


To see that there is no gain to monitoring for reports that lead to a no-monitoring interim
payment vo(é) > 044, note that monitoring at 0 doesn’t relax any types incentive constraint.
Then, note that since every type 8 > 6* must receive a payoff of at least U(T(é — 6%)), and
the cheapest way to deliver a given payoff y is to set consumption equal to u~!(y(#)) and not
monitor. This result also is very similar to what we saw with commitment among reports
that didn’t lead to monitoring. Q.E.D.

Consider reports which don’t lead to monitoring, m(@) = 0, in which case, the derivative
with respect to the reporting probability simplifies to

0 N

Sy~ 00 O0p(6) = as(6.0) [u(eo0,0) — u(za(8,6))

Yag [m(0))u(zo(8,0))] p(6) + aro(d) [vl(é, 8) — vo(0) — ¢] p(0)90 + ar, (8, 0).

If m(#) = 0 as well, then xo(6, 6) = 20(f, #) from the combined implications of the incentive
and the equal utility constraints. It then follows that there are no gains from misreporting
at 0 since it is efficient to set v1(6, ) = vy(f) and thereby satisfy the monitoring incentive

constraint (which implies that a;(6) = 0).

2.2.3 Nice Contract

In this section we show that the efficient arrangement can be supported with a contract in
which the interim payment resembles debt and the final payment resembles equity equity.
We will say that the efficient contract resembles debt and equity if the following properties
hold:

A. for reports that can trigger monitoring, everything is taken, or v;(0,0) = 6 + & and
vo(0) > 6 if m(0) > 0.8

B. for high enough reports that do not trigger monitoring, a constant amount is taken

which is weakly larger than that what can trigger monitoring, or vy(#) = 6* +§ >
max {9 - m(0) > 0} +9.

We will construct this alternative solution through a series of propositions. In doing so, we
will need to use a message space that is larger than the type space. This message space will

include both the manager’s type and a suggested monitoring probability.

8Note that the liquid funds may not be paid out if monitoring doesn’t occur in order to augment the
incentive to monitor. Just as in the case with deterministic monitoring, if negative reports = — are

allowed, then we get that vo( )= + ifm( )>0:
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Note that we have already established the following properties: (i) vy(6,6) = 6 + 6 or
it doesn’t effect the solution, (ii) if we order reports by their implied no-monitoring interim
payments vo(é), then there is a cutoff interim payment such that monitoring only occurs for
payments below a certain threshold and doesn’t for payments above that threshold, and (iii)
that it is efficient to have this threshold given by 0" +4, where 0* is the smallest output report
for which there is not monitoring. So all that we need to do here is to establish property A.

In the next proposition we will construct an alternative mechanism in which we always
take everything that the manager says he has if we monitor with positive probability. Just
as in the deterministic case, this will involve allowing for negative output reports.

To understand this proposition, consider the following simple example. Consider two
output types, # = 10 and # = 15, and assume that their reported outputs, monitoring levels
and interim payment if not monitored were as given in the table labeled original mechanism.
Assume for simplicity that 6 = 0. We want to construct a new mechanism in which both
of these types report as their output the amount of their interim payment if not monitored.
However, this amount is the same despite the fact that they are being monitored with
different probabilities. So, to achieve the same outcome as before, under the new mechanism
we simply have them report both the amount of their interim payment if not monitored and
a suggested monitoring probability. Note that the scope of deviations is unchanged since
lying about one’s suggested monitoring probability is equivalent to reporting 10 instead of 7

under the original mechanism (or vice versa).

ORIGINAL MECHANISM

6 |10 |15
w |7 10
m|1/2]1/4
vo | D 5

NEW MECHANISM
0 |10 15

w | (5,1/2) | (5,1/4)
m | 1/2 1/4
Vo 5 5!

We will denote the new message space by () and a generic message by w. Let ) = O x II

where

(:):@U{H':vd@)—éz@'forsomeée@},
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and

11 = {7r € [0,1] : m(h) = « for some 0 € @} u{0,1}.

Consistent with our prior notation, a reporting strategy r is a probability distribution over
), which we denote by r € A (Q) x ©, where r(w, 0) is the probability that a manager of
type 6 makes a report w. We will denote by @(w) the output level in the report w and by

7(w) the suggested monitoring level.

