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ON MONITORING TIMING IN HIERARCHIES' 2

WALTER CONT *?

1. Introduction

The literature on the principal-agent problem has analvzed the role
that monitoring institutions play in alleviating incentive problems. Two
branches of this literature have been studied separately. The first one
analyvzes the optimal contract when the principal hires an ex ante monitor
(or. for lack of a better name, a supervisor. sce Tirole (1986)). whercas
the second one corresponds to a principal hiring an ex post monitor (or
auditor, sce Baron and Besanko (1984)).

However. not much attention has heen given to what affects the choice
hetween the two monitoring institutions.? Several reasons jnstify the im-
portance of this problem. First, the evidence suggests that although
both institutions are available to the principal. the latter chooses only
one of them.” Hence. a formal explanation is needed to rationalize this
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There are also circumstances in which the principal chooses both monitors. We
leave this discussion aside in this paper to focus on the principal’s timing choice.
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evidence. Owners of firms hire third parties to supervise employees. to
monitor their effort or to audit their private information. In some cir-
cumstances, the regulatory stage is ex ante (e.g.. regulatory [ramework.
detailed contracts) while in other circumstances the control is ex post
(e.g., auditing of acconnting data and expenses).

Second. and more important, the monitoring timing choice is not
inconsequential. Hiring an ex ante or an ex post monitor has a different
effect on both agent’s incentives and principal’s utility. On the one hand,
the ex ante monitor obtains information about the agent’s productivity
before the agent accepts the contract (and, of course, exerts effort), and
his report is used to design a “flexible™ contract for the agent, in which
both outpnt and the agent’s compensation can be hascd on the monitor’s
report. On the other hand, the ex post monitor oblains information about
the agent’s effort or productivity alter the agent exerted her effort. The
principal can use the auditor’s report to punish the agent (provided that
a punishiment scheme is available and enforceable), but she cannot make
the contracting of output depend on this report. Therefore, the principal
faces a trade-ofl between flexibility and rigidity-punishment.”

In order to find the optimal solution to this trade-off, we specify a gen-
eral model (principal-monitor-agent hierarchy). which allows both super-
vising and auditing. The principal, who is uninformed about the agent’s
productivity and effort, hires the agent to produce a good or service. The
standard optimal contract solves a trade-oll between incentives and costly
information rents. In addition, the principal may hire a monitor (whose
preferences are aligned to the principal’s) to elicit part of the agent’s
private information. which can be used to alleviate this trade-off (i.e..

The Law and Economics literature considered the stage of legal intervention or
(benevolent) regulation of activities that gencrate externalitics (see Shavell (1993)).
This literature does not consicer the trade-off analvzed in this paper.
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reducing the agent’s rents and improving incentives).

We find that auditing is optimal when strong and enforceable punish-
ment schemes are available to the principal. or when punishment instru-
ments are weak and the monitor’s signal is noisy. Otherwise, supervising
is optimal when punishment schemes are weak or cannot be enforced,
provided that the supervisor's signal is accurate. Given a low expected
punishment, the supervisor is more valuable to the principal when he
learns the “right” information about the agent (which is more probable
when his signal is more accurate), for the principal can reduce the agent’s
expected rents when she is certain about the agent’s type.

The formal results in this paper fit casnal observations in organiza-
tions. such as auditing of top-level managers (e.g., CEOs, who may be
more exposed to pl,mishments) or supervision of productive activities at
lower levels of a firm. Typically, low-level emplovees have lower incomes
or are protected by minimum wage regulations.  Of course, company
shareholders prefer to “screen™ a candidate to a high-rank (i.e., manage-
rial) position when they cannot rely on courts as an enforcement device
of eventual punishments. These results also apply to regulation of “haz-
ardous” activities. In particular. the determinants of the optimal stage of
intervention snch as magnitude of possible sanctions or probability of ap-
plication ol sanctions arise naturally under this agency-based structure.
A new important determinant is the quality of the monitor’'s information
(measured as signal accuracy of the agent’s productivity), which is valu-
able to achieve some flexibility ex ante (i.e., prevention of damages at a
low cost).

This paper connects many works dedicated to monitoring in hierar-
chies. which apply to either supervising or auditing. Baron and Besanko
(1984) analyzed the optimal design of a regulatory contract when the
government hires a benevolent regulator to audit a firm. They obtain a
separation result that the pricing decision does not depend on the au-
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diting decision (which means that the price and quantity when the firm
is audited are the same as those when the firm is not audited), but the
auditing decision does depend on the pricing decision (in particular, the
principal sends the auditor when she infers that the firm overstated the
price). Cohen (1987) characterizes the optimal enforcement for an en-
vironmental regulator to prevent oil spills (l.e., a negative externality)
in an agency-based {ramework with moral hazard. Tirole (1936) intro-
duces the optimal contract when a supervisor is hired, but his concern
is about the effect of collusion hetween the supervisor and the agent on
snch contract (sce Scetion 5 for a briel discussion). However. none of
these works consider the optimality of supervising as compared with au-
diting. Finally. as we mentioned before. the Law and Economics literature
(Shavell (1993) and Kolstad, Ulen y Johnson (1990)) has analyzed the op-
timal stage of Law enforcement of externality-generating activities in a
benevolent-regulator framework. However, these papers do not consider
agency problems or imperfect signals.

The paper is organized as follows. Section 2 outlines the model. Sec-
tion 3 computes the optimal contract when the principal hires a supervisor
or an auditor. Section 4 discuses the optimal monitoring timing. and pro-
vides some applications to organization design and regulation. Finally,
Section 5 concludes and discusses some extensions.

