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Monitoring and Structure of Debt Contracts 

CHEOL PARK* 

ABSTRACT 

This paper presents a theory of optimal debt structure when the moral hazard 
problem is severe. The main idea is that the optimal debt contract delegates mon- 
itoring to a single senior lender and that seniority allows the monitoring senior 
lender to appropriate the full return from his monitoring activities. The theory 
explains (i) why debt contracts are prioritized, (ii) why short-term debt is senior 
to long-term debt, and (iii) why financial intermediaries usually hold short-term 
senior debt whereas long-term junior debt is widely held. Another implication of 
the theory is that covenant and maturity structures will be set to conform to the 
seniority structure. 

When a firm becomes highly leveraged, its debt contracts are often priori- 
tized into several classes, so that, in the event of bankruptcy liquidation, 
some lenders will have claims on the firm's assets before others do. The most 
common financing pattern consists of senior bank debt with public debt sub- 
ordinate to it. Another common characteristic is that senior bank debt usu- 
ally has a shorter maturity and a more restrictive set of covenants than 
junior public debt.' 

When we consider banks as delegated monitors who specialize in infor- 
mation gathering, it seems puzzling that banks are usually senior. If, as has 
been argued (Fama (1990)), junior lenders have stronger incentives than 
senior lenders to monitor default risks, then we would expect monitoring 
specialists such as banks to be junior, not senior. Furthermore, if covenants 
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adapted from my dissertation at the University of Chicago. I thank Guangsug Hahn, In-Koo 
Cho, Robert Lucas, Jr., Christopher James, Mark Flannery, David P. Brown, Mathew Spiegel, 
Mark Rubinstein, Yuk-Shee Chan, Jeffrey Lacker, E. Han Kim, and other seminar participants 
at UCLA, UC Berkeley, the University of Michigan, the University of Florida, Federal Reserve 
Bank of Richmond, and HKUST. I especially thank Rene Stulz (the editor) and an anonymous 
referee for their detailed suggestions and comments. I am deeply indebted to Professors Raghu 
Rajan, Milton Harris, and Douglas Diamond for their guidance and encouragement. All errors 
remain mine. 

' Welch (1997) quotes Carey (1995), who finds that 99 percent of bank loans made between 
1986 and 1993 and recorded in the Loan Pricing Corporation Dealscan database contain a 
senior priority clause. See also Smith and Warner (1979), Berlin and Mester (1992), and Carey, 
Prowse and Rea (1993). According to Tufano (1993), who studies mergers and acquisitions of the 
late 1980s, the median maturity of bank loans (excluding bridge loans) is about five years, 
whereas the median maturity of public debt is 10 years. 
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are used to reduce contracting costs (Smith and Warner (1979)), we would 
expect junior debt contracts to have more restrictive covenants because junior 
debt is inherently riskier than senior debt because of its lower priority and 
longer maturity.2 We might also ask why short-term debt is further pro- 
tected through seniority. These issues beg the question of why firms prior- 
itize their debt in the first place. 

This paper seeks to answer these questions by developing a theory of the 
structure of debt contracts when the borrower's moral hazard problem is 
severe. As such, our theory can be used to understand the structure of debt 
contracts employed in the highly leveraged transactions of the 1980s. By 
explicitly modeling a costly monitoring technology in a simple model of asset 
substitution (Jensen and Meckling (1976)), we show how prioritized debt 
contracts with observed characteristics emerge as a way to minimize con- 
tracting costs. In our model, all agents are risk neutral, and renegotiation is 
limited only by incentives, so that the theory depends neither on risk- 
sharing motives nor on the exogenously imposed difficulty of renegotiation. 

We study a model where the borrower's moral hazard problem is so severe 
that no borrowing and lending occur unless lenders expend resources to mon- 
itor the borrower. Monitoring deters moral hazard because it enables lenders 
to detect a borrower's opportunistic behavior and to punish it either by liq- 
uidation or through renegotiation. If lenders have strong incentives to mon- 
itor, a borrower is therefore less likely to behave opportunistically. Put another 
way, a well-structured contract can serve as a commitment mechanism for 
the borrower by providing lenders with strong incentives to monitor. Be- 
cause contracting costs will be lower if lenders have stronger incentives to 
monitor, the borrower will structure debt contracts to maximize the lenders' 
incentives to monitor.3 

Other things being equal, a lender's incentive to monitor is maximized 
when he appropriates the full return from monitoring. However, if there are 
lenders senior to him, the return will go to these senior lenders first. The 
lender will then have to share what is left of the return with other lenders 
of the same seniority. Therefore, for a lender's incentive to monitor to be 
maximized, there must be no lender senior to him, and he must be the only 

2 Smith and Warner (1979) and Berlin and Mester (1992) explain this in terms of difficulty 
of renegotiation with public lenders. The Federal Trust Indenture Act, which requires unani- 
mous consent for votes on principal or interest concessions for publicly traded debt, is certainly 
a factor here. However, Carey et al. (1993) note that the covenants of the new 144A securities, 
or tradable private debt contracts, are very similar to those of public debt. These are securities 
held by and traded among private lenders such as insurance companies, and as such they are 
not subject to the Federal Trust Indenture Act. Therefore, the difficulty of renegotiation alone 
does not fully explain the relative restrictiveness of covenants. 

