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Abstract

This paper investigates the relationship
between debt seniority structure and the
lenders™ incentives to monitor borrowers. It
shows that the monitoring creditor should
hold a junior and unsecured claim if she
requires a higher rate of return for her capital.
This result supports the view of Fama (1990)
that junior debtholders have more incentive
to monitor. It is also found that to induce
monitoring. borrowers will keep some assets
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It is well acknowledged in the finance
literature that debt contracts may cause moral
hazard problems on the borrowers™ side. A
borrower can transfer debtholders™ wealth to
himself through various ways. such as
pursuing a highly risky project. trading with
he

handsome cash dividends to shareholders

companies owns. or distributing
includi1g himself. One way of deterring this
moral hazard problem is to induce some
debtholders to monitor the borrower. This
issue has been investigated in several papers.
For example. Park (2000) proposes that the
monitoring creditor should hold senior debt.
Rajan and Winton (1995) demonstrate how
covenants and collateral can be used to
increase the lenders’ incentive to monitor.
Rajan (1992) suggests that bank debt should
be junicr to prevent banks from abusing their

information monopoly power.

Complementing to this literature. our
paper siudies the relationship between debt
seniority structure and the lenders” incentives
to monitor borrowers. In contrast to Park
(2000). we find that the monitoring creditor



should hold junior short-term debt if she
requires a higher rate of return for her capital.
The 1intuition of this result can be explained
as follows. Consider an entrepreneur who
After the

undertaken. new

borrows money to invest

investment project is

information about the project will be revealed.

Depending on the intermediate information.
sometimes it is more efficient to liquidate the
project before it matures. However. the
entrepreneur does not have the incentive to
do so. so the debtholder with the lowest
monitoring cost should be induced to monitor

the project.

the

monitoring creditor’s claim on the project has

Because monitoring is costly.
to be large enough so that it is worthwhile for
her to monitor. This implies that. compared
with other creditors. the monitoring creditor
need lend more to the entrepreneur. Since the
marginal cost of capital should be increasing
in the amount of the capital required. it is
natural to assume that the monitoring creditor
asks a higher rate of return for lending than
other creditors. Because of this assumption.
the entrepreneur would like to minimize the
amount of money he borrows from the
monitoring debtholder. It will be shown that
a debtholder has more incentive to monitor if
she receives more when the project succeeds
and receives less when the project fails.
Therefore. to achieve efficient monitoring
and to minimize the monitoring creditor’s
claim. the monitoring creditor should not
recelve anything when the project fails. This
implies that her claim should be junior and
not secured by collateral. This result supports
the view of Fama (1990) that junior

debtholders will have a stronger incentive to

W

monitor borrowers.

At first look. holding a junior and
unsecured claim may reduce a creditor’s
incentive to monitor. This is because most of
the lijuidation value will go to senior or
the
liquidated. Knowing this. a junior debtholder

secured creditors when project is

with an unsecured claim will have no
incentive to monitor and trigger liquidation
unless she can get paid before liquidation
occurs. Therefore. to induce monitoring. the
be

short-term and the entrepreneur has to keep

monitoring  creditor’s  claim  must
some assets not collateralized to serve as the
source of repaying the short-term debt. When
the monitoring creditor finds something
wrong. before the project is liquidated she
can re:use to roll over the short-term debt and
get paid from assets that have not been
collateralized. The opportunity to get money
back »>efore liquidation happens gives the

monitoring creditor an incentive to monitor.

It is interesting to compare the results in
this paper with those in Rajan and Winton
(1995). In both papers. leaving some assets
not co.lateralized can facilitate monitoring. In
Rajan and Winton. when some assets are not
collateralized. the bank can acquire more
collateral on its claim if it monitors and finds
that the project is likely to fail. This action
increases the effective priority of its debt. In
our paoer, non-collateralized assets allow the
monitcring creditor to get her money back
earlier if she monitors and finds something
wrong with the project. Another similarity
between the two papers is that the monitoring
debtholder’s claim is junior in both papers.
However. the optimal contracts are different

in the two papers. In Rajan and Winton. the



bank debt is long-term and will be secured if
bad information 1s revealed. In contrast. in
our paper the monitoring creditor’s claim is
short-term and is not secured throughout the

whole lending relationship.

