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Abstract

The paper compares the optimal financial contracts of a firm which has private information over its expost
revenues when the finance can be provided by a single or by two groups investors. Costly monitoring can be
carried out only by one group of investors. When they are the only investors we use a financial contract with
non-contractible monitoring, in which the probabilities of cheating by the entrepreneur/firm and monitoring by
investors are mutual best responses. The contract is written by the entrepreneur knowing that this equilibrium
will subsequently occur. With a second group of investors who have no monitoring rights, cheating and
monitoring probabilities are chosen in a similar way. The non monitoring investors learn the results of any
monitoring for free. A main result is that without commitment there is a negative correlation between
repayments to the two investor groups: the contract uses the non-monitoring group to smooth out the repayments
of the entrepreneur optimally. This reduces his incentive to make false reports and mitigates the investor's
incentive to monitor. A second result is that the two investor scenario is Pareto superior to the single investor
model. A third result is that the possible extent of this smoothing depends on whether the investors have limited
liability; it is found that in some circumstances investors should make repayments to the firm rather than receive
them. A further result is that, by restricting to offers coming from the informed party, the three party contract is
collusion-proof and renegotiation-proof. Last we show that under limited liability the share of finance provided
by the two investors is strictly positive.
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Introduction

The costly state verification literature (Townsend [23], Gale and Hellwig [8])
models the form of loan contract when there are ex-post asymmetry of infor-
mation and auditing possibilities. In circumstances where the contract can
commit the lender to verify particular reported states, the revelation principle
is applicable and the optimal contract will involve truth telling. But typically
such verification is not optimal for the lender ex-post (Bolton and Scharfstein
[3]) so that such contracts will never be carried out unless there is some addi-
tional mechanism for ensuring that the contract is implemented such as a third
party (Dewatripont [6]) or a multi-period structure (Gale and Hellwig [9]). This
is true for both deterministic verification schemes and randomised verification
schemes as in Mookherjee and Png [20], Lacker and Weinberg [16]. In response
to this several authors have considered the nature of optimal contracts with-
out commitment, either imposing a sequential rationality constraint to ensure
that the lender will actually perform the stipulated monitoring (Jost [10]), or
removing monitoring from the contract problem leaving it to be determined
non-cooperatively at the second stage. Here the contract problem is solved by
backward induction (Datta [5], Khalil [11], Khalil and Parigi [13], Choe [4]) and
generally randomised behaviour is optimal at the ex-post stage. However none
of these papers take account of the problem that ex-post once the firm realises
its revenue, either the firm or either group of investors can propose a change
in the terms of the contract (changing the repayments) to avoid the monitoring
costs. With just a single investor group Krasa and Villamil [15] show that under
some circumstances a particular standard debt contract is renegotiation proof.

The literature is in the context of two parties: the firm which is privately
informed ex-post about its revenues and a single investor. After the contract has
been offered by the firm and accepted by the investor, the firm’s revenues are
realised and observed only by the firm. Then the firm and the investor simul-
taneously decide their cheating and monitoring strategies which are generally
mixed in this environment.

Of course typically firms have multiple investors. Formal contract theory
with three parties either looks at a single principal contracting with two agents
and largely considers questions of organisational design (for example the merits
of hierarchical organisations are discussed by Melamud, Mookherjee and Re-
ichelstein [19]; Baron and Besanko [2]) or, with two principals and a single
agent, looks at issues of collusion and the merits of maintaining a separation
between the two principals to avoid capture (Martimort [18]; Laffont and Marti-
mort [17]). These papers do not consider the specific circumstance of a firm with
privately observed random revenues, which is acting as agent to various groups
of shareholders. Generally they also do not allow for the auditing possibilities
that are open to different groups of shareholders.

In this paper we consider a risk neutral firm requiring fixed funding by two
risk neutral investors to finance an investment project, whose outcome is the
firm’s private information. Of the two investors, only one has the possibility
of costly monitoring the revenues of the firm. The results of any audit by this



investor are made public, so the second non-monitoring investor learns the state
of the firm for free. We also suppose that the participation constraints are ex-
ante. We then compare the outcomes for the three-party contract with those
of a bilateral investor firm contract, which have already been derived by Khalil
and Parigi [13] (K&P henceforth).

Our main results are:

i. having two investors is socially preferable to having a single investor;

ii. maximum punishment for audited false reports is generally desirable in both
scenarios (this is consistent with Baron and Besanko [1]);

iii. with relatively low observation cost, the contract without commitment in-
volves both randomised verification by investors and randomised cheating
by the firm; payments by the firm are set to give the firm zero profit in
the bad state of the world but rent in the good state; payments by the firm
to the two investors are negatively correlated in the sense that in the high
state the monitoring investor receives more and the non monitoring in-
vestor less than in the low state. The intuition for these results is that the
second investor can be used by the firm to reduce the variance of the firms
resources across states. This reduced variance mitigates the incentive for
the firm to cheat in the high state as well as the incentive to monitor by
the auditing group of investors. On both these accounts, the expected
level of monitoring costs is reduced by the presence of the second investor.
Given that the total investment size is fixed, the deviation from the first
best outcome is just the saving in expected monitoring cost induced by
the reduction in the probability of monitoring, and so the two investor
case dominates the single investor case.

iv. one problem with the K-P solution concept is that it does not allow for
an agreement to a change in the terms of the contract once the firm has
learned its true revenue state. If the firm knows it has high revenue it could
propose a deal to the monitor to share the gain from not monitoring. If we
assume that only the firm can make renegotiation offers, the two-investor
contract is both collusion-proof and renegotiation-proof.