3 Maximizing incentives to monitor is not the same as maximizing the actual amount of 
monitoring carried out by lenders. Because monitoring is costly, the borrower wants to mini- 
mize the actual amount of monitoring. Maximizing the incentive to monitor is equivalent to 
maximizing the threat of monitoring when the borrower is suspected of misbehavior. Another 
way to understand this is that it costs less to induce a lender to monitor if he has a stronger 
incentive to monitor. 
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lender in his seniority class. In other words, the lender must either be the 
sole lender financing the whole project or the only lender in the most senior 
class. In the senior lender case, however, the senior claim must be big enough 
to be impaired by liquidation. Otherwise, because his claim is risk free, the 
senior lender would have no incentive to monitor. It follows that maximiza- 
tion of incentives to monitor leads the borrower to choose between single- 
lender contracts and prioritized contracts with an impaired senior lender. 

To figure out which contract is better, note that if the project continues, an 
impaired senior lender will get less than a sole lender simply because his 
claim is smaller. On the other hand, if the project is liquidated, an impaired 
senior lender will get the same amount as a sole lender, the full liquidation 
value. Therefore, a small piece of bad information may prompt the impaired 
senior lender to choose liquidation over continuation, whereas it takes far 
worse information to induce the sole lender to seek liquidation. In other 
words, the impaired senior lender is more sensitive to his information and 
thus has a stronger incentive to monitor. Indeed, as the old saying describes; 
"Borrow a little, and you will get a nagging creditor; borrow a lot, and you 
will get a generous partner."4 A contract with a nagging impaired senior 
lender is a better deterrent to moral hazard. 

The above discussion shows that an impaired senior lender's incentive to 
monitor is stronger if his stake is smaller. This is not as counterintuitive as 
it sounds. If monitoring is meant to raise the going concern value of a project, 
an investor's incentive to monitor is stronger when his stake is bigger. In 
contrast, monitoring in our model serves as a deterrent to moral hazard, and 
as such, it is carried out to identify and liquidate a bad project, not to raise 
the going concern value of a project. An increase in the impaired senior 
lender's claim would make him more reluctant to liquidate the project and 
punish the borrower because it would make his claim more impaired by 
liquidation. It follows that the optimal debt structure will be the one where 
there is only one senior lender who contributes the smallest possible amount 
that would keep him impaired by liquidation. 

Note that under the optimal contract, junior lenders get nothing if the 
project is liquidated. Therefore, no matter how badly the borrower behaves, 
the junior lenders have no incentive to liquidate the project and thus have 
no incentive to monitor. In other words, even though their claim is very risky, 
it does not follow that junior lenders have a stronger incentive to monitor 
than a senior lender. Under the optimal contract, only the senior lender will 
monitor the borrower, and seniority allows the monitoring lender to appro- 
priate the full return from his monitoring.5 

4 I am indebted to Milt Harris for this quote. 
5 The following quote gives us an example where other lenders depend on the senior bank to 

discipline the borrower. When Security Pacific Bank, after renegotiation with Campeau, waived 
covenants prohibiting new borrowing on Allied stocks, a source from Prudential was quoted to 
have said, "We have been relying on the intelligence of the banks. The banks were stupider 
than we thought" (Rothchild 1992, p. 142). 
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Once we note that only the senior lender monitors, then other features of 
contracts are easy to explain. First, senior debt will be best held by lenders 
with the lowest monitoring costs. We interpret these lenders to be finan- 
cial intermediaries. Second, because junior lenders do not monitor, it does 
not matter how many classes of junior debt are issued. Therefore, issuing 
two classes is enough. Third, to maximize the monitoring incentives of the 
senior lender, the senior claim will have the most restrictive covenants and 
the shortest possible maturity. As hypothesized by Fama (1990), the senior- 
ity, covenant, and maturity structures of debt contracts are not separate. 
They are all set to maximize the monitoring incentives of the senior lender. 
Although our theory is directly applicable to cases where asset substitution 
may occur immediately after financing, it also has implications about cases 
where it is not certain when and whether asset substitution will occur. 
These and other implications of the model will be discussed later in the 
paper. 