This paper provides an explanation for
why trade credits are junior. Trade creditors
are similar to the monitoring creditor in our
First. they trade with

model. because

customers frequently. trade creditors know
their customers well. so they should have
lower monitoring costs than other creditors.
Second. since trade creditors are not financial
institutions. they have higher costs of capital
than creditors such as banks. Because of
these similarities. the results in this paper can
be applied to explain certain features of trade
credit. There has been a long literature

exploiting why trade creditors provide
financing services even if they have high
costs of capital than banks. Biais and Gollier
(1997) propose that trade credits improve
efficiency because the information that trade
creditors have about their customers is
different from banks™ information. Wilner
(2000) shows that. since trade creditors are
more willing to yield in debt renegotiation,
they will require higher interest rates when
they lend. The main contribution of our paper
is to point out that. to induce trade creditors
to monitor. trade credits should be junior and
unsecured. As far as we know. this feature of
trade credit has not been much explained in

the literature.
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Abstract

This paper investigates the relationship between debt seniority structure and the
lenders’ incentives to monitor borrowers. It shows that the monitoring creditor
should hold a junior and unsecured claim if she requires a higher rate of return for
her capital. This result supports the view of Fama (1990) that junior debthold-
ers have more incentive to monitor. It is also found that to induce monitoring,
borrowers will keep some assets not collateralized. This paper has implications on

trade credit. It offers an explanation for why trade credits are junior.
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1 Introduction

It is well acknowledged in the finance literature that debt contracts may cause moral
hazard problems on the borrowers’ side. A borrower can transfer debtholders’ wealth
to himself through various ways, such as pursuing a highly risky project, trading with
companies he owns, or distributing handsome cash dividends to shareholders including
himself. One way of deterring this moral hazard problem is to induce some debthalders to
monitor the borrower. This issue has been investizated in several papers. For example,
Park (2000) proposes that the monitoring credito: should hold senior debt. Rajan and
Winton (1995) demonstrate how covenants and collateral can be used to increase the
lenders’ incentive to monitor. Rajan (1992) suggests that bank debt should be junior to
prevent banks from abusing their information monopoly power.

Complementing to this literature, our paper studies the relationship between debt
seniority structure and the lenders’ incentives t¢ monitor borrowers. In contrast to
Park (2000), we find that the monitoring creditor should hold junior short-term debt if
she requires a higher rate of return for her capital. The intuition of this result can be
explained as follows. Consider an entrepreneur who borrows money to invest. After the
investment project is undertaken, new information about the project will be revealed.
Depending on the intermediate information, sometimes it is more efficient to liquidate
the project before it matures. However, the entrepreneur does not have the incentive to
do so, so the debtholder with the lowest monitoring cost should be induced to monitor
the project.

Because monitoring is costly, the monitoring creditor’s claim on the project has to
be large enough so that it is worthwhile for her to monitor. This implies that, compared
with other creditors, the monitoring creditor need lend more to the entrepreneur. Since
the marginal cost of capital should be increasing i1 the amount of the capital required,
it is natural to assume that the monitoring creditor asks a higher rate of return for
lending than other creditors. Because of this asstumption, the entrepreneur would like
to minimize the amount of money he borrows from the monitoring debtholder. It will
be shown that a debtholder has more incentive to monitor if she receives more when the
project succeeds and receives less when the project fails. Therefore, to achieve efficient

monitoring and to minimize the monitoring cred tor’s claim, the monitoring creditor



should not receive anything when the project fai's. This implies that her claim should
be junior and not secured by collateral. This result supports the view of Fama (1990)
that junior debtholders will have a stronger incentive to monitor borrowers.