The plan of the paper is to outline the model in section 1; to analyse its
component parts in subsections; in section 2 to derive the various forms of
second best behaviour with a single investor and with two investors; in section 3
to derive the shares of investment provided by each investor; in section 4 to offer
a welfare comparison of the two organisational forms, in section 5 to introduce
collusion and in the last section to conclude.

1 The Model Assumptions

The risk neutral firm requires a fixed investment size D which gives it access
to a technology in which revenues from debt D and state s are given by y =
f(D,s) = fs with s € {H, L} and fyg > fr. State s occurs with probability p.



Investors are risk neutral and have access either to the debt contract of the
firm or to a safe interest rate of 7 — 1. The debt of the firm D pays a return of R,
to the monitoring investor and Ps to the non monitoring investor, depending on
the state and on whether it is audited. We do not impose any sign restrictions on
R, Ps. In principle investors could receive a negative payment from the firm in
one of the states so long as overall each group of investors earns a zero expected
profit from the contract. The debt thus has the form of equity with unlimited
liability. We do require the firm to be solvent in each state: f;—Rs;—Ps > 0. The
total investment is shared between the two investor groups with the monitoring
investor providing a share a of it and the non monitoring investor providing
(1 — ). When there is asymmetric information, the monitoring investor can
choose to audit any state report of the firm; and, if she does so, she must pay an
observation cost of ¢. We allow the monitoring investor to randomly monitor
with an endogenous probability m. Investment has to be applied before the
random revenue of the firm is known and payments to investors are made once
the uncertainty has been realised. If it is found that the firm has falsely declared
a low state of revenue instead of a high true state then, as well as paying the
returns due in the high state, it is punished by paying an amount that is specified
in the contract to the monitoring investors.

We assume that the fixed financing requirement is such that f; < rD; other-
wise the firm could just pay a constant repayment to the investors in each state
s and meet their participation constraints, have no reporting incentive prob-
lem and face no monitoring. Under this assumption, the second best contract
will require either Ry or Py to vary by state, which in turn induces incentive
constraints on the firm and on the monitoring investor.

2 The Second Best Contract

2.1 The No Commitment Contract With One Investor

This case has been analysed by K&P [13]; there is a single investor who has
monitoring rights. If the low state occurs the firm declares it and pays R, to
the investor. If the high state occurs the firm can either declare it and pay
Ry to the investor or can falsely declare the low state, in which case it is
monitored with probability m. If monitored and caught cheating the firm pays
Ry = Ry + 6 to the investors, i.e. what she had a right to if a truthful report
had been made, plus the penalty for misreporting; if not monitored, then again
the firm pays Rr.!

Distinguishing between two stages of the game, the time line is the following;:

e Ex-ante stage. At time zero a financial contract is offered by the en-
trepreneur specifying the repayments due in each monitored or non moni-

IK&P allow for the low state repayments to be conditioned on the act of monitoring.
However they show that optimally there is no gain to be had from using this information to
affect repayments.



tored state. At time one production takes place and at time two the state
of nature is realised and observed by the entrepreneur.

e Ex-post stage. At time three the entrepreneur makes a report and the
monitor decides whether to verify the report. These strategies are chosen
as mutual best responses. At time 4, conditional on the reported state
and on the result of monitoring, if any, the relevant transfers are made.

At the ex-post stage the decision variable for the firm is the probability I
with which it falsely declares the low state when the high state has occurred. For
the monitoring investor, the decision variable is the probability m with which
she will audit the firm following a low state report. As standard in models of
this type (e.g. in K&P [13]), we assume that the firm never cheats when the
low state occurs; and the investor never monitors when a high state report is
received:

Erpln = (1-0(fg — Ru) +I[m(fag — Rg — 6) + (1 —m)(fu — Rr)|{1)
Emg|; = m[#ﬁpl(RH-l-(s)+%RL—¢]+(1—m)RL. (2)

[, m are selected as mutual best responses. K&P restrict attention to the case in
which the Nash equilibrium is in mixed strategies and show that this is defined
by:

(1-po .
p(Rg +6— Ry — ¢)’
Ry — R,
Ry +6—Ry’

m =

Then 0 < m < 1 requires Ry + 6 > Ry and Ry > Ry; 0 < [ < 1 requires
Ry + 6 — Ry, — ¢/p > 0. If the investor-firm contract does not satisfy these
conditions, then no interior mixed strategy Nash equilibrium is possible.

Given these Nash equilibrium values for [ and m, K&P solve the following
contract problem: choose R, D to

max p(fg — Ru) + (1 —p)(fr — Rr) (3)
st 7D < p(1 —1)Rg + (1 —p+pl)Ry (4)
foa—Rg—6>0 (5)
fo—Rr >0 (6)
(1-p¢
lip(RH-l—tS—RL—(ﬁ) @)
RH—RL

=4 8
" T Ru+to-Rp )
where (4) is the individual rationality constraint for investors, (5) and (6) are
the feasibility conditions, (7) and (8) are respectively the probability of lying
and the probability of monitoring determined at the ex-post stage.