2. The Model

Consider a hierarchy consisting of a principal, a monitor and an agent.
The principal hires the agent to produce a good with gross value ¥V and
production cost (" = (0 —0¢. The pavoff to the principal is V—6+0c.” The

" This specification of the model nests regulation models (with cost function )
-where the principal is the government. the monitor is the regulator and the agent is

the regulated firm— and organization models (with profit function = 2 f¢) ~where the
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cost C, which is observed hy the principal, is reduced by a combination of
agent’s productivity and effort, which are not observed by the principal.
By excrting higher effort the agent reduces the production cost, but she
derives a private effort disutility or cost v:(¢) = ¢2/2. The agent’s private
productivity or type is 8 € {0p. 0}, with 8y > 0, > 0. Let ¢ be the ex
ante probability that the agent’s productivity is high. i.e.. ¢ = Pr(0 =
Or7). The parameter 0 is an upper bound on the production cost.® The
principal reimburses the cost € and pays a net transfer ¢ to the agent.
The agent’s reservation utility is Ug = 0.

The principal also decides whether to hire a monitor to obtain an im-
perfect signal about the agent’s prodnctivity (this signal is also observed
by the agent). The monitor obtains a signal at no cost (the results ex-
tend to a costly monitor. provided that he is hired). The signal may take
the following values: With probability 1 — p the monitor learns nothing
about the agent’s type (o = 0). Otherwise he gets an imperfect obser-
vation o € {L,H}. which is correct with probability a > 1/2. This
assumption satisfies the monotone likelihood ratio property that a cor-
rect signal is more probable. Table 1 summarizes the possible signals and
their corresponding probabilities.

ho
Uit

With the new information. the principal may reduce the agent’s wage:

or sel a fine whenever she finds that the agent misreported her type or
shirked. The agent is protected by limited liability when punished: a
fine 7 sel by the principal (depending on the monitor’s report ) must
be up to some liability bound z. The liability bound may be interpreted

principal is the owner. the monitor is either a supervisor or an auditor and the agent
is the manager or worker—.

5 We show later that the effort exerted by a type-@g agent is ¢ = 0. and hence

N 2 ¥y o, .
we assume that 0 > 03 for the observed cost to be positive in all the cases analyzed
in this paper.
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Table 1: Monitor's Signal of Agent’s Type

I Type ” Observation ‘ o l Pmbabilit‘yj

e 0 0 1—p
04 Oy H PQ

O or L p(1—a)
0, 0 0 1 —p
o Orr H p(l —a)
0r 0r L Py

as exogenous wealth constraints or exogenous maximum expected legal
punishment .’

The monitor sends a report r € {0. L. H} to the principal. who pays
hima wage w. e is protected by limited Hability (1c > 0). His reservation
utility 1s U7; = 0.

We introduce the possibility for the principal to send the monitor
hefore the agent accepts the contract or afier the agent exerted effort.
In the first case. the monitor obtains a signal about the agent's produc-
tivity (effort has not heen exerted vet). In a large number of papers,
this monitor is referred to as supervisor. In the second case. the monitor
may either audit the agent’s productivity or monitor the agent’s effort.
Given the cost structure (" = 0 — f¢). the information obtained by the
principal is the same whether monitoring gencrates a signal o on produc-

Alternatively. we can Introduce some uncertainty on the punishment enforcement
by assuming that the agent is punished with some probability p € [0, 1]. so the expected
punishment is pz™. As it will be seen below, all that matters to the risk-neutral agent
is the expected punishment. We assume that =7 s expected punishment for simplicity.
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tivity or effort. provided that the informativeness of signals and the cost
of observing them are the same.!” Hence we concentrate on (ex ante or
ex post) productivity monitoring for convenience in the exposition. In
addition, whether monitoring is ex ante or ex post, we assume the same
signal distribution {same p and o) and the same cost (¢ = 0) to eliminate
a possible source of timing preference derived from the quality or cost of
information.

In order to make the timing decision. the principal compares costs
and henefits under each alternative. I she hires a supervisor. she obtains
a report that can be used to contract both output and wage. T'his gives
some flexibility to the output choice. for the principal can create output
distortions according to the probability of the events in order 1o reduce
the expected rent to the agent. On the other hand. when the principal
hires an auditor. she does not benefit from the flexibility in contracting
output. but she can punish the agent (up to some point) when she finds
that the agent misreported her type (or shirked). There is a trade-off:
flexibility in contracting vs. rigidity and punishment.

The timing of the ganme is as follows:
o o

1. The principal decides the monitoring timing.

U This result does not depend on the structural form of the cost funetion. but

on the fact that. civen the agent’s tvpe and effort. there is no uncertainty affecting
the cost. Typical functions for cost or profit, found frequently in the principal-agent
literature, are C' = 3 — ¢ (wheve 3 = 0 — 0) and @ = 0 4 ¢, respectively. The results in
See Cont (2001).

Of course, if the informativeness of signals or the cost of ohtaining them are different.

this paper hold for these alternative structures.

the principal will choose effort mouitoring or productivity auditing, whichever is more
profitable. But this is a choice between two ex pust monitoring alternatives, which we
do not consider here.

~1
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2. Nature chooses the agent’s type . The agent learns her type. and
the supervisor (if hired) observes a signal o of the agent’s type
(which is also observed by the agent).

3. At the contract stage, if the principal hires a supervisor, she offers
contracts t(C,r) 1o the agent and w(C.r) to the supervisor. If
the principal hires an auditor. she offers {(C.7). 2"} to the agent
and w(C.7) to the anditor. The three parties sign the contract.
The agent and the supervisor (il hired) send their reports to the
principal.

4. The agent chooses effort ¢, and cost €' is realized.

5. 11 an auditor is hired. he observes the signal o, and sends a report
r 1o the principal.

G. Transfers are realized.

It is worth mentioning that we are assuming a standard information
nesting used in the incentive literature: the agent knows her type and
the monitor's signal. the monitor knows his signal and the distribution
of agent’s types, and the principal only knows the distributions of types
and signals.