There are several recent papers dealing with the debt structure problem. 
Diamond (1993a, 1993b) studies a model with adverse selection and derives 
an optimal debt structure based on a trade-off between informational sen- 
sitivity and preservation of control rent. His theory, though, does not explain 
why firms need multiple creditors holding different securities. Using the 
model of Hart and Moore (1998), Berglof and von Thadden (1994) explain 
this by showing that the optimal contract drives a wedge between short- 
term lenders and long-term lenders. However, these two papers do not model 
monitoring and thus cannot answer questions such as why banks should 
hold senior debt. 

Rajan (1992) and Repullo and Suarez (1998) employ similar models and 
explicitly deal with monitoring. Whereas Rajan (1992) concludes that mon- 
itoring lenders must be junior to limit the informational monopoly rent, 
Repullo and Suarez (1998) abstract from the informational monopoly prob- 
lem and arrive at an opposite seniority rule where informed lenders are 
senior. Both papers share the assumption that a lender has the same in- 
centive to monitor whether he is senior or junior. On the other hand, our 
paper endogenizes monitoring incentives of lenders and shows that putting 
a monitoring lender in a junior position would make the informational 
monopoly problem worse. Rajan and Winton (1995) and Chemmanur and 
Fulghieri (1994) also model monitoring, but neither derives the optimal 
debt structure. 

Harris and Raviv (1990) study the informational role of debt payments 
and derive implications for capital structure. Whereas their main concern is 
information generated by the state of default, information in our model is 
generated by lenders before default occurs. Moreover, they neither distin- 
guish different kinds of lenders nor consider different seniority classes. Other 
related papers are Winton (1995), Dewatripont and Tirole (1994), Hart and 
Moore (1995, 1998), Bolton and Scharfstein (1996), Welch (1997), and O'Connor 
(1996). None of these papers deal with monitoring, and each has a focus 
different from ours. 
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t 0 t =I t= 2 

Irvestrment I is made, Project type realized, and p observed Cash flows 
Business strategy p clbosen Moniitoring informatioin realized 
Monitorinlg internsity A choseni Reniegotiation mriay occur 

Project may be liquidated for L 

Figure 1. Time line of events. At date zero, financing is done, and strategies are chosen. At 
date one, all the information is revealed, and the project may be liquidated with or without 
renegotiation. At date two, cash flows occur. 

The rest of the paper proceeds as follows. Section I lays out our model 
and its assumptions. Section II considers the case when lenders do not mon- 
itor and shows that borrowing and lending do not occur in equilibrium. 
Section III shows how monitoring helps a project to get financed and derives 
the optimal single-class debt contract. Although this is not the optimal con- 
tract, the results of this section will be used repeatedly in later sections. We 
then derive the optimal two-class debt contract in Section IV. Section V com- 
bines results from Sections III and IV to derive the optimal debt contract 
and then discusses the implications. The paper concludes in Section VI. Some 
proofs are omitted either because they are very simple or because they take 
up too much space. All the missing proofs are contained in Park (1995) and 
are also available from the author upon request. 

I. Model and Assumptions 

We consider a model in which all agents are risk neutral and the risk-free 
interest rate is zero. The model has three dates. At date zero, an entrepre- 
neur contacts investors to finance his project, which requires an investment 
of I dollars. In the case of leveraged buyouts, the project is an acquisition, 
and the variable I is the acquisition price. After financing is done, and be- 
fore date one, the entrepreneur chooses his business strategy, and each lender 
chooses his monitoring intensity (more on this below). At date one, the project 
type is realized, and the project may be liquidated for a value of L. If not 
liquidated at date one, the project returns cash flows at date two. There is 
no cash flow at date one, and there is no liquidation value at date two. The 
time line is depicted in Figure 1. 

A. Project Type and Monitoring Technology 

The entrepreneur's project is either safe or risky. A safe project is always 
a success and returns G for sure. A risky project is a success with probability 
-r E (0,1) and returns B when it is a success and nothing otherwise. We 
assume that only success or failure of the project is verifiable but not the 
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actual cash flows. Therefore, G represents the verifiable component of a 
successful project's return, and G is the most investors can get from the 
entrepreneur.6 We assume 

B <L <I < G <B. (P1) 

Thus, only a safe project has a positive NPV, and liquidation is better than 
continuation if the project is risky. 