Under the assumption that pfy + (1 —p)fg — rD — ¢ > 0, it is found that
the optimal contract has the following properties:

e maximum punishment: Ryy = Ry + 6 = fu;

e binding low state feasibility: Ry = fr;

e rent to the firm in the high state:

_rD(fn = fo—¢) = fu(fu = fL)(1 —p)

" p(fa —fL)—¢ Ju
e positive probability of lying by the firm:
jo_(1-po
p(fu—fu—9)

and positive probability of monitoring by the investor:

(rD — fu)(fu — fr —¢)
o(fa — fo) — ol(fa — fr)’

e the expected payoff to the firm is:

1 —p)p(rD — f1)
p(fu —fL)—¢

Ef—rD—(

As expected, the firm’s payoff is below the first best level due to the asym-
metric information. The loss depends on rD — f;, on the level of observation
costs ¢, and on the spread of revenues of the firm between the two states, fg—fr..
We can measure it by the optimal expected observation cost:

o(1 =p)(rD - f1)
p(fa—fo)—¢

We take this contract as a benchmark to measure the impact of the introduction
of the third party into the venture.

m(l —p+pl)p =

2.2 The No Commitment Contract With Two Investors

We assume here that the amount of finance required by the entrepreneur can
be provided by two investors in shares to be determined. Distinguishing again
between two stages of the game, the time line follows the single investor contract
and is only modified by the entrepreneur offering a contract to both investors
and corresponding repayments contingent on the reported monitored or non-
monitored states.

If the low state occurs the firm declares it and pays Ry, Pr, respectively to the
investors. If the high state occurs the firm can either declare it and pay Ry, Py
to the investors or can falsely declare the low state. A low state report can be



monitored with probability m. If monitored and caught cheating the firm pays
Ry = Ry+6, Py respectively to the monitoring and non monitoring investors;
if not monitored, then again the firm pays Ry, Pr.

At the ex-post stage the decision variable for the firm is the probability I
with which it falsely declares the low state when the high state has occurred. For
the monitoring investor the decision variable is the probability m with which
the investor will audit the firm following a low state report. Introducing the
third party will now change the firm’s expected profits conditional on a high
state having occurred (1) in the following way:

Ergg = (1-0(fag — Ry — Pu)+I1m(fug — Rur — Pu) (9)
+(1 = m)(fu — Rr — Pr)]

In line with K&P, we restrict attention to the case in which the Nash equilibrium
is in mixed strategies and show that these are defined by:

) (1-po |
p(Rur — Ry, — )’

Ry + Py — R, — Py,
Ry+6+Py— Ry, — P’

m =

Then 0 < m < 1 requires Ry +6 > Ry and Ry + Pg > Ry, + Pr; 0 <l <1
requires Ry + 6 — Ry, — ¢/p > 0. If the investor-firm contract does not satisfy
these conditions, then no interior mixed strategy Nash equilibrium is possible.

Thus, given a subsequent mixed strategy equilibrium, we can write the con-
tract problem as one of choosing Ry, Ps, a to:

max p(fu — Pu — Ru) + (1 —p)(fr — PL — Ry) (10)
st arD <p(1 — )Ry + (1 —p+pl)Ry (11)
(1—-a)rD < (p—pl+plm)Py + (1 —p+ pl — plm)Pp, (12)
Jm—Pg—Rg—62>0 (13)
fo—=Ry—PL >0 (14)

_ (1-p)o
- p(Rg+6—Rp — ¢) (15)
Ry + Py — R, — Py, (16)

T Rut06+Py—RL—P;

where the constraints have the usual meaning: (11) and (12) are the individ-
ual rationality constraints for the monitor and for the non monitoring investor
respectively, (13) and (14) are the feasibility conditions, (15) and (16) are re-
spectively the probability of lying and the probability of monitoring determined
at the ex-post stage.

The case in which o = 1 is of interest: here the second principal plays
the role of a pure insurance company to the firm; it allows the firm to alter
the distribution of its net revenues across states. We could then think of the



problem as one of optimal information revelation by the firm when it faces
auditing investors and an insurance company. It can defraud both by cheating
but may be punished for this. Similarly we can interpret the case of @ = 0 as
one where parties specialise: one acts as supervisor and one as investor.

We can derive various properties of the optimal contract (the technical details
are in the appendix).

Proposition 1 With a subsequent mized strategy, the optimal contract under
no commitment has:

i. investors getting their reservation utility level;
ii. mazimum punishment: fg — Ry — 6 — Py = 0;

iii. zero rent to the firm in the low state however it reports (fr, = Ry — Pr), but
positive rent in the high state with truthful reports (fg — Ry — Py > 0).

Result (i) is not surprising: since the firm is writing the contract it has no
gain from leaving any rent to either investor: if it did, it could reduce either P
or R in a way that leaves the other constraints preserved.

Maximum punishment reduces the incentive of the firm to cheat and so the
frequency of low state reports and, for given m, the amount of monitoring that
will be undertaken, thus saving on monitoring costs. Put slightly differently,
given that there is a mixed strategy equilibrium, 6 only enters the contract
problem via the participation constraints of the investors through /. Raising the
punishment reduces [ and reduces the impact of the participation constraint.

Binding low state feasibility is a common result in agency problems that
assists in ensuring incentive compatibility.

Given maximum punishment and binding low state feasibility, we can set
Ry + Py = fg — 6, and Ry, = fr, — Pr. Using the monitoring investor partici-
pation constraint to eliminate Ry, the problem reduces to choose Py, Pr and
« to

max pd (17)
st uPg+ (1 —p)Pp,=(1—a)rD (18)
where p = p — pl + plm and

(f — PL —arD)

0=fu—Py—fo+Pr+ o= 1)

We then have:

Theorem 1 Any contract which supports a mized strategy, that has mazximum
punishment and binding low state feasibility has Py < Pr,.

