'(a) = "1 + » implies that the ~rst term in
the derivative is strictly positive. Now, the second term is positive because ; < 1 and an increase
in the standard deviation of output implies that the optimal contract places a lower weight on the
output based measure of performance. To prove that the derivative of the variance is positive it then
su=ces to show that 33,—45 . O0for any _. But this is true under Assumption 1 as shown in the proof of
Proposition 1. Thus, % > % implies % r > % _c .

2

Since the rm's cash-°ow is distributed between minus in nity and plus in nity, it makes sense to
describe the leverage policy as a debt level D 2 (j ; 1). In this context, a negative debt level should
be interpreted as hedging.'® Given an output price p 2 (0;p], ., and a debt level D, the shareholders'
expected payo® of ring the incumbent manager is
z a1 z a1
¢(D;.;p)= _ [ph i DldHwr(hi.) i _ [ph i DldHc(hj.): (12)

kel
kel

In order to prove the Proposition, we will make use of the following result:

Lemma 2 Let I(z) = % be the likelihood ratio of a standard normal random variable, where n(z)

and N(z) are, respectively, the density and the CDF of a normal distribution with mean zero and
standard deviation 1. Then, for any z 2 <, I(z) > z.

Proof. The normal distribution satis es the monotone likelihood ratio property with I(z) > 0 and
I°(z) >0 for any z 2 (j A; 1). We now show that I°(z) > 0 , I(z) > z. Suppose not. Then, for some
z,12) -z

ejg_z iz Za it
R g 22¢7 - o d
ez dt z

it

Note that ze =

2 - 12
< te'z for any t > z. Therefore,
Z u Z u
ez - zez dt < tez dt=e"2 :

z z

Contradiction.

2

Lemma 3 For any p 2 (0;p] and _, there exists a unique D(_ ; p) such that shareholders have incentives
to re the incumbent manager if and only if D < D(_;p), with indi®erence at D = D(_;p).

Proof. We start showing that the shareholders' expected payo® of ring the incumbent, ¢(D; _;p),
has a unique interior maximum, ¢ > 0, at a positive debt level. Taking the derivative of ¢(D; _;p)

I9A negative debt level is then equivalent to the premium the company pays to eliminate part of the liability
associated with a negative realization of x.
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(equation (12)) with respect to D yields?°

Z
¢(D;: 1 1 D D
0CM5) _ ¢ TaHam) +  dHe() = Hr(D) i Ho(D);
@D D 2 p p
which can be rewritten as 5 5
@eDd;:) _ o i R T itc
N(E i N2 )
@D Yot e

where N () is the CDF of a standard normal distribution. Let D solve

D .1 D - 1. - Ir
F 1 R — F 1 Iﬁ— f%C 1 %R -
T T D p 1 9 0:

%C %T

One can easily check that for D < D, J'; > J'; , with the reverse inequality for D > . Hence,

N(M) > N('E; ! C) > L&E9 >0 for any D < D, with the reverse inequality for D > [, and

equality for D = I‘_‘). This proves that ¢(D; _;p) has a unique maximum at D = [ > 0. To investigate
the sign of ¢(D; _;p), we rewrite ¢(D; _;p) in terms of conditional expectations

of(L i HR<%>)ER[h a %jh ) %} P Hc(%))Ec[h a %jh ) %}g:

Since Hr and Hc are CDFs of normal distributions, we can use the expectation of a truncated normal
to compute the di®erence of the conditional expectations

D .2 D.a
D .1 n(&—=) D . (=22)

iR D C ; D
¢(D;.:p) = pALIN (L) r+r——F— i —Ji[liN(P )P e+ ——E S — i —o;
R 1iN(E=) P ‘c 1iN(ES) P

where n(h) is the density of a standard normal distribution. Therefore, the fractions above are likelihood

ratios evaluated at 2L°& and 22<. Evaluating ¢(D; ,;p) at D:
Q i 1 6 i 1 Iﬁ 6 i 1 Q i 1C Iﬁ
;.0 = Pl i N(CE )l + il (25 —) i STiLiNGS Dl +el (25— i Sl

D.a D.a
By construction of D, we have that % = % ~ DR. Therefore,
¢(D;.;p) =p[L i N(DP)If[1g +%=I(DR)] i [1c + %cI(DR)g>0 ,

g + %RI(DR) > 1c +%cl(DT) , 1c i Tk < (& i %c)I(DF) .
R.