As of date zero, the project type is not yet determined. The project type is 
realized and becomes known to the borrower at date one. The probability p E 
[0,1] of the project being safe is determined by how the project is managed 
or by the borrower's business strategy. In a leveraged buyout, the business 
strategy would include decisions regarding whether, when, and at what prices 
to sell some assets. With little loss of generality, we can view the probability 
p itself as the borrower's business strategy and assume the borrower chooses 
p at date zero. Therefore, if the project is not to be liquidated at date one, 
then by choosing p E [0,11, the borrower expects to get 

p(G - D) + (1 - p)IT(B - D) = pG + (1 - p)7rB - q(p)D, (1) 

where D is his repayment obligation and q(p) -[p + (1 - p)71] is the prob- 
ability of repayment at p. The value p is not observable when it is chosen, 
but it becomes publicly observable at date one, so that covenants can be 
written against it.7 

The contract design problem arises because the borrower may pursue a 
very risky strategy and shift the risk to the lenders. We make the following 
assumption of asset substitution: 

(G - aI) < -(B - aI), (P2) 

where a =G(I - L)/I(G - L) < 1. Assumption (P2) states that even if the 
borrower has to finance only aI < I, he prefers a risky project to a safe one. 
The motivation behind this assumption is further explained in Proposition 1 
in the next section. In short, if assumption (P2) is not satisfied, there are 
contracts that can implement the efficient solution of p = 1 without the 

6 This assumption allows us to concentrate on debt contracts. If the actual cash flows are 
verifiable, issuing equity shares would completely eliminate the moral hazard problem. We will 
show how prioritized debt contracts can reduce effective debt burden by creating equity-like 
debt, namely, junior debt. 

7 What is assumed here is that the covenant variable p is under perfect control of the bor- 
rower. A more general setup would allow the variable p to be only partially controlled by the 
borrower. However, that would not affect any of our results qualitatively. 
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lenders having to monitor the borrower, and the converse is also true. There- 
fore, assumption (P2) is the necessary and sufficient condition for monitor- 
ing to play any role in deterring moral hazard.8 

Because 0 < a < 1, our assumption (P2) is stronger than the usual 
assumption: 

(G - I) < f(B - I), (P2') 

which says that the borrower prefers a risky project even if he can borrow I 
at the risk-free rate. Because assumption (P2) is stronger, our model can be 
considered as dealing with cases where the moral hazard problem is severe. 
One way to see this is to look at assumption (P2) as a combination of (P2') 
and the following assumption (P2"): 

I is very close to G. (P2"1) 

If I is very close to G, then a = G(I - L)/I(G - L) will be close to one, so that 
al I. By continuity, assumptions (P2T) and (P2") together imply assump- 
tion (P2). 

In the context of leveraged buyouts, assumption (P2") describes a market 
situation where acquisitions are priced very tightly. If managed in a very 
safe way, the value of the acquired firm, G, is very close to the acquisition 
price I, so that most -of the return would go to the lenders. Therefore, the 
acquirer has additional incentives to pursue a risky strategy, say, holding on 
to assets for too long or expanding recklessly. In other words, the asset sub- 
stitution problem (Jensen and Meckling (1976)) described by assumption (P2') 
is exacerbated by the underinvestment problem (Myers (1977)) of the safe 
project described by assumption (P2"). In this sense, our model under as- 
sumption (P2) deals with a situation where the borrower's moral hazard 
problem is severe.9 

There are many investors. They will accept any contract that has non- 
negative expected return. Once an investor becomes a lender, he gains ac- 
cess to a monitoring technology. However, outsiders do not have such access, 
which implies that incumbent lenders may be better informed than out- 
siders. The borrower will thus be faced with the ex post informational mo- 
nopoly problem studied by Sharpe (1990) and Rajan (1992). At date zero, a 
lender chooses the intensity of his monitoring activities, denoted by A E [0,1]. 

8 If assumption (P2) is not satisfied, then two-class debt contracts can achieve the efficient 
solution p = 1 without monitoring. In this case, the senior claim must be smaller than the 
liquidation value L and will be refinanced at date one. The moral hazard problem is completely 
resolved without monitoring because the borrower is faced with high refinancing costs if he 
chooses a very low p. However, if assumption (P2) holds, the high refinancing cost is not enough 
to induce the borrower to choose a high p. In this sense, we are here dealing with a severe moral 
hazard problem. For details, see the companion paper Park (1996). 

9 Note that in our model, asset substitution occurs right after the financing is done. How- 
ever, the model also has implications about situations where it is not certain when and whether 
asset substitution will occur. See Section V for details. 
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Then, at date one, he will learn the true project type with probability A; with 
probability (1 - A), he will get no further information beyond what is pub- 
licly available, p. Monitoring of intensity A costs Ac dollars, where c > 0 is 
the unit monitoring cost.10 Lenders choose their monitoring intensity with- 
out knowing the borrower's choice of p, and monitoring intensity A is not 
verifiable. We also assume that at date one, it is common knowledge that 
the borrower knows whether or not each lender is informed of the true project 
type. This assumption is made for convenience and does not affect our analysis. 