At first sight this seems surprising; it arises because the firm wishes to max-
imise the net return it gets in state H, given that in state L it gets no rent: the



contract requires Ry > Ry in order to preserve the incentive for monitoring;
by itself this then gives an incentive to cheat but this incentive can be reduced
by raising Pp relative to Py. Negative correlation between the returns of the
two investors thus reduces the variance in the firms’ resources. It arises because
the non-monitoring investors get caught up in the incentive problem: partly the
repayments they get affects the incentive compatibility of monitoring; partly
they affect the probability with which the high transfer will be made. The mon-
itoring investor receives a high transfer in the high state, but actually may make
a payment to the firm in the low state. The non monitoring investor receives
a low state return higher than that received in the high state. By making the
payments negatively correlated with the profits of the firm and with the repay-
ments to monitoring investors, the spread in the retained surplus of the firm
between truthfully reported high states and non-monitored false reports of low
states is reduced. By reducing the variability of the net profit received across
states, the firm reduces its incentive to cheat when the high state occurs and
mitigates the investor’s incentive to monitor. Theorem 1 allows us to derive the
following Corollary.

Corollary 1 The equilibrium probabilities of monitoring and lying are lower in
the contract with two investors than in the contract with a single investor.

The proof is in the appendix. There we show that the greater the spread
P, — Py the lower is m, the closer are the marginal rates of substitution of the
firm and the non monitoring investors and the higher is the objective of the firm.
This raises the question of what are the optimal P, and Ry combinations. As
the spread P;, — Py continually rises, m approaches zero but as it does, of course
the mixed strategy form of the second period equilibrium is lost. Also as Py,
gets high, then since low state feasibility is binding, R; becomes negative. This
serves to reduce [ and the incentive of the firm to cheat. With risk neutrality and
no limit on the signs or sizes of payments R, Ps, the feasible set is unbounded
due to the strict inequality m > 0 and there is no optimum: each further increase
in Py, — Py raises the firms objective. Thus there is no optimal solution.

Alternatively we can impose limited liability on investors, e.g. that all re-
payments should be nonnegative. Then, given the negative correlation result
established in Theorem 1, the upper bound on Py, is f; with Ry = 0. Similarly
the lower bound on Py is 0 with Ry; = fg. Hence the optimal contract has
Ry = Py = 0 with a subsequent Nash equilibrium in mixed strategies defined

1-— —fL—90 D
RN o AN | Sl |k FRTO N B .
We use the limited liability solutions to derive the share of investment pro-

= —, m —
p(fa — ¢) fm—fL p(1—1)
vided by each investor and the welfare analysis of the three-party contract.

3 The share o

Suppose that we allow the firm to choose the shares of investment in the contract
by allowing it to set a. We can show that 0 < o < 1.



First suppose @ = 0. Then with limited liability so that optimally Ry = 0,
(11) can be written as:

p(1— DRy > 0.

Since the monitoring investor just needs an expected nonnegative payoff, in fact
the firm can set payoffs equal to zero in each state. This would lead to a pooling
contract where the entrepreneur always lies and there is zero monitoring. As
Py =0 and P;, = fr, P’s participation becomes (1 — p + pl — plm) fr, = rD,
i.e. fr =rD. However this is infeasible as it implies that the firm can afford a
single repayment contract, which we have ruled out by assumption.

An analogous argument applies if &« = 1. In this case it is the non monitoring
investor who exits the contract. With limited liability so that optimally Py = 0
and P;, = fr, (12) can be written as:

(1—=p+pl —plm)fr > 0.

The contract involves then a strictly positive transfer to the third party, which
the firm can avoid by setting a payoff equal to zero in each state and thus
turning the problem into a K&P type of problem. We will however see in the
next section that such a contract is dominated by any other contract which has
a strictly positive. Hence 0 < o < 1.

4 1Is one or two investors best?

To get a direct comparison with the firm’s value function with one investor, we
eliminate « as follows. The reaction curve of the firm, obtained using (9), tells
us that:

—(fu — Ry — Py) +m(fy — Ry — 6 — Pu) + (1 —m)(fu — R — P) = 0.

With maximum punishment, binding low state feasibility and Py = 0,

Ry = fr. + m(fu — fL).

On the other hand from maximum punishment and Py = 0, p6 = p(fy — Ry) =
p(1 —m)(fu — fr). If we sum the reservation constraints for the two investors
we get:

p(L =O(fr +mfu —mfr) —rD+ (1 —p+pl —plm)fr, = 0.

(1-p)o

Solving this for m, given that | = ————— gives:

p(fu —¢)

_ (rD — fo)(fu — ¢)
pfE — fupfu — éfu + frop

m



Putting this in the expected payoff for the firm yields:

Ery = pé=p(fu — Ru)
oy — fr— TP = F) (i = &) (fn — f1)
pff —pfofa —éfu + frop

Similarly, with a single investor we can write the maximum payoff of the firm
as:

) (20)

(rD— fo)(fu — fL —¢).

00— 9 @)

Emy =p(fu - fr—
Comparing (20) and (21) yields:

pr¢2(7"D — fo)(1 = p)
(pf — fuofa — ofu + frop)(o(fu — fo) — ¢)

thus showing that multiple provision of funding is preferable to provision by
a single investors. It also follows that if the contract with limited liability
dominates the K&P contract, so does the unlimited liability contract where
repayments are such that m — 0.