At first look, holding a junior and unsecured claim may reduce a creditor’s incentive
to monitor. This is because most of the liquidation value will go to senior or secured
creditors when the project is liquidated. Know:ng this, a junior debtholder with an
unsecured claim will have no incentive to monitor and trigger liquidation unless she
can get paid before liquidation occurs. Therefore, to induce monitoring, the monitoring
creditor’s claim must be short-term and the entrepreneur has to keep some assets not
collateralized to serve as the source of repaying the short-term debt. When the monitor-
ing creditor finds something wrong, before the prcject is liquidated she can refuse to roll
over the short-term debt and get paid from assets that have not been collateralized. The
opportunity to get money back before liquidation happens gives the monitoring creditor
an incentive to monitor.

It is interesting to compare the results in this »aper with those in Rajan and Winton
(1995). In both papers, leaving some assets not collateralized can facilitate monitoring.
In Rajan and Winton, when some assets are not collateralized, the bank can acquire
more collateral on its claim if it monitors and finds that the project is likely to fail.
This action increases the effective priority of its debt. In our paper, non-collateralized
assets allow the monitoring creditor to get her money back earlier if she monitors and
finds something wrong with the project. Another similarity between the two papers is
that the monitoring debtholder’s claim is junior in both papers. However, the optimal
contracts are different in the two papers. In Rajan and Winton, the bank debt is
long-term and will be secured if bad information is revealed. In contrast, in our paper
the monitoring creditor’s claim is short-term and is not secured throughout the whole
lending relationship.

This paper provides an explanation for why trade credits are junior. Trade creditors
are similar to the monitoring creditor in our model. First, because they trade with cus-
tomers frequently, trade creditors know their customers well, so they should have lower
monitoring costs than other creditors. Second, since trade creditors are not financial
institutions, they have higher costs of capital than creditors such as banks. Because of

these similarities, the results in this paper can be applied to explain certain features of



trade credit. There has been a long literature exploiting why trade creditors provide
financing services even if they have high costs of capital than banks. Biais and Gollier
(1997) propose that trade credits improve efficien:y because the information that trade
creditors have about their customers is different from banks’ information. Wilner (2000)
shows that, since trade creditors are more willing to yield in debt renegotiation, they will
require higher interest rates when they lend. The main contribution of our paper is to
point out that, to induce trade creditors to monitor, trade credits should be junior and
unsecured. As far as we know, this feature of trace credit has not been much explained
in the literature.

The rest of the paper is organized as follows. Section 2 is the model. Section 3 studies
the optimal debt contracts under the assumptior that contracts can be contingent on
the realized states of the world. Section 4 shows that the optimal contracts in Section
3 can be enforced even if contracts cannot be contingent on states. Section 5 contains

concluding remarks.

2 The Model

This is a three-period model (dates 0, 1, and 2). At date 0, a risk neutral entrepreneur
has an investment project. This project requires one dollar invested at date 0, and will
mature at date 2. The project either succeeds or fails. The project’s date 2 value will
be R + K if it succeeds and will be K if it fails, where R is the cash flow generated by
the project and K is the value of the project’s fixed assets. At date 0, the probability
that the project will succeed is py.

At date 1, the project’s probability of success is updated. Let p denote the date 1
probability that the project will succeed, where p is a random variable. The probability
density and cumulative functions of p are f(p) and F(p), respectively. The project can
be liquidated at date 1 and the liquidation value s Y 4+ K, where Y is the value of the
project’s liquid assets. The R, K, and Y are positive constants with R + K > 1 and
0 <Y + K < 1. From the above description, it is obvious that the project should be
liquidated at date 1 if p is low.

At date 0. the entrepreneur has no money and has to borrow from investors to make

the investment. There is one informed investor aad numerous uninformed investors in



the market. Both informed and uninformed inves-ors are risk neutral. The two types of
investor differ in two ways. First, uninformed investors can never learn the value of p,
while the informed investor can learn p at a moniroring cost ¢. Second, the two types of
investor require different returns for their capitals. The uninformed investors will lend
if the rate of return for lending is non-negative. .n contrast, the informed investor will
not lend unless the rate of return for lending two periods (dates 0 to 2) is no lower than
r > 0.