For lenders to carry out monitoring, monitoring should provide returns 
high enough to cover costs. We assume 

(1 - p)(L - 7TB) > c, (P3) 

where p is defined by q ( ')G = I or p (I - 
gG)/(1 

- r) G. If the borrower 
is expected to choose p =p then identifying and liquidating a risky project 
will yield a gain of (1 - p)(L - 7rB), so that assumption (P3) states that the 
unit monitoring cost c is small relative to the return from monitoring at 

p=. If assumption (P3) is violated, lenders will not monitor for any p ? pj. 
However, because the value 1p is the lowest p at which investors could pos- 
sibly recover their initial investment I, no borrowing and lending occur un- 
less the lenders expect the borrower to choose p ? p. Therefore, assumption 
(P3) is the necessary condition for economical monitoring in the relevant 
range of p. 

B. Contracts and Renegotiation 

In our framework, each contract induces a game to be played by the bor- 
rower and lenders, and the equilibrium of the game depends on the form of 
the contract. For example, suppose that the borrower issues long-term debt 
that matures at date two. If the contract specifies only the face value D, 
then no investor would accept the contract because the borrower will then 
choose p = 0, leaving only 7rD(< I) for the lenders. The problem with such 
a contract is that lenders have no control over the borrower. 

There are two ways to give some control rights to the lenders. One is to 
issue long-term debt with covenants attached. In our model, the value of p 
can be used to set up a covenant of the form p ? pc in which lenders have 
the right to liquidate the project if and only if the observed p is below pc. 

Another is to issue short-term debt, so that the loan has to be refinanced at 
date one. Because short-term debt is equivalent to long-term debt with the 
most restrictive covenant pc = 1, we can safely consider only long-term debt 
with a covenant pc and denote a contract by a pair (pc,D).11 

10 For now, we assume all investors have the same monitoring costs. Implications of differ- 
ences in the unit monitoring cost among investors will be discussed later. 

" The point is that when we consider the effective maturity of debt, maturity cannot be 
discussed separately from covenants. If long-term debt has covenants more restrictive than 
short-term debt, it can be considered to have a shorter effective maturity. 



Monitoring and Structure of Debt Contracts 2165 

Once a contract (pc,D) is issued, the equilibrium of the game depends on 
how likely it is that renegotiation will occur at date one. If the covenant is to 
be enforced without renegotiation, the borrower will choose p = pc to avoid 
liquidation, and the efficient solution p = 1 can be implemented by setting 
p' = 1. On the other hand, if the borrower believes renegotiation is very 
likely, he may not choose p = pC, expecting the covenant to be waived. This 
paper assumes that renegotiation and refinancing possibilities are limited 
only by the incentives of the parties concerned and no exogenous restriction 
is imposed on them. Therefore, a covenant violation does not necessarily 
lead to liquidation of the project. By making this assumption, this paper 
attempts to show how to structure debt contracts when lenders cannot cred- 
ibly commit to the no-renegotiation policy and covenants alone are not enough 
to prevent moral hazard.12 

II. Equilibrium without Monitoring 

Before proceeding to the model with monitoring, let us first see what hap- 
pens if lenders do not monitor. Suppose that a contract (pC,D) is issued. If 
the most restrictive covenant pc 1 is used, lenders have the right to force 
liquidation for all p < 1. However, they do not have the incentive to liquidate 
as long as q(p)D - L, where q(p) [p + (1 - p)r] is the probability of 
repayment at p. As a result, the borrower can choose p such that q (p)D = L, 
have the covenant waived, and avoid liquidation. Because investors then get 
only L, they would not accept the contract (pC,D) in the first place. More 
generally, we have the following proposition. 

PROPOSITION 1: Suppose lenders do not monitor. If assumption (P2) holds, 
then there is no contract that allows borrowing and lending to occur in equi- 
librium. In particular, issuing multiple classes of debt would not help. If 
assumption (P2) does not hold, then there are contracts that can achieve 
p = 1. 

Proof: See the Appendix. 