We also assume that all parties are risk- neutral. Since there are both
moral hazard and adverse selection. a transler of the hierarchy from the
principal to the agent is not optimal. Moreover, limited liability to the
monitor ensures that a transfer of the hicrarchy from the principal to the
monitor is not possible. The principal. agent and monitor’s utilities are
Up =V —ft4w+Cl,Usy=1~- ¢ /2 (minus an expected punishment,
whenever it applies) and Uy = 1w, respectively.

When the principal observes both agent’s effort and type, the problem
simplifies to choosing effort and transfers in order to maximize V' — 0+
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[Be —t], for 6 € {0p.0n}, subject to the agent’s interim participation

constraint ¢ — ¢2/2 > 0. The solution to this problem is: c,};B = 0;.
ffB = 0?/2. for j = L. H. The principal’s first-best utility is
BUEB =V 0+ - [qu+(1—q)oL] (1)

Suppose that the principal does not observe either agent’s effort or
type. The contract offered by the principal should be conditioned only on
the observable €. Because of the binary nature of the problem and the
fact that C is deterministic for a given agent’s type, we can concentrate
on forcing contracts. As it is well known from revelation principle. the
principal can restrict herself to direct mechanisms based on an agent’s
truthful report. For a report 0 there is an effort recommendation ¢ ((/’) to
achieve a production cost ('(4) = 0 — Oe(). When the agent’s report is
0 =0 (H = 0p), the principal recommends the agent to exert effort e,
(epr) and pays her a transfer ¢, (ty) if the observed cost is C'f, (CH).

Let A0 = (0;/0g)? < 1and R =1— A < 1. A feasible contract
to the agent must satisfy the individual rationality (IR) and incentive
compalibility (IC) constraints

IR(LY: 1y > c3)2 IC(Ly: i _(L/>>f,,~@ /200
TR(HY: ty >e%/2 IC(H): ty—c% /2>t — 1 AG)2

A standard result is that when the constraints IR(L) and IC(H) are
binding (and they are in the optimal contract), IC(I.) and IR(H) are
not binding (the proof is standard and hence omitted). The principal’s
problem with the binding constraints IR(L) and IC(H) is to choose er.
and ey to maximize

3

V—04q|gey — TH - R .)} +(1-q) {0L€L*

A
N |
| E—
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The solution to this problem is

NM (1-a)0r NM
e —_————— €7 — 9
P () R e |
(F.NA[)Z (F,NM>2 <€NM>Z
. -L Y “H L
t!\ A — 1_;\ M +
L 2 1 2 2
and the principal achicves a utility
f o0, (1—q20
BUNY =V -0 = |¢0% | — L 7L 2
_[ ) 1V 1 (1_(1)47(11? ()

where the superscript NA stands for no-monitor. Clearly EU;,\)YM <
EUEB. The intuition for this result is as follows: in order to elicit high
effort from the more productive agent (who has incentives to claim that
she is inefficient), the principal pays her an information rent. But this
rent is directly related to the type-01 agent’s effort. Hence. the principal
elicits lower effort from the less productive agent to reduce the type-fg
agent’s rent. In this way, the principal solves a trade-off between two
kinds of costs: a higher cost from hiring a type-0r, agent who exerts lower
effort (than the first-best one) and a higher cost from hiring a type-0y
agent who is paid positive rents.

To avoid paying rents, the principal may offer a contract targeted to
the type-6 agent: ¢ = 6%,/2 il the observed production cost is Oy = 0 —
6%, and nothing otherwise. The principal’s utility is EUNE = g{V -0 + 6%, /2}.
We assume that the principal prefers to hire both types of agents (it is
sufficient to assume a high V).

3. Optimal Contract with a Monitor
This paper considers the case of a principal hiring an honest monitor
to elicit —imperfectly— the agent’s private information. and asks whether
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obtaining a monitor’s signal before or after the agent exerted effort has
some eflect on her utility. The principal finds the monitor’s signal valuable
for the latter reduces the principal’s information disadvantage regarding
the agent’s type. and hence allows her to reduce the agent’s (expected)
rents once she is better informed.

But the effect of this report on the agent’s actions and compensation
depends on the stage at which monitoring is exerted (ie., the moment
that the monitor obtains the signal and sends a report to the principal).
In this section we solve for the optimal contract with a supervisor or an
auditor scparately and show how the monitor’s report aflects the agent’s
effort and compensation. Then we find conditions such that the principal
chooses either of them (Section 4).

3.1. Contract with a Supervisor

The supervisor reports his signal (r = ) to the principal at the begin-
ning of the contract stage. The principal can use this report to contract
agent’s effort and wage. Let agent’s effort be e, and her compensation be
tj» when she reports # € {0;.01} and the monitor reports r € {0, L. H}
in a direct mechanism. The rclevant constraints for a feasible contract

are:1!

11 At this poiut it should be noticed that the problem we are interested in is that of
a principal making use of the ex ante monitor’s information to elicit part of the agent’s
private information (L.e., the monitor is functioning as a screening device, for example,
through job interviews). Alternatively. we could assume that the signal is obtained
after the agent signs the contract hut before she exerts effort. One would expect the
problem to be the same. However, o is revealed after the contract is signed, and the
relevant agent’s participation constraint becomes 1R;: Eo (t5, — €3,/2) for j € {L.11}
and » € {0, L. 11}, The risk-neutrality assumption implies that the agent’s wage could

be reduced up to —z in a low-probability state (compensated by a small wage increase
in a high-probability stage), but this reduction could be used to alleviate incentives {by
punishing ex ante). Although we consider this a technical possibility, we do not know

31
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o~
(N

IR(r) =ty >3, /2
IC(L) + try—ef, /2 2ty — 37, /200 for j € {L,H}, r€{0,L, H}
IC(HY) : e — €3,/2 > tr, — €3 A0/ .