3/4R i e’

-0

i
(DR )> -

a

Since I(DR) > DR, the above inequality is satis ed if DR _ 3< :;S In fact, this latter inequality holds

29From now on we will drop _ from the notation except when necessary to avoid ambiguity.
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with equality:

[6) f%g'ng Y%rlc i%cl

D -1 ‘R = 1 ARTCI7ZC™R = 1 -

DR—_p ' C_ p 1 °C_“mine 1 ¢ _Tcilr.
Yic Yic Yic Y= i %c

Now we show that there is D < I, such that C(D; .;p) <0. Since ¢(D; . ;p) is continuous on D and
¢(D; .;p) > 0, existence of D(_;p) 2 (D; D) with ¢(D(,;p);.;p) = 0 follows from the Intermediate
Value Theorem. Moreover, because @¢(D D >0 for any D < B, we have that ¢(D;,;p) < 0 for any
D < D(,;p), with the reverse inequallty for any D 2 (D(_;p); D]
To prove existence of D with ¢(D; . ;p) <0, note that
Z4 Z4
¢(D;.;p)= _ [phi DldHr(M) i _ [ph i DldHc(h) »

kel
kel

Z 4 Z 4 D D
¢(D;.;p)=(  phdHr(N) i ph dHc (h)) + D(HR(_) i Hc(—)): (13)
p
ForanyD<0andp>0 HR( )i Hc( )=>0)D D(HR( )i Hc( )) < 0. Now, |ImD|l1f o ph dHr(h) i
= ph dHc (h)g = pfE[h_r] i E[h_c]g <O0. Since the rst term in brackets in ¢(D; ,;p) converges to

a negatlve number when D ¥ j 1 and the second term is negative for any D < 0, existence of D with
¢ (D; .;p) <0 follows for D su=ciently small. Therefore, shareholders are strictly better of retaining
the incumbent if D - D(_;p), where D(_;p) is the unique D 2 (j 1; D] with which ¢(D; ,;p) =

To “nish the proof of the lemma, we show that ¢(D; _;p) > 0 for any D > . Hence, D(_;p) is
the only debt level that makes shareholders indi®erent on whether to re the incumbent, with an strict
preference for retaining her when D < D(p; .) and an strict preference for ring her when D > D(_; p).
To prove that ¢(D; _;p) > 0for any D > D, we show that limp s 1 ¢(D; _;p) = 0. Since, W <0
for any D > D, the limit being zero is only possible if ¢(D; ,;p) >0 for any D > »)

Consider €(D; . ; p) as written in equation (13). The rst term in parentheses clearly vanishes when
D ¥ 1. To obtain the limit of the second term we re-write it as

olo

Diig Dijic
PL_ ")z =
lim N( Yir )IN( e
1
DY IS}
Using L'Hospital rule to evaluate the above limit
i(QE ilR)2 I(_E i c)2
lim j Dz—p—l_f—e 73 1o o2 g
DE1 p 2% %R i
The above limit is zero because
i(=i i)2
. . D? . 2D
lim jD% % = lim j—5— = lim j ~ =0
DY DY (Fi*i) DY (—Eili)
e 2% Bin "z
Yai p3/4.

where we made another use of the L'Hospital rule in the second to last equality.
2
Lemma 3 showed that, for any cut-o® T and p 2 (0; B], there is a unique debt level, D(.;p), that makes

shareholders indi®erent on whether to ~re the manager. In particular, this is true for p=p(_;T). The
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next Lemma proves that, with D(_;p(.; T)), shareholders strictly prefer to re the manager if and only
if p < p(,;T). This result establishes the shareholder's ability to commit to an optimal strategy of
“ring the manager for any _ that the latter may choose in or out of equilibrium.

Lemma 4 With debt level D(_;p(.;T)), shareholders are strictly better o® ring the manager if and
only if p < p(,;T). Moreover, shareholders are strictly better o® retaining the manager if and only if

P>p(:T).

Proof. Let D(_;p(.;T)) = Dt(.). To analyze the shareholders' incentives under Dt (,) for p &
p(.;T), we di®erentiate ¢(D+(.);.;p) with respect to p:

YA a1

.. a1
@p DI D)
P P
By construction of D1 ()
z a1 z a1
Dt D
SOOI =L, i ey i, TR =0
o = o)) Pl
Z a1 Z a1
Dr(.) Dr(.) 7(.)
T hdHg(h hdHc (h)] + H i He =
p(.; T o, (T) r(N) i or ) c(h)] (,;T)[ R(p(g;-l-)) i (p(,,T))]g
Since D(T(T§ < 25 T), then HR(DT( )) HC(E(L(;%), implying that the second term in brackets is

positive. In order to obtain ¢(D+(.);.;p(.;T)) =0, the rst term in brackets, which is
evaluated at p(, ; T), must be negative. Therefore, for some 2 > 0, shareholders have incentives to re the
incumbent forany p 2 (p(,; T) i3 p(.;T)), with incentives to retain her forany p 2 (p(,; T); p(.; T)+3).