Proposition 2.6. Given any solution to this problem, one can construct an equivalent so-
lution in which vo(w) = O(w) + 6 if m((w)) > 0.

Proof: See the Appendix.

Given this result, we will henceforth work with the alternative constructed solution in
which the amount taken when there is no monitoring is equal to the reported output level,
or vp(w) = 9(w) + 0, and managers not only report their output level but make a suggestion
as to their monitoring probability. Note that in our constructed alternative solution, for all
messages made with positive probability, m(w) = #(w). Also, r(w, ) = 0 for all #(w) > 6
that is, managers only misreport down.

We next show that taking everything when monitoring occurs is efficient by constructing
an alternative to our alternative solution in which this is the case. We have already shown
that in the original contract if either the monitoring inventive constraint binds at report 0,
or renegotiation proofness constraint binds for type 6 making report 0, then vl(é, 0) =60+9,
and hence v1(0,0) < 6 + 0 only if it doesn’t effect the value of the solution. So this is a
fairly limited result, and but it does make clear that the efficient arrangement can have this
feature everywhere that monitoring takes place with positive probability.

The logic of the argument here is essentially the same as in Lemma 1. To understand
what is happening it is useful to consider the following simple example. In this example, we
will assume that ¢ = 2.5 and 6 = 0. The example considers two types, § = 5 and § = 15
who are both reporting w = (5,1/2) under the new mechanism constructed above. However,
v1 [(5,1/2),15] = 10, which is less than the total output of this type. This interim payment
in the case of monitoring cannot simply be adjusted up however, since doing so would raise
the expected payoff from monitoring to be above ¢ = 2.5, and hence give the monitors an
incentive to monitor with probability one. To prevent this, we spit this type into two groups,
rasing the first groups interim payment and having the second group make a different report.
This change is illustrated in the second table labeled new new mechanism. The key to note
here is that both for the message (5,1/2) and the message (15-2.5,1/2), the expected payoff
from monitoring is ¢ since (.1667 % 10)/(.1667 + .5) = 2.5 and that this division of § = 15
group originally reporting(5,1/2) is feasible since .1667 4 .3333 = .5.
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NEW MECHANISM

0 |5 15

w | (5,1/2) | (5,1/2)

# | 1/2 1/2

v |5 10

NEW NEW MECHANISM

0 |5 15 15
w | (5,1/2) | (5,1/2) | (15-2.5,1/2)
# [ 1/2 1667 | 0.3333
v |5 15 15

Proposition 2.7. Given an alternative solution to this problem constructed along the lines
of proposition 2.6, in which vo(w) = 9(@«)) + 0, there is an equivalent solution in which
v1(w,0) =0+ 0 for allw s.t. m(w) > 0.

Proof: See the Appendix.

3 Concluding Comments

We have considered a simple model of a firm which hires a manager to produce output
subject to a long-run agency friction and a short-run information friction. We have allowed
for stochastic monitoring because of its ability to efficiently economize on the extent of
monitoring to induce the correct incentives on reporting. However, because monitoring is
ex post inefficient, we have required it to be self-enforcing. We have shown that an efficient
contract with self-enforcing monitoring shares has many of the features of standard debt
and equity claims. First, the intermediate payment has a debt like characteristic in which
everything is taken when monitoring occurs, and that it is efficient to have a flat payment
equal to the highest report that can trigger monitoring with positive probability for reports so
high that monitoring will not occur. However, unlike the case with deterministic monitoring,
stochastic monitoring by its very nature features debt forgiveness as one of its primary
features; that is, the failure to pay the face value of the debt does not automatically trigger
monitoring. Also, unlike the commitment case, misreporting plays an important role in
sustaining monitoring. It is only the expectation of misreports of lower output levels by the
manager that induces the monitors to monitor since under the efficient contract all of the
reported output is collected if it is below a threshold level. Finally, we have shown that
complete separation of claims is efficient when monitoring is self-enforcing. This provides a

rationale for the unbundling of the debt and equity payments coming out of the firm.
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While we have generated these results within a one period model, it is relatively straight-
forward to show that a dynamic version of this model will also have these features. AC
showed that their model, in which there was commitment by the principal and deterministic
monitoring, preserved the debt and payment features described here when one considered
an infinitely repeated version of their environment. The key to their result was that their

information friction is temporary, as it is here.
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4 Appendix

Proof of Proposition 2.3: We first form the Lagrangian, which we formulate in terms of
choosing the monitoring probabilities m () and the utility level of the manager y(6) to yield

a convex constraint set.