Let ), denote the probability of occurrence of cach state, where j €
{L.H} and r € {0.L,H}."* Given that the supervisor reports to the
principal honestly and that obtaining the signal is costless. the principal
can set wj, = 0. As in the case without monitor, if constraints IR(Lr)
and TC(Hr) are binding (and they are in the optimal contract). the other
constraints are non-binding.’ The principal’s problem with the binding
constraints is to choose {¢;,} to maximize

2 2 p
I oy es .. s
V -0+ E e | Qe — I)h - R—-? + 7w, (Opep, — f"

re{0,L.H}

The optimal effort and compensation are:

of contracts of this kind (perhaps because they are socially unacceptable), so we leave
this possibility aside. Introducing risk aversion would make this option less attractive
to the principal, but it would make the algebra too messy. Finally, notice also that the
auditing contract would be less attractive to the principal if the agent was risk averse
{Section 3.2 .

2 There are six states with probabilitios 7.0 = (1—q)(1 —p). 7L = (1 — ¢)pa,

mrn — (L=q)pll = o). wmo — q(1 —p). mur — gp(L — o). and 75 — gpo, where the
first subscript corresponds to the agent’s type and the second subscript corresponds to
the monitor's signal.

% The proof is an extension of that in the No-Monitor case for a given supervisor’s

signal.
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1—q)b ;
ero = eyr = e = 0n Ly = ‘———(1(_ q)li 2}3 ep M
(3)
(1—q)aly (1—q¢)(1—a)0r
erL = ey =
LE (1 —q)a +q(l —a)R L (1—-¢)(1—a)+qgaR

— )2 2 e — )2 D L 32 2
L L2t = O/ Re, Je{L. I} and r € {0.L. 1)
(1)
IR(r) -

IC (Ll): fL,
IC(HY) : tw, —(’

/
/2
o2

The next Proposition summarizes this result (see Tirole (1986)).1

hlu& N

<n,/>A0 forj € {L,H}, r € {0,1. 1}
- (L A(}’/‘)

I\/

2>ty
2>t

Proposition 1 The optimal contract when the principal hires an honest
supervisor satisfies (3)-(4). The supervisor is hired always.

We can observe the benefits of flexibility in contracting from equations
(3)-(4) and Figure 1. The principal pays only the effort cost to the type-
1. agent for any monitor’'s report, but cannot eliminate the rents to the
type-Ug agent. Let the agent's rents in state Hr be Ry, = Re L7/9 The
optimal contract is such that ¢y ; > erg > ey and Ryp > Ryo > Rupy
for any value of «.

Consider, for example, the state in which a type-6;; agent faces a
report ¥ = H (this is a state which happens with higher probability as

14 If the cost of supervising is positive, the contract should be corrected to internalize
this cost. The results in Proposition 1 still hold, provided that the supervisor is hired.
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a is bigger). The principal pays the agent cnough rents to induce her
to report her true type (otherwise the agent would exert effort ep g and
would be compensated 1, 5). But il 7 was the agent’s type and the
monitor's report was r = H. this would be a state with lower probability
for bigger . Hence, by obtaining the signal before the agent exerts effort,
the principal finds it profitable to create higher distortions in the low-
probability state LI (she reduces ep ) when the signal is more accurate,
which allows her to pay lower rents gy in the high-prohability state
HIT. Similarly, the principal reduces distortions in the high-probability
state LI (she increases epp) when the signal is more accurate, which
leads to higher rents Ky;p in the low-probability state HL. In the limiting
case of perfectly informative signal (o = 1). the high inefficiencies and
rents are ex ante costless (states LH and HL have probability 0). Notice,
i passing, that the principal designs a contract to adjust the type-0y,
agent’s effort (and hence the #; agent’s rent) to the posterior probability
that the type is 1. That is, the higher the posterior probability of # = 6;,
given r = L (i.e.. Pr(0plr = L)), the lower the distortion and the higher
the 8 agent’s rent. and viceversa. the lower the posterior probability of
A given r = H, the higher the distortion to reduce #;; agent’s rent.
Figure 2 displays the principal’s expected utility as-a function of the
supervisor’s signal accuracy (sce equation (13) in the Appendix). This
utility is increasing and convex, reflecting that the supervisor is more
profitable to the principal when his signal is more accurate. Two cases
are displayved in [Figure 2. The first case corresponds to p = 1, and the
principal’s utility reaches the first best when o = 1. This happens be-
canse the supervisor's signal is always correct and the information asym-
metry between the principal and the agent is eliminated. The second
case corresponds to p < 1. The principal’s utility is always lower than
the first-best utility because with some positive probability the supervisor
obtains ¢ = 0 and the agent still keeps an informative advantage. Finally,
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regardless the value of p. the supervisor’s signal is not informative at all
as o — 1/2.

3.2. Contract with an Auditor

By the time the principal sends the auditor to obtain information
about the agent’s tyvpe, the agent has already exerted effort and the out-
come realized. Ience, the principal can usc the auditor’s report only to
adjust compensations to the agent. From the Revelation Principle, the
principal can relate a low production cost (or high output) to a type-8gy
agent. In this case there is no need to perform an audit, and the agent is
paid {;,. When the production cost is high (or output is low), the princi-
pal cannot infer whether this is because the type-0y, agent has exerted the
right effort or the type-0p agent has shirked (the agent is paid #;). In this
case the principal sends the anditor (with probability ¢ € [0, 1]) and pun-
ishes the agent with a fine z” when the auditor’s report does not match
the agent’s type report (when the agent reports her true type, this hap-
pens when the anditor reports r € {0. H}). The punishment instrument
is limited by a bound z, which may be understood as the agent’s expected
(perceived) fine, given the possibility that such punishment may not be
enforced (for instance, by the courts). or as a liability bound. Using these
results, the agent’s. participation and incentive constraints are

IR(L): ;= o[(1 = p)=" 4 p(0 — )] > ¢}/2
ICL) .t —8[(1 = p)z" + p(1 — )] — ¢} /2 > t), — €3 /210 5)
IR(ID) = t), > ¢3)2 ”