This proposition is the motivation behind assumption (P2). To see what is 
involved, rewrite assumption (P2) into 

(G - I) < (1 -p)>T(B - G), (2) 

12 There are two reasons for our assumption. First, in reality, covenants are renegotiated and 
waived very often. It is not rare that bondholders renegotiate with borrowers (See Chen and 
Wei (1992) and Rosenberg (1992)). Second, theoretically, it is difficult to justify exogenous re- 
strictions. It is one thing to show that renegotiation breaks down because of, say, a free-rider 
problem but another to assume that renegotiation does not occur. Another thing to note is that 
even when renegotiation is unlikely, the borrower may choose to violate the covenant if he 
believes that cheap refinancing will be available. That is why we have to consider both rene- 
gotiation and refinancing. 
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where p satisfies q (p) G = L or p = (L - 7rG)/(1 - ir) G. The left-hand side 
is the most the borrower could get by playing the strategy p = 1. According 
to assumption (P2), this payoff (G - I) is so small that the borrower would 
rather choose p = p and pay G. Because G is the highest possible face value, 
no contract would induce the borrower to choose p = 1 over p = p. On the 
other hand, if assumption (P2) does not hold, p = 1 can be implemented by 
the contract under which the lender has the liquidation right for all p and 
the borrower pays I when p = 1 and G otherwise. In other words, assumption 
(P2) is necessary and sufficient for monitoring to play any role. Note here 
that the proof considers all feasible contracts, including contracts with face 
values contingent on p. This is necessary because renegotiation turns even a 
straight debt contract into a contingent contract. 

III. Single-Class Debt with Monitoring 

When lenders do not monitor, the borrower can avoid liquidation as long 
as q(p)D - L. When lenders monitor, a risky project could be identified and 
liquidated. Therefore, to reduce the probability of liquidation, the borrower 
chooses a higher p. This section shows that borrowing and lending occur 
when lenders monitor and then characterizes the optimal single-class debt 
contract. The results of this section will be used repeatedly to derive the 
optimal debt contract in later sections of this paper. 

A. Single-Lender Case 

We start with the simplest case where a single lender finances the whole 
project. Because seniority then would not matter, we assume that only one 
contract (pc,D) is issued. We also assume that pC satisfies q(pc)D > L; 
contracts with q(pC)D ' L are inferior (see the Appendix for a proof). 

To analyze the game induced by the contract (pc,D), we use the perfect 
Bayesian equilibrium, which requires, among other things, that beliefs be 
consistent with the equilibrium strategies and that each subgame be played 
in a sequentially rational manner. A given contract (pc,D) generates a con- 
tinuum of subgames, one for each combination of p and monitoring informa- 
tion. Outcomes of these subgames will determine the date zero equilibrium 
strategy pair (p, A) and equilibrium payoffs. The borrower will then choose 
the contract that maximizes his equilibrium payoff. Therefore, to derive the 
optimal contract, we first have to know what happens in each subgame. 

Consider first cases when the lender at date one learns that the project is 
safe. Recall that it is common knowledge that the borrower knows the lend- 
er's informational status. Because the lender has no incentive to liquidate 
the project, neither liquidation nor renegotiation will occur; if the lender 
demands renegotiation, the borrower will simply not respond. Therefore, for 
all values of p, the project will continue under the original contract when the 
lender knows the project is safe. 
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On the other hand, if the lender knows the project is risky, the project will 
be liquidated for all values of p. If the covenant is violated, or if p < pC, this 
is obvious: the lender forces liquidation and gets L.13 If the covenant is not 
violated, then the lender has to renegotiate with the borrower to have the 
project liquidated. Because both parties know the project is risky, and 
(L - ffB) > 0, they will agree to liquidate the project and split the surplus 
(L - ffB). Let Z(D) denote the renegotiated borrower's share of the liquida- 
tion value. Then, no matter what kind of a bargaining game they play, its 
outcome Z(D) must satisfy 

(B - D) c< Z (D) c< (L - 7rD). (3) 

The inequalities come from individual rationality conditions.14 
When the lender is uninformed, things are a bit more complicated because 

the borrower may try to reveal his project type in an attempt to affect the 
lender's decisions. However, that will not happen in equilibrium. 

LEMMA 1: Suppose the lender is not informed of the project type. Then, the 
borrower's information will not be revealed in equilibrium, and the lender's 
decisions will be based solely on the observed value of p. Specifically, if 
q (p) D > L, the project continues without renegotiation, and if q (p) G < L, the 
project is liquidated without renegotiation. If q(p)D < L and q(p)G ? L, 
renegotiation occurs, and the project continues under a new contract. 

We now explain this in detail. Essentially, what happens is that there is 
no equilibrium separating the two types of projects because one type of bor- 
rower will always mimic the other type. The lender therefore should not 
infer anything new from the borrower's behavior and should base his deci- 
sions solely on his own information, p. 