The assumption that the informed investor requires a higher rate of return is crucial
and deserves an explanation. To induce monitoring, the entrepreneur must require the
informed investor to hold a large claim on the prcject so that it is worthwhile for her to
monitor. This implies that, compared with other investors, the informed investor need
lend more to the entrepreneur. For an individual investor, the marginal cost of capital
should be increasing in the amount of capital required. Therefore, the informed investor
should require a higher rate of return than others.

At date 1, the entﬁepreneur also learns the value of p. However, he will never volun-
tarily liquidate the project. Therefore, inducing tae informed investor to monitor is the
only way to liquidate the project when p is low.

The contract between the entrepreneur and ths informed investor is a debt contract.
For simplicity, assume that the face value of the cebt can be contingent on the realized
states of the world, and no renegotiation is allowed at date 1. This is a strong assumption.
In Section 4 we shall show that the results of this paper still hold when this assumption

s relaxed. The contract can be represented by (o Dy, Ds, z). At date 0, the informed

investor lends a to the entrepreneur. At date 1, if the informed mvestor refuses to roll
over the debt, she gets D; and the project s liquidated. If the informed investor rolls
over the debt, at datei 9 she will receive Dy if the project succeeds and will receive z if
the project fails. :

The contract betw:lben the uninformed investos and the entrepreneur is also a debt
contract. Since uninfcirmed investors cannot monitor, they hold long-term debt due at
date 2. At date 0, the ientrepreneur borrows 1—a4-3 from uninformed investors, and the

face value of the debt [is D,.! Note that the entredreneur borrows more than one dollar

!The fact that the fad.e value of the debt is D, does not mean the uninformed investors always

receive D,,. For more dete{il, please see Sections 3 and 4.



from investors when § > 0. As will be shown in Section 4, allowing the entrepreneur
to borrow more than one dollar gives the entrepreneur more flexibility in designing the
optimal debt contracts.

In addition, we assume that D;, Ds, z, and [ satisfy the following constraints.

0 <D £ K+Y+5.
0 <D, £ K+R+5.

0 <z < K+0.

These constraints say that what the informed investor receives should not exceed what
is available from the project plus the extra cash ;3.

The sequence of moves can be summarized as follows.

(1) At date 0, the entrepreneur borrows from investors and makes the investment.

(2) At date 1, the entrepreneur learns the value of p. The informed investor decides
whether to monitor. If she does, she learns p at a cost ¢. Having made the monitor-
ing decision, the informed investor decides whether to roll over the debt. The project
continues if she rolls over the debt, and is liquidaed if she refuses to roll over the debt.
(3) At date 2, the project matures if the short-term debt is rolled over at date 1. The

entrepreneur pays back investors according to the debt contracts.

3 The Case When the Contracts Can Be Contingent
on the States

In this section, we assume that contracts can be contingent on the realized states of the
world. The case where contracts cannot be contir gent on states will be analyzed in the
next section. The game is solved backwards. We shall first study the informed investor’s
monitoring decision, and then find the optimal debt contracts for the entrepreneur.
Because this paper focuses on how to induce the informed investor to monitor, we shall

put more attention on the contract between the er trepreneur and the informed investor.

5



As to the contract between the entrepreneur and uninformed investors, in Section 4 we
shall verify that the uninformed investors are willing to lend at date 0 when the contract
(1-a+ g, D,) is offered.

To facilitate our discussion on the informed investor’s monitoring decision, we denote

P as the p that satisfies

Dy =pDy + (1-p) (1)

If the informed investor monitors and learns the value of p, she will roll over the debt
when p > p and will liquidate the project when p < p. The following lemma states the
condition under which the informed investor will monitor. The proofs of all lemmas and

propositions are in the Appendix.

Lemma 1. Suppose that the informed investor 1ands money to the entrepreneur.