ICH) =ty — €7 /2>t = 6[(1 = p)e + pazll] — 7 AY/2

The principal pays w” = 0 to the auditor for any report (since there
is no incentive problem), and sends him whenever the production cost is
high (i.e.. she sets & = 1).%° Let Q) = {ensentn, tr, 2", 21T be the set of

1% In this case, the result § = 1 depends on the auditor heing costless and facing no
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choice variables. The principal’s problem is to choose ., to maximize
V—0+q{0ncn — tn}+(1-q) {()m —t+ [(1 —p)z” + p(1 — (I)ZH]} (6)

subject to constraints (5) and the limited liability constraints " < z for
r € {0, H}. Let o} denote the value of a such that TR(H) is non-binding
for e« < af, and af the value of « such that IC(H) is non-binding for
a > ab (from equations (11) and (12) in the Appendix, respectively),
where

0% R
2pz

. (—qPsR

!
o) = -4
P2 () — ) + gR)

S
I

1
5t

The optimal effort and compensation are (this is a simplified version
of Baron and Besanko (1984) | see also Kofman and Lawarrée (1993)):

a < aj a) <a < aj af < o
e : ———‘———( )01 /———————p( a ) 0r, (7)
(I—q) 1R V7R
03 R 03 4?
. S — ) ‘) ; ~ _Q __fL
lp 5 3 p(2a— 1)z ) 5
e? ;
en = 0y, i = 7’ + (1 — pa)z, =0 = 2 w! =l =w =0

(®)

The next Proposition suminarizes the optimal contract.

Proposition 2 The optimal contract when the principal hires an honest
auditor satisfies (7)-(8). The auditor is hired always.

incentive problems.
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Proof: See Appendix.

This contract displays some rigidity as compared to the contract with
a supervisor since the agent’s effort is not affected directly by the auditor’s
report (see Figure 3).

The auditor’s report is used to punish the agent (which affects the
agent’s net compensation) when the principal obtains no favorable in-
formation about the agent’s type (i.e., any report different from L}. In
particular, for a given informativeness a of the monitor’s signal, the pun-
ishment threat is enough to deter the type-f agent from misreporting
whern the liability bound is high enough, and the principal achieves first-
best utility.!® This result is summarized in the next Corollary.
Corollary 1 For any informativeness o of the auditor’s signal, the prin-
cipal achieves first-best utility when the expected punishment bound z is
sufficiently high.

Proof: Fix a value of @ € (1/2,1]. The principal achieves first-best utility
if @ > af, which is satisfied when = > zp, and zp = 02 R/p(2a — 1).
Q.E.D.

For intermediate liability levels,

(1-¢)?03R
2p(2a = 1){(1 = q) + ¢ R}?

0?R
p(200 — 1)

the punishment instrument is strong enough to deter the agent from mis-
reporting her type for high signal’s accuracy. In those cases, the principal

16 However, the principal punishes the type-fL agent in the equilibrium of the direct

mechanism. When the type-0y agent reports truthfully. she is not audited (see Kofman
and Lawarrée (1993)).
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can correct the type-6; agent’s effort distortion. As Figure 3 shows, the
effort distortion is reduced as the signal’s accuracy increases. In other
words, for a bad signal’s quality, the principal prefers to distort efort to
induce the type-fg agent to report her true type. As the signal’s quality
improves, the probability that the principal catches the tvpe-fy agent
with the wrong foot is higher, and hence she does not have to distort
effort too much to induce the type-fg agent to report the true type. In
the limit. as Corollary 1 states, when the signal’s quality is sufficiently
high (provided that = > 6% R/p), the expected punishment is deterrent
enough and the principal does not distort allocations.

Conversely, the agent receives some positive rent if the auditor’s signal
is imperfect and the expected punishiment is low. For any given accuracy
of the signal «, this holds if ] > 1, i.e.,

(1= q)*01R > 2= [(1— q) + qRJ?

In this case the agent exerts the same effort as that without monitor
(IFigure 3 shows this case, where er, is displayed with a dashed line).

Figure 4 shows two cases for the principal’s utility. The first one
corresponds to the principal achieving the first-best utility for high «
(a5 < 1, which is more probable for higher z). In the second case the
agent obtains positive rents for any signal accuracy (af > 1, which is
more probable for lower z).

4. Optimal Timing

In this section we discuss the principal’s monitoring timing decision
with an honest monitor. When the principal hires an ex ante monitor
(supervisor), she finds profitable to distort allocations and minimize the
agent’s expected rents depending on the supervisor’s signal. On the other
hand, the auditor’s signal cannot be used to modify allocations, but can
be used to punish the agent (which affects effort indirectly).
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Therefore, the accuracy of the monitor's information is very useful
to the principal when the latter can punish the agent strongly and the
punishment can be enforced (i.e., high z). As we show in the Appendix
(Proof of Theorem 1). there exists a miniimum liability bound £ such that
an auditor is optimal for z > z for any degree of informativeness of his
signal. T

However, when the agent is protected by some liahility bound or, even
nnder a high liability bound. when the punishment cannot be perfectly
enforced (for instance, when there is a long delay in expedition by the
courts or uncertainty about the courts’ decisions). an ex ante monitor
mayv be optimal. In particular, for values of the punishinent instrument
=z < £, the principal hires the monitor to supervise the agent when his
signal is informative of the agent’s tvpe, and to audit the agent when his
signal is noisy (See Figure 5). This is so because the reduction of the
type-0y agent’s rents is higher are reduced when the supervisor observes
a “correct” signal (that is, o = H, which is more probable when « is
high). If the monitor’s signal is too noisy. the benefit for the principal
from distorting allocations is low, while the expected punishment still has
some deterrent value. Hence an auditor is preferred.

In sum. supervising more probably dominates auditing when the ex-
pected punishment z is low. The next Theorem summarizes this discus-
sion and emphasizes the importance of monitoring timing.