Emyg — Emy = >0 (22)

5 Collusion and renegotiation

So far, we have not analysed collusion problems arising in this setting. Gener-
ally the literature has focused on those arising in a principal-supervisor-agent
hierarchy (Tirole [22], Khalil and Lawarrée [12], Kofman and Lawarrée [14],
Strausz [21]).

In our framework a collusive agreement can occur between the firm and the
monitor, but not between the non monitoring investors and the firm and nor
between the two investors (the monitoring and the non monitoring one). A
collusive agreement between the non monitoring investors and the firm would
be harmless as it would not alter the risk of the firm of being audited. Similarly
an agreement between the two investors would not affect the agent’s incentives
to misreport.

The only possibility is then a collusive agreement occurring between the
firm and the monitor. We can show that the non monitoring investors are not
damaged by such an agreement. Suppose that, having falsely claimed the low
state to have occurred, the entrepreneur endeavours to prevent the monitor
from verifying, by bribing her. Because of the result established in Theorem 1
of negative correlation of repayments, the non monitoring investor will be better
off accepting the low report than querying it as she gets a payoff higher than the
one received under truthful reporting. So there is no possibility for the monitor
and the firm to collude against the passive investors.

Similarly the firm could report the high state while in fact the low state
has occurred, thus making the lower repayment to the non monitoring investor
associated with a high state report, and offer the monitor a side contract so as

10



to induce her not to monitor. For the monitor to accept it, the bribe offer would
have to be such that:?

arD < By < Ry, (23)
whereas for the firm to make it
fo — Py — By > fr — PL — Ry. (24)
Using (23) and (24), we deduce that the contract is collusion proof iff:
fr — Py —arD <0,

which certainly holds.

It remains to see whether the entrepreneur and the monitor gain any increase
in utility by engaging in a form of renegotiation between themselves. Suppose
that after a low state report, the firm offers a bribe to the investor to induce
her not to monitor. The bribe offer will convey some information to the mon-
itor, which will now compare the payoff from monitoring with the payoff from
accepting the bribe. A bribe By will thus be accepted iff:

RL+B1>RH+6—¢

From the form of the optimal contract we know that there is binding low state
feasibility and maximum punishment, so this simplifies to:

Bi>fa—Puy—fL+PL—¢ (25)
On the other hand the entrepreneur will only offer bribes that satisfy

fo—Rr—Pr—By>1—m)(fu — Ry — PL) +m(fa — Ry — 6 — Py),

which simplifies to:
By <m(fu — fr)- (26)
Using (25) and (26), we can deduce that the contract is renegotiation-proof iff:
6—¢+ PL— Py >0,

which certainly holds under the K&P assumption that §—¢ = Ef—rD—¢ > 0.3
Another renegotiation possibility could still arise between the firm and the
monitor. Suppose the high state occurs and suppose the firm announces that it

2In such circumstances the firm anticipates that the the monitor could first accept and
then, after the high report is made, ask the enforcement of the original contract paying R,
thus undoing the side contract. However, we suppose that ex post she will have no possibility
of doing so.

3Using (18) and (19), § — ¢ can be written as Ef — rD — ¢ — plm(Pyg — Pp), i.e., under
limited liability Ef —rD — ¢ + plmfr,.

11



will make a high state report if the payoff B, with arD < By < Ry, is accepted,
triggering to report low in case the renegotiation offer were not accepted.? In
deciding whether to accept the bribe offer By > arD, the monitor will compare
it with the one she would get if a low report was made and she had to monitor
to enforce her rights, Rz + 6 — ¢. She will thus accept the bribe iff:®

Bs > arD > Ry + 6 — ¢. (27)
On the other hand the entrepreneur will only offer bribes that satisfy
fo—Pg—By>1—m)(fu — R — Pr) + m(fg — Ry — 6 — Pn),
which, by binding low state feasibility and maximum punishment, simplifies to:
By < fu—Pu — (L=m)(fu — fr)- (28)
Using (27) and (28), we deduce that the contract is renegotiation-proof iff:
6—¢ >0,

which also holds under the K&P assumption. Thus even in this case there is no
gain to be had from a renegotiation between the monitor and the firm.

Conclusions

In this paper we have explored the optimal financial contract, together with
incentive compatible and optimal reporting and monitoring probabilities, when
the revenues of a production process are private information to the firm and are
revealed only after the funding necessary for the project has been raised. The
amount of finance can be provided by two investors, say a big shareholder and
a group of small dispersed shareholders. Costly monitoring can be carried out
by one group of investors with the other group of investors learning the results
of it for free. The amount of monitoring is not a variable that can be written
into the contract.

Given that there is a subsequent mixed strategy Nash equilibrium in the
probabilities of monitoring and cheating, we find that the non monitoring in-
vestors have a role in creating correct reporting incentives for the firm, which
leads to a negative correlation between the true revenues of the firm and their
return. This allows the firm to better self-police its incentive to cheat and hence
the amount of state observation cost that it must ultimately bear from its resid-
ual profit. It also discourages non monitoring investors from ever wishing to

4Also in such circumstances the firm anticipates that the the monitor could first accept
and then, after the high state report is received, ask the enforcement of the original contract
paying Ry, thus undoing the side contract. Also for this case we suppose that ex post she
will have no possibility of doing so.