Now, suppose by contradiction that, for some p > p(.;T), shareholders have incentives to re
the incumbent, that is ¢(D+1(.);.;p) . 0. From the previous paragraph, we know that for p 2
PC;T)p(L; T+, €¢(D1(L); . P < 0. By the Intermediate Value Theorem, there exists p > p(,;T)
(possibly p itself if €(D+1(.);.;p) =0) such that

@c(DT(.);.:p)
@

Z . Z .
O ().im =pf i~ i 2 s dHe(g = 0

Butthen D = (p(T;T))DT (.) would obtain €(D; . ;p(.;T)) =0, contradicting Dt (.) as the unique debt
level that obtains indi®erence at p = p(,;T). We conclude that ¢(D+(.);.;p) <Oforany p=>p(,;T).
The same type of argument can be used to prove that ¢(D+(.);.;p) >0 forany p<p(,;T).

2

Proof of Proposition 6: We prove the comparative statics for %. The comparative statics for A
can be proved in a similar way. Assuming an interior solution, the ~rst order conditions for _ and T
(Program 10) are, respectively

z

: piT) : Zp 3,
%p(ﬁ)f@(ﬁ»{v CRiV R+ pww«m p%dﬂm @'@( DEp =0
- 0 - p(.) B >
Op(.;T) QW (T;%; A)

oT — =P FECTINVC®) i VB =0

For convenience, we re-write the ~rst order conditions as

T

G(.;T;%A) =0
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L(;T;%A) =0

By the implicit function theorem, we have that

@ jaseL 4 eceL
%. _ T@xoT @t 0%.

@G 6L . @G oL -
0% 26T i oTe.

- 0G oL 4 @G @L
@_T:'@g ?)_%"'@6%(;73_.
% FieT i e

Note that the denominators in @% and @T are equal and non-negative (they are determinants of the
principal minor of order two of a negatlve semlde nite matrix). We, then have that

0G @L 0G @L
S|gn[ ]—S|g [i AR @T EA
@G oL @G oL
s-gn[ +1=sionli o NIRETTR
Let us rst look at the sign of @ The second term vanishes because % = 0 implies %ng— 0,

which in turn leads to 42 = 0 Now using &5 = 0 once more, we have that

% T o it

. R
Where W (T;%;A) = max_A pﬂ( ;T)de(p)[V (.;%) i V(.;%)] and 7 being the solution of this maxi-
mization program. Thus

BL @f-ARﬂ( nPFOFERG v (%) 8 T)

— = : = jA—= = —p(Z; T)F(p(Z;T)) > 0;

0% oT E aT
where the positive sign follows from @”é}ﬁ) = W ;%ii —5 > 0 for any _ and M < 0 because
% = 0 after the compensating income is taken into account, 7 > _ and % < 0 under

Assumption 1. It then follows that the sign of &L T is equal to the 5|gn of .%, which is non-negative
because L - 0 (itis the determinant of the prmupal minor of order one of a negative semide nite
matrix), provmg that & _ 0. Consider now the sign of & which is equal to the sign of j %%%T +éLT%
Since % = 0, the Trst term vanishes. From ﬂ > 0, |t follows that 3|gn[ 5] = S|gn[ ] To sign
% we assume that p is uniformly distributed over [0;1] and that V (; %) § .( ) is quasi-concave with

respect to _ with a unique maximizer _ = _¢ff. If so,

@G e8P0 T) @p(.;T)@p(.;T) @p(,,T) @V(,,%) V(%)
a7 — VGBIV CIIfga 6 Tt P TI

T
p(,;T)+ 0. 0.

]:

AV (¥ - .0
Now, the “rst term is positive because V (,;%) j V(,;%) < 0 and 2L = iT(T(%;Q/A)i';i'((;))2 <0,

eff
because . > _¢ff and W i i'CsM)=owithV(;%ii() qua5|-concave with respect to
Howica @2PCT) o LG50 ) - " S -
Likewise, == = i wiay5¢yz < 0. This Trst positive term captures the incentives to increase

e=xciency that arise when an increase in % induces the optimal mechanism to increase T. As a response
to the higher threshold in expected pro ts, the mechanism reduces bureaucracy to increases ezciency
and so decreasing the likelihood of a costly managerial turnover. Note that if the organizational

inez=ciency is small to begin with, that is , % ,7f, then £2LiD 1, @2@”(@}” ¥, 0, and this excient

=
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e®ect is of second order. Now, since @pé}ﬁ) = W _%ii — > 0, the sign of second term is determined

by &LL® 3 BGCH = v [72(;%) i 3(.;%)] which is negative under Assumption 1. This second

term captures the incentives to increase bureaucracy in order to reduce the higher expected costs of
managerial turnover due to the higher T induced by the increase in %. Note that if the organizational
inez=ciency is high to begin with (i.e. a% 0 “»(,;%) ¥ 2(,;%) ¥ 0), then the incentives to increase
bureaucracy are of second order and the incentives to enhance exciency dominate.

2
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