If the covenant is not violated, or p ? pC, then it is a safe borrower who 
mimics a risky borrower. Because (L - 17B) > 0, a risky borrower would seek 
to reveal the project type and liquidate the project under a new contract. 
Such a renegotiated liquidation will occur if and only if the lender is per- 
suaded that the project is risky with a high enough probability. Suppose that 
the lender is somehow persuaded and agrees to give, say, Z' out of the liq- 
uidation value L. Then, Z' ? 7r(B - D) must hold. However, once the lender 
agrees to liquidate the project, a safe borrower will pretend to be risky and 
try to get the same deal Z' because Z' > iT(B - D) > (G - D). Therefore, the 

13 Due to the adverse selection problem, the borrower will not be able to refinance D from 
outsiders and avoid liquidation. Because the incumbent lender is better informed, a safe bor- 
rower finds it better to negotiate with him. Knowing this, outsiders, whenever they see the 
borrower in the public market at p < pC, will have such a belief that it is impossible for the 
borrower to refinance D. For example, if p < pc and q(p)D 2 L, then outsiders believe that 
the project is risky with probability one. 

14 The amount Z(D) does not depend on p because both parties are informed of the project 
type, making information contained in p irrelevant. Note that our analysis is robust to how we 
model the renegotiation process, and the exact functional form of Z(.) does not matter at all. 
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fact that the borrower proposes liquidation reveals no new information, and 
the lender's belief should stay the same at p. Because q(p)D > L holds at 
p , pC, the project will continue under the original contract. 

If the covenant is violated, or p < pC, then a risky borrower will always 
mimic a safe borrower to avoid liquidation. If q(p)D > L, an uninformed 
lender has no incentive to liquidate the project, and thus the project will 
continue under the original contract. If q(p)D < L, an uninformed lender 
has an incentive to liquidate the project, but there is room for renegotiation 
if q(p)G - L. Suppose the bargaining power of each party is such that the 
lender accepts S(p,D) as the new face value and allows the project to con- 
tinue. Then, 

q(p)S(p,D)-L and S(p,D) ' G (4) 

must hold for all p in this range, and the project continues under the new 
contract S(p,D). If q(p)G < L, there is no room for renegotiation, and an 
uninformed lender will liquidate the project without renegotiation.15 

The following summarizes our discussion so far and gives equilibrium pay- 
offs of the borrower U(-) and of the lender V(.) under a single-lender debt 
contract (pc,D). The critical values p and p are defined by q(p)D = L and 
q(p)G L, respectively. 

p(G-D) + (1- A)(1 -p)7r(B-D) + A(1 -p)Z(D) ifp, pC 

U(p, A) p(G - D) + (1 - A)(1 - p)7r(B - D) if p p < pC 
Ap(G - D) + (1 - A){p(G - S) + (1 - p)wg(B - S)} if p ? p <p 

Ap(G-D) ifp <p, 

(5) 

q(p)D + A{(1 - p)(L - Z(D) - ffD) - c} if p pc 

V(p, A) q(p)D + A{(1 -p)(L - 7TD) - c} ifp p < PC 

q(p)S + A{(1 -p)(L - -TS) - p(S - D) - c} if p p < p 

L + A{p(D - L) - c} ifp < p. 

(6) 

15 Suppose that the borrower does not know whether the lender is informed or not. Then the 
outcome of the game when q(p)D < L ' q(p)G will change because a lender who knows the 
project is safe may get S(p,D) by pretending to be uninformed. However, the outcome will not 
change for other values of p. For example, if q(p)D -L and p < pc, the lender has an incentive 
to liquidate the project only when he knows the project is risky. Thus, the borrower will simply 
stay put and let the lender decide what to do. This will result in the same outcome as in the 
text. Because q(p)D < L will not be observed in equilibrium, it does not matter whether the 
borrower knows the lender's informational status or not. 
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Using equations (5) and (6), we can now characterize the best contract 
when a single lender finances the whole project, which we call the optimal 
single-lender contract. 

PROPOSITION 2 (The Optimal Single-Lender Contract): Monitoring allows bor- 
rowing and lending to occur. There exists a unique optimal single-lender debt 
contract (pc*,D*), and the associated equilibrium strategy pair (p*,A*) is 
also unique. They are characterized by 

pC*= 1 (7) 

(1 -p*)= cl(L - gD*) (8) 

(1 - A*) = (G - D*)I/7T(B - D*) (9) 

p*D* + (1 -p*)L - c = I. (10) 

The equilibrium payoff to the borrower is (G - D*) under the optimal single- 
lender contract. 

Proof: See the Appendix. 

Monitoring performs different functions at different values of p. When 
q (p) D -L, monitoring identifies and liquidates a risky project. When q (p) D < L, 
monitoring identifies and saves a safe project. The borrower wants to choose a 
lowp value because it dilutes the value of the lender's claim. However, ifp is so 
low that q(p)D < L holds, then such a dilution will not occur either because of 
liquidation or because of renegotiation, which forces the borrower to raise the 
face value and pay at least L. Therefore, in equilibrium, the borrower chooses 
a p with q (p) D - L, and monitoring will serve as a deterrent of moral hazard. 
When lenders monitor, borrowing and lending occur because the borrower chooses 
a high enough p to avoid liquidation and renegotiation. 