5Note that such private agreement between the firm and the monitor will not damage the
non monitoring investor who gets the payoff she had a right to (Pg).
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monitor: in the event of false report by the firm, they would have no incentive
to overturn a low state report since they would have received get a higher return
from this than from a high state report. As a consequence of the smoothing out
of repayments, we also find that the two investor scenario is Pareto superior to
a single investor model & la Khalil and Parigi [13], with the extent of the gain
in welfare depending on the investors’ degree of limited liability. If we allow for
post-contract offers being made only by the entrepreneur, we also find that this
type of contract is collusion-proof. One implication of this result is that, since
because of negative correlation the non monitoring investor cannot suffer any
loss in utility, the contract is also renegotiation-proof.

One remark concerns the choice of the party who writes the contract. This
is in fact a crucial issue in the problem of giving the right incentives to the firm
when the uninformed party cannot commit to an audit policy. Intuitively, if the
uninformed party writes the contract, she will try and extract all the surplus
from the informed one thus maximising his incentive to cheat. Conversely, by
designing the contract, the informed party can set the repayments so as to keep a
rent for correct reporting (i.e. impose a sure loss for misreporting), thus making
cheating less attractive.

Appendix

Proof of Proposition 1. The proof proceeds as follows: we first prove that
there is maximum punishment; then that the firm gets a positive rent in high
state and zero rent in low state. Instead of working with Ry as a variable, we
use the punishment 6 = Ry;, — Ry.
To derive properties of the optimal contract we form the Lagrangean

p(fo = Pn— Ru)+ (1 —p)(fr — Pr — Rp) +

+A1 [p(l — l)RH + (1 —-p +pl)RL — Oz’I“D] +

+Ae[uPy + (1 = p)Pr — (1 —a)rD] +

+X3(fug — Py — Ry — 8) + \a(fr — R — Pp)

(1-p)o Ry + Py — R, — Pr,

where u = p(1-1)+plm, l = ,m=
n=p(-Dtp p(Rg +0 — Rp — @) Ry +Py+6— Ry —PL
and « is the share of capital provided by the monitoring investor. We then use

the FOC'’s:

oL _ pl(RH_RL)
Ry~ PN R e R )T
pl(1—m) pl(1 —m)
Ao(Py — P ~Aa=0
+2(H L)[RH+5—RL_¢ RH+6—RL+PH—PL} ’
oL pl(Ry — Rr)
or, ~ Pt -pdpl - e )
I(1— U
—Xo(Py — Pr)| ol ") L n = =0

Ruy+6—Rr—¢ Ry+6—-—Rr+Pyg—Fp

13



+ X (Py — Pp)[ Pl —m) -

oL _ pl(Rgy — Ry)
Ry+6—Rp—¢

35 "Ry+6-RL—¢
plm

_ ~ A3 <0
RH+57RL+PH—PL] 3=
oL pl(l - m)(PH - PL)
T ptA “A3=0
opy; ~ Pttt TR Py B
oL pl(1 —m)(Py — Pr) _
2P, = (1—=p)+ X[(1— p) RH+6_RL+PH_PL] M=0
e [rom oL + oL and oL + OL :
ORy = ORL oPy 0Py
1+X3+M = N (29)
= A (30)

whence we deduce that \; = Ay > 1.

oL
F 1,6 >0and — =0.
e Form < 1,0 >0 an a5

e To prove maximum punishment (A3 > 0), we use A\; = Ay from (29) and

(30) in the FOC on 8, and get:

pl(Ry — Ri)
Ry+6—Rp—¢

I(1—

Az = M{

B plm I
Ry +6— Ry + Py — Py,

Ry — R + Py — Py, 1

—m(Py —P +
Ru+0—R.— o m(Pr L)[RH+6_RL_¢

I}

)\3:)\1]9[{
1
+
Ry+6— R+ Py — Pr,

[
A3 = A\ P {Ry — RpL+ Py — P

Ry+6—Rp— ¢
Ry+6—Rp—¢
—m(Py — P)(1

m(Pr = P+ = )}

plm(RH"l‘é_RL)[l Ry+6—Rp—¢ ]
Ry+6—Rp—¢ Ry+6—Rp+ Py — P

A3 =\

which is certainly positive. Hence 6 = fg — Ry — Ppy.
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e The next step is to prove that the low state feasibility constraint binds:
Ry + Pr, = fr, (A\y > 0). Using the FOC on Py, :
pl(1 —m)(Py — Pr)
Ry +6— Ry + Py — Pr,

Ay =—(1=p)+ X[ —p+pl—plm) - J
This can also be rearranged to:

pl(1—m)(Ry +6 — Ryr)
Ry+6—Rp+ Py — P’

A= =11 =p)+ X

which, using (29), is certainly positive.

|

Proof of Theorem 1. Given maximum punishment and binding low state
feasibility, we can set Ry + 6 = fg — Py, and Ry, = fr, — Pr. The problem
hence reduces to:

5 %, PO
st p(1 =) (fu — P —6) + (1 —p+pl)(fr — PL) = arD (31)
pPr + (1= p)Pp = (1—a)rD (32)
From (31)
p(1=06 = p(1—D)(far — Per) + & —p+pl)(1fL_; Py)—arD
pb = p(fH—PH—fL+PL)+w

p(fu — Pu — fr + Pr — ¢)
p(fu —Pu — fo+PL)—¢

= p(fu—Pu—fo+Pr)+ (fr — Pr — arD)

— P, —arD
= P~ P fu+ Py) 4+ LD
Hence
BB P %
st Py + (1 — )P, =(1—a)rD (34)
where
fL — PL — arD

6=fg—Py—fr+ P+ (35)

p(1—=1)

Remark 1 Note here that fr — P — arD < 0. Suppose not, then the en-
trepreneur could offer a single repayment contract to the monitoring investor,
and a state contingent contract to the non monitoring one (in particular with
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Pp, < Py). The monitoring investor will hence give up her audit rights (m = 0)
thus mazximising the entrepreneur’s incentive to lie (I = 1). Using m = 0 and
I =1 into (34) we deduce that P, = (1 — a)rD, the non monitoring investor
1s also offered a single repayment contract. But this implies that fr, —rD > 0,
thus making a single repayment contract implementable even under asymmetric
information, a contradiction.