0= C(y(8) = m(O)] + A [y(6) — Ui
L=3"1 Y5,06.0) [y(6) - < m@)u(r [0-0))]|p@ spe). (19
’ (1= m(8) + " (O)m())

where C'(z) = u~!(x), A\ is the multiplier on the promise keeping constraint, (8, é) is the
multiplier on the incentive constraint (18) with respect to the deviation of reporting 0 given
a realization 0, and x () and x () are the multipliers on the zero and one bounds on m(6).

The first-order conditions for this problem are

= A+ _6(6,0)p(0) (20)

v =Y 50, 0)u(r(0' — 0))p(6') — xT(0) + x(0). (21)

Condition (20) implies that if constraint (18) doesn’t bind, then y(0) = 4, and moreover that
y(0) > u for all f. In terms of the compensation of the manager, this implies that w(f) = @
when the incentive constraint doesn’t bind, where w = C(@). To see that if the constraint
binds at #; and if 0 > 6, then it binds at 3, and moreover that w(f;) < w(f3), note that
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(1—=m(0))u(r [(9 - é]) is strictly increasing in 6, which implies that y(f3) > y(6;), and hence

w(fz) = C(y(02)) > C(y(61)) = w(bh)

which this proves (1).

To prove (2), note that condition (21) implies that if m(6) > 0, then it must be the case
that 5(9,6) > 0 for some 6 > 0, or in other words that deviating and reporting 6 binds
on some type 0. This result implies that if we take y(0) as given, and define for each 6 the

probabilities of monitoring such that deviating is not weakly preferred, ’/Te(é), as follows

- max{(),l— y(6)_ }if§<0

7(0) = u(r[0-0]) , (22)

0 0.W.

then, efficiency implies that m(6) = maxz{x?()}. In other words, the probability of monitor-
ing is positive only if it binds for some type. (Note that by filling in the required probabilities
with zeros we removed the need to shrink the type space that could deviate to # as 6 in-
creased.) The function 7%(f) is weakly decreasing in  for fixed 6, and the sup over a set of
weakly decreasing functions is weakly decreasing.

To prove (3), note first that y(0) > 4 = u(w) > 0. Then note that (1—m(0))u (7’ [0 - é]) <
(1 — m(0))u(r(sup(d)), and that since u(7(max(f)) is finite, the rhs goes to zero as m(6)
goes to one. Hence, m(#) < 1 for all 6.

To prove that m is strictly decreasing in the interior when 6 has finite upper support,
assume that the reverse was true. That is, assume that for 6 € [0, 05], m(0) = a, where
0 <a<1and 6y —60; > 0. Then, note that since for all finite 0> 0+,

(1 —a)u(r [é — 6’1]) > (1 —a)u(r [é — min(f,, «9)] ),

which implies that 0 strictly prefers to report min(fq, #) over 6,, and this contracts our earlier
result that monitoring is only positive if it binds for some type, since monitoring is positive
at #; and it does not bind there.

To prove (iv), note that the incentive constraint (18) implies that if @ > 7(0 — f), then
deviating and making a report of 6 can only lower the payoff of the manager. Hence, for all
6 such that 7(sup(©) — 6) < w, monitoring is unnecessary and will optimally be set to zero.
Note that since w(#) > w, the interval over which m(f) = 0, may be substantially larger
than this simple bound would imply. Q.E.D.

Proof of Proposition 2.6: Starting from any solution to the contracting problem above, we
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can construct an alternative mechanism {Q, Vi, Tiy M, T } which supports the same outcome

and in which

A

oA ([UO(@) - 5,m(é)]) — vo().

To do this we treat a manager who has reported [vo(é) -9, m(é’)] as if he had reported 6.
We do this first by setting
Bo(w) = O(w) + 6 Yw € Q.