Theorem 1 Suppose that the principal hires an honest monitor.

o Auditing is optumal when the principal’s punishment instrument is strong
and enforceable (= is relatively high) for any informativeness of the signal
of the agent’'s type, or when punishinent is weak or difficull to enforce

'™ In a paper on Law enforcement. Shavell (1993) shows that the availability of
harm-based sanctions is an important determinant of the (ex post) legal intervention

stage.
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(i.c.. z low) as long as the monitor’s signal is noisy (low x).
e Supervising is optimal when the punishment instrument is weak or diffi-
cult to enforce (low =) as long as the monitor’s signal is informative (high

Q).

Proof: See Appendix.

We explained in Section 2 that effort monitoring and productivity
auditing are payoff-cquivalent for the principal provided that the signals’
accuracy and the cost of obtaining them are the same. Suppose now that
the principal is constrained to monitor the agent’s type (because. say, it
is too costly to monitor effort). so that the relevant problem is the timing
of information gathering that is available at the outset. A Corollary of
the previous Theorem is:

Corollary 2 Under some circumstances the principal can strategically
delay the gathering of relevant information. available at the beginning of
the game.

In particular. this is so when the punishment instrument is high
cnough to deter the agent. so that the deterrent effect offsets 1he benefits
of flexibility from supervising the agent.

Next. we present the principal’s response to changes in the environ-
ment. Assume that the liability bound = is such that # < %. so that there
exists a cut-off a® € (1/2.1] of the monitor's signal informativeness for
which a supervisor is optimal when o > % and an auditor is optimal
otherwise. Then. we have the following

Result 1 Consider as reference the informativeness of the monitor s sig-
nal a.

o The cut-off a increases inz. A uditing is optimal for a broader range of
the informativencss of the monitor’s signal as the expected liability bound
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mereases.

o The cut-off o decreases in R. The region of optimality of a supervisor
expands out as the adverse selection problem is more scvere.'S

Proof: See Appendix.

The first result is a direct implication of Theorem 1. The second re-
sult is a consequence of the way the principal designs the contracts. The
intuition is as follows: the supervisor’s signal is useful to reduce the costly
agent’s rent in the more probable state (Ryyg < Ryo). while the auditor’s
signal is only useful to punish the agent (whose rents are the rents under
the No-Monitor contract net of the expected punishment, see ¢, in (7)).
Hence. for a more disperse distribution of types, which implies a more
severe adverse selection problem (captured by a higher R). the first con-
tract is more suitable to control the agent’s rent because of its flexibility.
In words, for a given « and =z, the decrease in the principal’s utility with
a supervisor is lower than that in the utility with an auditor, and the
intersection occurs at a lower «. Therefore, the region of optimality of a
supervisor expands out.

From this discussion, we conclude that auditing is optimal when the
punishment instrument is strong, and supervising is optimal when the
supervisor’s information is very informative about the agent’s type and
a punishment instrument (to be used if an anditor is hired) is weak or
difficult to enforce.

These results are consistent with typical organizational structures,
in which top-level managers (such as CEOs or top-level managers, who
typically are able to respond to fines up to some level) are exposed to
audits, while low-level workers (typically with lower incomes or protected
by minimum wages) are supervised during production stage. Moreover,

18 rpeqs . . . .
> This result applies to the case in which the agent still earns some rent when

audited (i.e., parameters are such o] > 1 in equation (7)), and for ¢ < 1/(1 4- R).

11
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screening is a bhetter instrument when the court’s response to complaints
is lengthy or very uncertain (and, of course, costlier).

On another line of research, the literature on incentive regulation
(Laffont and Tirole (1993) and others) has studied ex ante and ex post
regulation separately. The theoretical framework in this paper nests both
stages of regulations, formalizing determinants of the timing choice, such
as punishment instruments, enforceability and accuracy ol information.

Finally. the Law and Economics literature (see Shavell (1993), Kolstad
et al. (1990)) has studied the optimal regulatory stage of activities that
generate externalities with a benevolent regulator. In this paper, we pro-
vide a conceptual agency-based framework to explain the implications of
regulatory timing on the society welfare. Consider, for example, the case
of a hazardous activity with “disastrous” consecuences. From Theorem
1. and in accordance with the standard recommendation. the government
should put all the efforts in ex ante regulation whenever the liability faced
by the injurer is low (as it is the case when the bad outcome involves irre-
mediable consequences).!¥ Ex post regulation is recommended when the
injurer can be strongly punished.

5. Conclusion and Extensions

In this paper we study the case of one-time monitoring in hierarchies.
We provide insights on the optimality to the principal of using monitor-
ing timing as a choice variable. Previous literature on the principal-agent
model has analyzed both monitoring cases separately. while the literature
on Law and Economics has studied the timing of legal intervention. We
show that in cases where the timing choice is indeed relevant. the princi-
pal faces a trade-off in the monitoring decision (an early report provides

Y For example, Cohen (1987) , pp. 45-46. shows estimates of very low penalties

compared to the environmental damage done by oil spills.
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some flexibility in contracting, while a later report can be used to punish
the agent). and provide the solution to this trade-off. An auditor is op-
timal when the principal can expose the agent to severe fines. When the
punishment is weak or difficult to enforce, the timing choice depends on
the monitor’s sighal accuracy. In this case, the principal chooses a super-
visor when his signal is informative of the agent’s type. and an auditor
otherwise.

The literature on collusion (Tirole (1986, 1992), Kofman and Lawarrée
(1993). Baliga (1999). Faure Grimaud et al. (1999)) analyzes the effects
of collusion on the principal’s contract design, and then it is important
to know how the timing choice is affected when both monitor and agent
can collude. In a work in progress, we analyze the monitoring timing
problem under different collusion environments, related to the degree of
information manipulation, which depends on whether information is hard
but non-forgeable, hard and forgeable or soft (see Cont (2003)). This
issue becomes relevant here. since the incentives to collude are different
depending on the monitoring timing. Under ex ante monitoring an agent
has incentives to collude with the supervisor to hide or misreport his
signal in order to keep the information rents. On the other hand, under
ex post monitoring. the agent has an incentive to collude with the auditor
to avoid being punishment. An additional trade-off arises here.