Using a similar argument, it can be shown that this holds for any 0 < a < 1.
Suppose a = 0. In this case the two uninformed parties specialise: one as the
investor and one as the supervisor. If fr, — Py, > 0, then the entrepreneur could
offer a single repayment contract to the only investor left (say Psgp = rD) and
a state contingent contract to the supervisor with Ry > 0 and Ry, < 0 (so as
to hold her down to her reservation utility, while still inducing her to monitor).
However, Ry, < 0 and binding low state feasibility (fr, — R, — Psg = 0) imply
that fr, — Psr <0, a contradiction.

Working out the FOC’s

oL . 06 _ . pl(l—m)(PH—PL) _pl(PH—PL) 06
oPy paPH_ A{“ fu—Pu—fo+PL—¢ fu—fL 3PH} (36)
8L . pllf )(PprL) _pl(PprL) 65
op, paPL A{1 T —Pa-fitPi-6  fa-1t aPL} (31)
oL I(P, P,
0 /\rD{1+ — leH L}L)} (38)
B P 0Pu (- pppy P ey py S 0D
= (1-a)rD (39)
. _ l(fL—PL—aTD) 06 . _;_
e by = T T 00Uy —Pa—f P —9) 9P a0
l(fL — PL — OzTD)
(L=0O((for — Pu — fr+ Pr) — ¢)’
e For a mixed strategy we must have m = M > 0 implying we

H—JL
need fg —6 — fr > 0,i.e 6 < fg — fr. Substituting out 6 = fyg — Py —
L_PL —ar

fro+Pr+ W in the inequality, we find that:
p(1—
fL — PL —arD
P, —Py+——F"—-F"-"—77+—"<0. 40
p(1—1) o)

This holds at any Pr,, Prr, o which subsequently has m > 0. Using (32)
Pr = —(p —pl +plm)(PH — PL) + (1 — Oz)TD.
Substituting out in (40), gives

plm(Py, — Py) > fr, —rD. (41)
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Lemma 1 MRSg < MRSp iff (40) holds. So at any Py, Pr,« satisfying the
conditions of the theorem we have MRS < MRSp.

Proof. Suppose not. Then, looking at the marginal rates of substitution of
the entrepreneur (M RSg) and the non monitoring investor (M RSp):

06
0P,
MRSE:—ZSH, (42)
0Py,
_ pl(l—m)(PH—PL) _pl(PH—PL) 8(5
fu—Pog—fo+P,—¢ fo—fo 0Py
MRSp = — ; 43
r l— gt pl(L—m)(Py —Pr)  pl(Pg — Pr) 06 (43)
fo—Pu—fL+PL—¢ fo—fo 0P
where
06 - 1+ l(fL—PL—Oé’I”D)
0Py (A =0(p(fu — Pu — fL+PL)— )’
ﬁ _ 1 1 I(fr — PL —arD)
or,

(-0 A-0Dp(fu—Pu—fo+Pr)—¢)
Assuming an interior solution to exist (M RSy = MRSp) :

06 . pl(l—m)(PH—PL) _pl(PH—PL) 06
_oPg _ _ fo—Pau—fo+PL—0¢ fu—fu OPy

ﬁ 1— + pl(l—m)(PH—PL) _pl(PH—PL) 06

opPL, a foa—Pag—fo+PL—0¢ fu—fo 0P

~ OPy fo—Pag—fo+PL—0¢ fu—fo 0Pt
. 65 { . pl(l—m)(PH—PL) _pl(PH—PL) 6(5 }
0Py, a fo—Pag— foL+PL—¢ fu—fr OPu

06 {1_M+ pl(l—m)(PH—PL) _pl(PH—PL) 06 }

95 {1_ L Pl =m)(Py — Pr) }_

0Py Ju—Pu—fr+PL—¢
o5 pI(L— m)(Py — Py)
0P {M_fHPHfL+PL¢’}
_ﬁ:_{ _ pl(l—m)(PH—PL) }(8(5 +c’95)
0Py fH_PH_fL+PL_¢ 0Py oPy, '
a6 06 1

9Py 0P, )

l(fL—PL—arD) 1 { _

_ _ pl(1 —m)(Py — Pr) }
(A =0p(fa —Pg—fo+P)—9¢) p(l-1)

fu—Pu—frL+PL—¢
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o pl(fr — Pr, — arD) _ pl(1 —m)(Pg — Pr)
p(l Z)er(fH*PH*fLJrPL)*d’ B M+fH*PH*fL+PL*¢>

(ft = PL —arD) (1—m)(Py — Pr)

p(fH—PH—fL+PL)—¢:_m+fH—PH_fL+PL_¢. (44)
. fu—Pug—fo+PL—¢ _ 1 . .
Using p(fu—Pu—fr+PL)—¢ p(l-1) in (44) gives
fL—PL—OéTD