(a) When p < pg = fplzo p dF(p), the informed investor monitors at date 1 if and only if

P
c < (D-2) [ (5-p)AF () ©
(b) When p > py, the informed investor monitors if and only if

1

c < (Da-2) [_(p-B)aF(). 3)

p=p

In addition to the intuitive result that the informed investor will monitor when ¢
is small, Lemma 1 also shows that the informed investor has a stronger incentive to
monitor when (D, — ) is large. Since this result is important for deriving the optimal
debt contracts, we now explain it in more detail. If the informed investor monitors, she
will roll over the debt when p > p and will liquidate the project when p < p. If she
does not monitor, then it is shown in the proof that she will roll over the debt if p < pg
and will liquidate the project if p > py. In case p < py, for the informed investor the
difference in payoff between monitoring and not monitoring is

P

—c+ sz[Dl = (pD2 + (1 = p)z)|dF(p).



From the facts that D; = pDy + (1 — p)z and that p < p when p € (0,p), we know that
given a p monitoring is more effective when the difference between D and z increases.

On the other hand, if p > py, then for the entrepreneur the difference in payoft
between monitoring and not monitoring becomes

—c+ piﬁ{(PDz + (1= p)z — Di]dF(p).

Again, from the facts that Dy = pD, + (1 — p)z and that p > p when p € (p,1), we
know that given a p monitoring is more effective when the difference between D, and z
Increases.

Having analyzed the informed investor’s monitoring decision, we can now investigate
the optimal debt contracts. At date 0, given a p the informed investor is willing to lend
if and only if?

c+(1+7)a < F@D:+ | ;[p32+(1—p)m]dp(p>. (4)

To keep the tractability of the model, in the rest of the paper we shall assume that
F(p) = p. This assumption greatly simplifies the analysis. Given this assumption, (4)
can be written as
1+ p? 1—p?

D
5 2t

Using (2), (3), and (5), we can write the opt.mal (o, Dy, Do, z) as functions of p.

c+(l4+ra < . (5)

Proposition 1 states this result.

Proposition 1. Suppose that the informed investor lends at date 0, and the en-
trepreneur induces the informed investor to moritor at date 1. Given a p € (0,1),

the optimal D, is

2c 2c
7 -5 o)

The optimal D, is pDj3 and the optimal z is 0. The entrepreneur will borrow a* from

D = max{

the informed investor, where

2Note that in (4), it is assumed that even if the informe1 investor may get D; back at date 1 rather
than date 2, the informed investor still require (1+7) for eac dollar she lends at date 0. This assumption

is not critical. The main results of this paper will not charge if this assumption is eliminated.

7
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To see the intuition of Proposition 1, note that since the informed investor requires
a higher rate of return for her capital. given a p the entrepreneur will minimize . From
(5), to reduce « either Dy or z should be decrezsed. From (2) and (3). to induce the
informed investor to monitor the difference betw=2en D, and x has to be large enough.
As a result, the entrepreneur will set z to be 0. From (1). (2), (3), (5), and the fact
z = 0. we can get the optimal D,, D, and a.

Proposition 1 has important implications. I means that, when the informed in-
vestor's capital is costly, the most efficient way to induce her to monitor is to reduce her
payoff in the bad state and to increase her payoff .n the good state. As will be shown in
Section 4, this result implies that the informed investor’s debt should be junior.

The above analysis assumes that p is given. We next solve the optimal p for the
entrepreneur. At date 0, to maximize his expected payoff, the entrepreneur minimizes
the sum of a”r, the extra return he has to compensate the informed investor, and

investment inefficiency. Denote

_ Y
The date 1 liquidation decision is not efficient if p # p. The next proposition shows

(8)

that the optimal p is always between p and 0.5, which means that either over- or under-

liquidation may occur in equilibrium.

Proposition 2. Let p* denote the optimal p for the entrepreneur.
(a) If p < 0.5, then p* satisfies p < p* < 0.5.

(b) If 5 > 0.5, then p* satisfies 0.5 < p* < p.

(c) If p=0.5, then p* = 0.5.