Then, we require that for all § € O,

7 ( [vo(é) . 5,m(é)] .0) = v1(0,9),

and that

This determines all of the outcomes for all messages which are suppose to occur with positive

probability; that is, for all
we= {w' € Q:v(0) — 6 = O(w') and 7 (w') = m(f) for some 0 € @} :

Note that if we restrict ourselves to w € ﬁ, then in each of these outcomes, all of our

conditions must be satisfied since they were satisfied in the original problem.

For all w ¢ ﬁ, we need to ensure that no manager makes such a report, and, if @(w) #40,
that no manager will ever want to make such a report. To ensure that, we simply require
that

7(w,0) =0,
m(w) =1,
U1(w,0) =0+,

and

0 o.w.

Fi(w,0) = { 2(6,0) if 6(w) =0

Note that for all w ¢ Q, no one is making these reports with positive probability and hence
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we are free to assign beliefs to the monitor so as to ensure any desired degree of monitoring.
Since 7p(w) = O(w) + 6 and we set y(w,0) = 6 + §, we can set consumption as low as
possible for anyone who reports w ¢ Q, and for whom the output report is not correct.
There are many ways to set Z;(w,f) since anything between 0 and the truth-telling level
x(6,0) will suffice. We have chosen somewhat arbitrarily to preserve the quality that telling
the truth about one’s output is a best response (irrespective of the recommended level of
monitoring).Q).E.D.

Proof of Proposition 2.7: The basic idea of the proof is that if v1(w,0) < 6 + § and
(w) > 0, then we can take some of the managers who are reporting w and for whom
0+ 0 — vo(w,0) > ¢, and reassign them to report [0 — ¢, T(w)]. At this reassigned output
level, we can set v; = 6 + 0 while vg = 0 + 6 — ¢. Hence, v; — vy = ¢ and the monitoring
self-enforcing constraint will still be satisfied with the inclusion of these types for a report of
[0 — ¢, 7(w)]. There is one special case that we have to deal with in which vy (w, 0) —0(w) = ¢
for all the managers making the report of w with positive probability. In what follows assume
that 7(w) > 0 for all the signals we consider.

First, consider the special case of an w such that (i) for all # such that r(w,6) > 0, then
v1(w, 0) —B(w) — 8 = ¢, and (ii) for some 0 : (w,d') > 0, and vy (w,d') < ' 40. Then, we can
simply have 6 report [0' — ¢, 7(w)] and set v ([0’ — ¢, 7(w)]) = 6"+ 4. Note that this will not
effect monitoring incentive constraint at either report w or report [’ — ¢, #(w)], and that
this change in reporting relaxes the no-perks constraints on xy and z; but otherwise leaves
the objective function unchanged, while satisfying all of the constraints. Hence, it must be
weakly efficient.

Next, assume that there exists a 6" such that r(w,0') > 0, and v;(w,0’) < 0’ + § and a
0" : r(w,0”) > 0, and vy (w,0”) — O(w) > ¢. Note that it could be that ¢’ = 6. Then, raise
v1(w, ') towards 6’ + &, while offsetting the impact on the

S~ { [ )~ b(w) = 8] 6} r(w, 0)0(6)

by lowering r(w, #”) and assigning the released reporting probability for type 6” by assigning
it to report [07 — ¢, w(w)], where v1(0” — ¢, w(w),0”) = 6" + 9. Just as before, this change in
reporting relaxes the no-perks constraint on z;(w, '), z1(w,6”) and on zg(w,#”) but other-
wise leaves the objective function unchanged, while satisfying all of the constraints including
in particular the monitor incentive constraint. If the probability of type 6” reporting w is
exhausted before v;(w, §') is raised to ¢, simply find another §” and continue the process.
Finally, note that if the incentive constraint could be satisfied under message w with

monitoring probability m(w), then it can be satisfied for the message (0" — ¢, m(w)) since
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amount being paid out when monitoring does not occur is higher. and we are free to set the
consumption level of types who are not suppose to make this report to zero when monitoring

occurs. Hence, the incentive constraint holds strictly. Q.E.D.
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