In this paper we assume that the principal has to decide between ex
ante or ex post monitoring. However, when the principal has access to
hoth monitors who are not related and do not share information, there
is no reason for the principal not to choose both monitors if gathering

0

information is costles An interesting extension is to consider that the

2 r . .
20 There has been some progress along these lines (with a benevolent regulatory
O (=1 o
agency). For example, Kolstad et al. (1990) show that ex ante and ex post regulation
may be complements depending on the injurer’s uncertainty of his potential liability.
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principal may want to hire both monitors. and allow for costly collec-
tion of signals, or information sharing and collusion between monitors
(in the same lines as those mentioned in the previous paragraph). Under
these circumstances. the principal may find optimal to discard one of the
monitors.

Corollary 2 introduces a more general question of strategic timing. In
our framework. the principal optimally chooses to delay the monitoring
to later stages when she hires an auditor (in particular. when effort mon-
itoring is not available). This result is a case of strategic timing, since
under some circumstances the principal delays the gathering of relevant
information that is available in the beginning of the game. Along these
lines. there is a broader question that has to do with strategic contract-
ing. Theoretical models assume that grand contracts are designed at the
beginning of a general game. By constraining the set of decisions at some
period of the game. the parties may get some henefit at later stages. For
example, in a paper on collusion and delegation. Laffont and Martimort
(1998) show that a principal finds profitable to delegate to the supervisor
the direct contracting with an agent.

Finally. a new line of research is under project. The intuition in this

paper extends to the stage of control (il necessary) of competing firms,

where regulation (interpreted as ex ante control) and competition policy
(which triggers after some incorrect behavior is detected) interact with
each other. This discussion has gained room in new markets (such as
the Internet) where there are many providers (multiple agents), countries
(multiple principals) and regulators involved. For example, ex post con-
trol (competition policy) may be optimal when it is difficult to coordinate
or organize interaction among the agents (see Laffont and Tirole (2000)).
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Appendix
Proof of Proposition 2: When the principal hires an honest and cost-
less anditor. she pays w” == 0 for r € {0. L. H}. Constraint [C(L) is
non-binding when the others are satisfied. The Lagrangian to problem

(6) is

L = V—=0+4q{0ye,—0)+(1—¢q) {()L(,-,, — 1 {(1 — )"+ p(l - u);”]}

&2

3 2ZAH
FooA3 {//, — % — 1 [(] — /))z”} 4 pa;”} +- il

¢

N

|

+ A {1‘, - [(1 =) 4 p(1 - ('L)zﬁ] -

2 2

The Kulin-Tucker conditions are

L‘,é.h =qllg — (Ao )\3) epn <0, e, >0, L, en =0

Lo, =0—=—)0L— (M —=XA0G <0, ¢ 20 Lyep=0

L"’h = =4 - A:}_ -+ )\3 _<_ 0. t], Z 0. ['I,)ylli =0

L, ==(1—q)+ 2 — A =<0. fr >0, Lyl =0
Lo = (I—=q)=A +X=0:if Lo <0, " =000 Lo>0. 2" =z
Ln = (1=l —a)= {1 —a)+Aq -0 .

it L <0, =0 if L.g >0, Az

together with the participation, incentive compatibility and lability con-
straints. The solution involves positive ¢; and ¢;,. From the participation

constraints. #; and 1, are both positive. Then £, = £;, = 0. which
implies that the type-Op; agent exerts first-best effort ¢, = 0. Also.

Lo, = Ly = 0and
(1 =)0 = [A = AAd] ¢ (9)
(I-q) = =X (10)
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Using (10), L.o = 0 and hence ¥ = =z without loss of generality. Also,
L.n = A(20 — 1) > 0 and then =% = = This is a maximum deterrence
result (see Baron and Besanko (1984)). Next we consider the three possi-
ble cases for the relationship between IC(H) and IR(H) (from (5)): either
of them or both of them are binding.

Case 1: Ay = Oand A3 = ¢. IR(H) is non-binding and IC(H) is binding.
Using equations (9) and (10), ¢; = (1—¢)0,./ [(1 — ¢) -+ ¢R]. Using the IR
and IC constraints. t; = 2 /2 (1—pa)z. t), = 0% /242 R/2—p(2a —1)z.
This is the solution if IR(I1) is non-binding (i.e.. (7 R/2 > p(2c — 1)z).
which is satisfied for a < a?. where

2n2
w1, __O-0PoR )
2 dpz[(T=q) +qltf

Casc 2: Ay = gand Ay = 0. IR(H) is binding and 1C(H) is non-binding.
Using (10} in (9) we have ¢; = 0. Irom the 1C and IR constraints.
tr=07/24 (1= pa)z, ) = 6%/2, and IC(H) must hold as inequality (i.e.
03 R/2 < p(2a — 1)), which is satisfied for o > a3, where

1 0iIR
— 4 s 2
2 + Ipz _ (12)

Lk
Cky ==

Case 3: Both Ay and Az are non-negative (and both less than or equal
to ¢). Using IR and 1C constraints, the type-y agent’s rent must be zero,
i, 7 R/2 = p(2a — 1)z Hence, ¢; = /2p(2a — 1)z/R. Using equations
(9) and (10), Az = (1 — ¢)(0r/es— 1) /R. The agent compensation is
t = /2 + (1 = pa)z and 1), = #7;/2. The Lagrangian is concave since
it is linear in compensations and punishments, there are no cross terms
among them and efforts, and the sccond derivative with respect to effort
is negative. The summary of effort and compensations is presented in

equations (7)-(R). Q.1D.
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Proof of Theorem 1: Deline Uy = V —0 +q— - On the one hand, the
principal’s utility with a supervisor is