Proposition 2 states that the entrepreneur wil choose a p to balance between the

extra return he pays to the informed investor and investment inefficiency. From (7), a

is concave in p. Moreover, it is decreasing in p when p < 0.5, and is increasing in p



when p > 0.5. On the other hand, investment inefficiency is increasing in the distance
between p and p. As a result, when p < 0.5, the eatrepreneur will never set p lower than
P or higher than 0.5. For the same reason, when p > 0.5, the entrepreneur will never
set p lower than 0.5 or higher than p. Therefore, the optimal p will fall between p and
0.5. Proposition 2 shows that the entrepreneur may tolerate inefficient liquidation in
equilibrium.

At date 0, when the entrepreneur designs the cebt contract, he has to decide whether
to induce the informed investor to monitor. If hz does not, then obviously a = 0 and
the project is never liquidated at date 1. Since p¢ = 0.5, in this case the project can be

financed if and only if

™ = K + 05R -1 > 0. (9)
On the other hand, if the entrepreneur induces :he informed investor to monitor, the
project can be financed if and only if

1-p

2
Tm = K+pY + )R—l—c—a*rZO. (10)

In (10), p* is the probability that the project will e liquidated, ﬁ%ﬁ is the probability
that the project will succeed, and ¢+ a7 is the return the entrepreneur has to compen-
sate the informed investor. From (9) and (10), the financing decision can be summarized

in Proposition 3.2

Proposition 3.
(a) The project will be financed at date 0 if max{m,, 7} > 0.
(b) When the project is financed at date 0, the =ntrepreneur will induce the informed

investor to monitor if and only if 7, > m,.

$Because Proposition 3 is obvious from (9) and (10), it is not proved in the Appendix.



4 The Case When the Contracts Cannot Be Con-
tingent on the States

In the last section, we demonstrate how the entirepreneur can induce the informed in-
vestor to monitor. A major assumption in the last section is that the contracts can be
contingent on the states and renegotiation is not allowed at date 1. In this section, we
shall relax this assumption and show that the results obtained in the last section still
hold.

Assume that, if the informed investor learns p, she can make a take-it-or-leave-it offer
Drg, to the entrepreneur at date 1. If the entrepreneur accepts, the debt is rolled over
and the new face value is Dg (rather than D). If the entrepreneur rejects, the informed
investor either liquidates the project or rolls over the debt with face value D;.

Our major concern here is whether the contracts stated in Propositions 1 and 2 will
still hold after assumptions are modified. The following proposition claims that the an-

swer is yes if Dy and « are not too large.

Proposition 4. Suppose that the optimal (e, I';, Do, z) is (aq, D14, Dag, 0) under the
assumptions stated in Section 2, where Dy, < R and 0 < ¢, < 1. Now modify the as-
sumptions: assume that contracts cannot be contingent on states and that the informed
investor can make a take-it-or-leave-it offer at diate 1. The following contracts enforce
(g, Dia, Dag, 0).

(1) Uninformed investors hold long-term debt d-ie at date 2 with face value D,. The
informed investor holds short-term debt due at dite 1 with face value D;,. At the same
time, the entrepreneur gives himself a long-term cebt claim due at date 2 with face value
D..

(2) In terms of seniority, debt held by the uninformed investors is senior to that held
by the entrepreneur; the debt held by the entrepreneur is senior to that held by the
informed investor.

(3) Dy, D., and § are chosen to satisfy the following requirements.

(i) The expected payoff for holding the uninformed investors’ claim is 1 — o + 5.

(ii) The expected payoff for holding the entrepreseur’s claim is 7,y,.
(

iii)
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Dy + Do + Dy = K + R + B (11)

Dla S Y + 6 (12)

Several points related to Proposition 4 are worth mentioning. First, it shows that the
claim of the monitoring creditor should be junior. Second, from the fact Dy, < R and
(11), D+ D, > K + j, so the informed investor 1eceives nothing when the project fails,
which implies that z = 0. Third, from (12), the informed investor can always receive
D, if she refuses to roll over the debt. In fact, it is the opportunity to withdraw money
earlier that makes the informed investor to have the incentive to monitor. Because of
this assumption, our result is different form thet of Park (2000). In Park’s paper, a
‘junior debt holder receives nothing if she triggers liquidation, so junior debtholders will
not monitor. In comparison, in our paper, if the junior short-term creditor monitors,
she can get money back before the project is liquidated. Therefore, she has a strong

incentive to monitor.