= —m(fu—Pug—fo+P,—9¢)+(1—m)(Py— Pr)

= —m(fu — fr—¢)+ Py — Pr)

p(1—=1)

_ 7fH*fL*(?(infLi(ﬁ)Jr(PH,pL)_ (45)
fo— T
Using & from (35) in (45) gives:
(fo = P —arD)(fu — f1) = —(Py—-Pp— 1 (fr — P —arD)) x

p(1—=1)
#(fa — fo—¢)+ (fu — fo)(Pu — Pr)

p(1—=1)

(fo=PL—arD)(fu —fr) _ (fo—Pr—orD))(fu — frL — ¢)
=) - P(1—1) + (P = Fo)g
B (fr, — PL —arD)
0 = —~f p(f_ y ¢+ B = PL)o
o (fL — PL — Oé’I"D)
Pr—Py = -— p(l — l) , (46)

which is a contradiction. W

Lemma 2 For any fired Py, Pr,a which give the firm a nonnegative expected

utility in a contract leading to a subsequent mixed strategy where the repayments
E7TE <0

T oP '

8E7TE

0Py,

(1-p)(rg —zr — d)(plrg — L) — @) + d(pra + (1 —p)rr — arD — ¢))]
(1- l)(ffH — L — ¢)(P(33H - ﬂCL) - ¢)

have been optimally chosen

Proof. We can write as:

which is non positive if

C=pxg —zL—¢)(p(ra —z1) — ¢) + pp(prE + (1 —p)rr —arD — ¢) > 0,
(47)
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where xg = fg — Py and xp, = fr, — Pr.

We can show that so long as the firm only offers contracts yielding nonneg-
ative expected utility to it then this condition is satisfied. The objective function
of the firm is:

o(fo — Pu — Ry) = p(xg — Ry). (48)

The investors participation constraint is:

arD = p(L—DRu+ (1 p+pl)as
= PRu+(1-plor—(Ru —xﬂ%
- pRHﬂL(l*P)IL*(RH—xL)M (49)
(tr — a1 = ¢)
(1-p)

= PRu+(=pjre = (R —on) e — s

where Ry, = xp, — Py, because of binding low state feasibility. Solve (49) for Ry
and substitute into (48):

(1-p)o
pley —zL) — ¢
p(pr% — 2xpprr — xpd + zprr — 2 +pri —arD(zy — 71 — ),

B P(fUH - IEL) - ¢ \W)

Er = prg+(1—p)ayp —arD— (arD — xy)

Subtract (47) from (50) to get
Er—C=—plxg —xp —2¢)(arD —x1) <0 (51)

Hence if Er > 0 then C' > 0.
Suppose that we take any fived values of Py, Pr, and a that satisfy the non
monitoring investor participation constraint:

(p—pl+plm)Py+ (1 —p+pl—plm)PL = (1 —a)rD.

Given these fized values, compute the Nash equilibrium [, m and then solve the
contract problem for optimal values of Rs conditional on these fized values of
Ps. The resulting mazimal utility level of the firm is given by (50). However this
contract with a subsequent mized strategy will be offered by the firm only if Ew
TE

<0.
0Py,

given by (50) is positive and hence only if C > 0 and so will involve
|

Lemma 3 From any point Py, Py, satisfying the conditions of the theorem the
firm is better off reducing Py and raising Pr, until a mized strategy fails to hold.
Proof. To see this vary the repayments to P according to:

dP, = MRSpdPy.
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The non monitoring investor’s utility is then constant:

aﬂ'p aﬂ'p _87Tp

drp = =——dP ——dPp, = —[-M dPy + dPr) = 0; 2
"= 5Py H+6‘PL L (9PL[ RSpdPy + dPL] = 0; (52)
the entrepreneur’s change in utility is
8E7TE 3E7TE
dE = ——dPp+———dP
TE op; L+ 9P H
8E7TE 8E7TE
= M ——]dP,
)
E
— 9BTE RS, — MRSW]dPy,
opPy,
aEﬂ'E

which is positive if dPy < 0 since MRSp — MRSg > 0, <0. m

0Py,
We can illustrate the negative correlation result using a diagram where we
have the repayments to P on the axis for any given . We see that the firm’s
isoprofit contour is steeper that the investor’s. By holding the investor’s utility
constant, it is then possible to vary the repayments so as to increase the firm’s
profits by shifting its profit function to the left. It is then optimal to set Py <
Pr.

Eme

\4

In order to determine the share of investment provided by each investor,
we bound the repayments to be non negative. The firm’s profit function will
thus shift to the left until it hits the vertical axis where P;, = fr and Py = 0.
Using the limited liability repayments into the first order condition for A (39)
and solving this for « gives:

oo D= —p)fi)(fu — fr) —plfn /L
rD[(fu — fo)ofa —¢) — (1 —p)ofi]

(ofu — ).
[ |

Proof of Corollary 1. Under the conditions of the Theorem the numer-
ator of m can be written as: fg — fr — 6 = p(fu — fr) — Emg. For Lemma
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3 this is increasing in Py and decreasing in Pr.5 Analogously, under the same
(1-p)o

p(fu — fr+Pr— P —¢)’

between P and Pgy. This then implies that the equilibrium probabilities of

monitoring and lying are lower in the contract with two investors than in the

contact with a single investor. m

conditions, [ = which is decreasing in the spread
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