EOS = 1 (1 —¢°07, { / pa’ | p(l —a)? n | —p }

’ 2 (l=@od gl —a)l - (I—=gi(t=a)tgoR {1 —q) FyR
(13)
where ];“[,7;, is increasing and convex in . On the other hand. the
principal’s utility with an anditor is

. (1 — 202 , LA ) . .
! T‘—‘—’—_(%*—](]T‘! +ogp(20 — Dz = EUptt oy gp20 — Lz il o <ol
]‘{1} = /‘2){))— 1 (20 — 1)z
U4 (1 =q) \1 s I ) 05 — pee % - ifa7 <a <aoaj
! U i
[;‘(7[:“ if o > 05

(14
where at is from (11). af is from U NV g equation and [0 1 B
I s Gty 1
is equation (1), The first part of Thh lmht\ function is increasing and
linear in o, 1he second part is concave and the last part is constant. Dy
<:('>n%11'11<-1i()11 the prin('ipal's‘ ntility is ('(')lll'lllll()lH in all parameters.
Ifz=0 LUp = N M owhile FUS > EU “’”. On the other hand.
1
\\]1@11 z 1s very 111011 ]’( [, > Ll/,, or all a. So. 101 intermediate values o[
LU D D intersects U /, at some (111 off value o such that Ll/,) > BUY [7
i()l a < o and BUS < EUS for o > of. This intersection must
: 1 [
happen when effort is distorted or the agent recelves some positive rent
I 2
when audited (that is, cases 1 or 2 in the Proof of Proposition 2).
When the intersection exists, il z increases given a value ol «, EU}'—%

lb) while ]gl/p remains the same. There-

increases (until 1( wa(h(*a El

fore the cut-off a® increases in z (implving that aunditing is optimal for
. . . op . . N 9 .

a broader range of the signal informativeness (1/2.a%1).2! In particular,

there exists a critical liability bound £ (which corresponds to the punish-

2 - . . . . . 4Bl
2L We prove this result assuming that the intersection exists. The more general
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ment z for which o = 1) such that LUR > FUS for all o when = > Z.

O.F.D.

Proof of Result 1: The region of optimality of a supervisor expands
ont as adverse sclection is more severe (i.e., I? increases. caused by an
increase in ). The proof is done assuniing that parameters are such
that o} > 1 (from equation (11)) and ¢ < 1/(1 4 R). We show that U3
decreases less than /(,1 does as R increases. When this is the case. the
new cut-ofl & corresponds to a lower value of a (keeping all the other
parameters fixed). Irom equations (13) and (14). eliminate the common
parts Up and (1 — (/)2//',2’ /2 to get that

17, < ])(12 (1= ”>2 1—9p

aR (1 —q¢)a +q(1 —a)iR ! (1 —g)(1 —a)+qaR ! (1—q)+qR

%) | )
7R (m S qm> (15)

which. after several steps (omitted for convenicnce). simplifies to

all —a) {{2 ((\2 (1= ”)2*) — a1 —n)} (1 —¢) [n (I=a)y—a’= (- 0)3} (]31{3}

4 [r)’ (=) #2270 —=a) — o (1 ~())] (1 —¢)qlt>0

The first term within {1} is non-negative and the second term is non-
positive. The last term is non-positive. But note that (1 —¢)?¢RR > 313
and (1—¢)* > ¢*R? when ¢ < 1/(1 - R). and that the sum of all brackets
simmplifies to (1-2a)? > 0. for o > 1/2. Hence, inequality (15) s satisfied.

O.1.D.

. r F- . . . . .
result is that the cut-off o™ is non-decreasing in z. which corresponds to including the
case of no intersection. This gencralization holds throughout the proof.
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Figure 1: Effort as a Tunction of Supervisor’s Signal Accuracy (o).
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Iigure 2: Principal’s Fxpected Utility as a Function of Supervisor’s
Signal Accuracy {a).
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Figure 3: Effort as a Function of Auditor’s Signal Accuracy ()
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Figure 4: Principal’s Expected Utility as a Function of Auditor’s

Signal Accuracy (a).
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Figure 5 Optimal Monitoring Timing,
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ON MONITORING TIMING IN HIERARCHIES
WALTER CONT
RESUMEN

Clasificacion JEL: D82, 1.23.

Este paper muestra que en un modelo principal-monitor-agente el prinei-
pal enfrenta un trade-off al clegir el momento en el cual monitorear al agente,
Una setial obtenida por un 1monitor ex ante (supervisor) provee flexibilidad en
la contratacion con el agente (dado que se puede contratar ¢l producto v las
remuneraciones basados en esta senal), mientras que una senal obtenida por un
monttor ex post (auditor) puede ser utilizada para penalizar al agente. Este tra-
bajo muestra que auditar al agente es dptimo para el principal si (i) éste puede
implententar y hacer cumpliv esquemas de penalizacién o si {ii) Jos instrumentos
de penalizacién no son suficientemente disuasores sicmpre v cuando la sefial del
monitor sea poco informativa de la caracteristica del agente. De otra manera,
resulta optimo supervisar al agente.

ON MONITORING TIMING IN HIERARCHIES
WALTER CONT
SUMMARY

JEL Classification: D32, 1.23.

In a principal-monitor-agent model we show that the principal’s choice of
the timing to monitor the agent presents a trade-off. On the one hand, a signal
from an ex ante monitor (supervisor) provides flexibility in contracting (since
both output and wages can be contracted on this signal). On the other hand,
a signal from an ex post monitor (auditor) can be used to punish the agent.
Auditing is optimal when (i) strong punishment schemes can be implemented
and enforced by courts or (i) when punishment instruments are not expected

to be strong and the monitor's signal is noisy. Supervising is optimal otherwise.