5 Concluding Remarks

This paper shows that under certain circumstan es, the creditor with the lowest moni-
toring costs will monitor and hold junior and ursecured debt. This result is consistent
with the argument of Fama (1990) that junior cebtholders have stronger incentives to
monitor borrowers.

This paper can be extended in at least two directions. First, because this paper is
not directly designed to model trade credits, the optimal contracts in this paper do not
contain certain important features of trade crecits. A natural extension of this paper
is to develop a model to explain more features »f trade credits. Second, in this paper
we assume that the informed investor requires a higher return for her capital. This
assumption is critical to our result. It is interesting to see how the results will change

if this assumption is relaxed. Since banks usually monitor and have a lower cost of

11



capital than other creditors, investigating this case will allow us to learn more about the

differences between bank debt and trade credit.
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Appendix

Proof of Lemma 1. The informed investor’s incentive to monitor will be affected
by what she would do if she does not monitor. When the informed investor does not

monitor, she will roll over the debt if and only if

1
| pDe+(1=paldF(p) 2 [h = 5D+ (1~ p (13)
The left-hand side of (13) is the informed investor s payoff for rolling over the loan, while
the right-hand side is her payoff for liquidating the project. It can be shown that (13)

is equivalent to
po —pl(Dy —z) > 0.

Suppose that § < pg so that the informed investor will roll over the debt when she

does not monitor. In this case, monitoring will make her better off if and only if

~e+ FG)Ds+ [ D2+ (L= p)aldF(5 > [ [pDy + (1 p)aldF(r).

It can be shown that this expression is equivalent to (2). On the other hand, if p > py,
the informed investor will liquidate the project when she does not monitor. In this case,
she monitors if and only if

1

~c+ F(5)Dy+ | _[pDs+ (1 - paldF(p) > Dy

p=p
It can be shown that this expression is equivalent to (3). This completes the proof of
Lemma 1. Q.E.D.

Proof of Proposition 1. First consider the case of p < 0.5. Note that given the

assumption that F(p) = p, (2) can be written as

¢ < (Dy—1) %2— (14)

Since the informed investor requires a higher rate of return than uninformed investors,
at date 0 the entrepreneur will minimize a. From (14) and (5), o can be minimized by
choosing the smallest  and D, that can satisfy (14). Therefore, z = 0, Dy = 2¢/p?, and

. C
Q= maom
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The case of p > 0.5 can be shown using the same logic. Given the assumption that

F(p) = p, (3) can be written as

1—9 2
¢ < (Dy—12) (——21. (15)
To minimize «, the entrepreneur will set z = 0 and D, equal to 2¢/(1—p)?. The optimal
a becomes (1-;3?%1 g Combining the above results, we can get Proposition 1.~ Q.E.D.

Proof of Proposition 2. From (7), a* is decreasing in p if p < 0.5, and is increasing
in p if p > 0.5. Moreover, it is concave in p. Sirce (i) the entrepreneur minimizes the
sum of o*r and investment inefficiency, and (ii) investment inefficiency is increasing in

the distance between p and p, we know that p* will fall between 0.5 and p. Q.E.D.

Proof of Proposition 4. From the fact that m,, > 0, there exist D,, D., and § that
can satisfy conditions stated in the proposition. At the renegotiation stage, from (11),
the informed investor will set the face value of the new debt to be Dy,. From (11) and
the fact that Dy, < R, we know that

D, + D. > K + B,

which implies that the informed investor gets nothing when the project fails. Finally,
(11) guarantees that the informed investor receives Dy, if she refuses to roll over the

debt. This completes the proof of the proposition. Q.E.D.
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