The two equations (8) and (9) are the familiar marginal conditions for an 
optimum. The borrower's equilibrium business strategy p * is determined by 
the lender's incentive to monitor, which is represented by the marginal re- 
turn from monitoring, (1 - p) (L - 7rD) - c. On the other hand, the equilib- 
rium monitoring intensity A* is determined by the borrower's incentive to 
choose a risky strategy or by the marginal return from a risky strategy, 
(G - D) - (1 - A)ir(B - D). Optimality requires these two expressions to 
be zero. 

The optimal single-lender contract has the most restrictive covenant 
pc* = 1, and the borrower violates it by choosing p* < 1. Therefore, the 
lender then has the right to demand an immediate repayment at date 
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one. One interpretation is that the optimal single-lender contract is equiv- 
alent to short-term debt that has to be refinanced at date one and that if 
a single lender finances the whole project, it is best to issue short-term 
debt.16 

Because the covenant is going to be violated, it may seem odd that the 
covenant is set as high as pC* = 1. One can show that if the covenant is 
low enough, the borrower will never violate it. However, because renegoti- 
ation is costless, a violation of the covenant is not a bad thing in itself; 
liquidation decisions are always made efficiently. The question is rather 
whether the covenant provides the lender with enough incentives to mon- 
itor. A contract with pc < 1 is not optimal because it weakens the lender's 
incentive to monitor by giving too little to the lender when the project is 
liquidated. Furthermore, because liquidation gives the borrower Z(D) > 

<r(B - D) > (G - D), liquidation is not a punishment but a reward for the 
borrower; he wants to choose a risky strategy and get the project liqui- 
dated. In short, a contract with a less restrictive covenant pc < 1 is not 
optimal because it distorts incentives.17 

B. Many-Lender Case 

Suppose now that there are N lenders of the same class, with lender i 
holding a contract (p7,Di), i = 1,...,N. Let Oi be the fraction of debt held 
by lender i, so that Di = OiD, where D =Di. In case of liquidation, lender 
i gets OiL. For a given number of lenders N and for a given set of contracts 
(pi,Di )IN=l we can construct a single lender holding a contract (pc,D), 

where pC = maxi pi and D = JiDi. Call this single lender the equivalent 
single lender. In other words, the equivalent single lender is a single lender 
who holds all the contracts {(p ,Di )}IN=. 

Because renegotiation is costless and lenders are not going to have any 
contradictory information, the number of lenders would not matter as far as 
date one decisions are concerned. We therefore state the following without a 
formal proof. 

16 What is important is not whether pC 1 or not but whether or not the lender gets 
the control rights at date one. Therefore, contracts with pC < 1 can also be considered as 
short-term debt if the borrower always violates it. In a more general setting where the vari- 
able p is not perfectly controlled by the borrower and there is interim cash flow at date 
one, the covenant could incorporate the probability of coupon payments being made at date 
one, with contracts with pc = 0 being pure discount bonds with no other covenants 
attached. This interpretation of covenants as debt maturity is also pursued by Rajan and 
Winton (1995). 

17 The Appendix shows that if the covenant pc is very close to but smaller than one, contracts 
will violate the lender participation constraint and thus are not acceptable. Contracts with 
pc = p* are one such example. The reason for this is that when pC is very close to one, the 
lender's incentive to monitor is so weak near p = pC. Technically speaking, there is a disconti- 
nuity near pc = 1 because of the function Z(D), which disappears if pc = 1. 
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LEMMA 2: The following is the unique equilibrium outcome. If there is at least 
one lender who is informed of the project type, then lenders collectively make 
the same date one decisions as those of an informed equivalent single lender. 
If no lender is informed of the project type, then lenders make the same date 
one decisions as those of an uninformed equivalent single lender. 

In other words, a single informed lender can induce others to agree to the 
optimal action for the informed lender. This is the case because lenders of the 
same class have the same induced preferences. Consider, for example, the 
case where a p with q(p)D > L is observed and lender i argues for liquida- 
tion. Because q(p)Di = q(p)OiD - OiL, lender i would not argue for liquida- 
tion unless he knows the project is risky. Other lenders will infer this and 
agree to liquidate the firm. This is the basis of the uninformed lenders' 
beliefs that support the above outcome as an equilibrium. Also note that 
only the most restrictive covenant pc = maxipi matters, and it does not 
matter who has the most restrictive covenant.'8 

To describe the equilibrium payoffs, we assume that lenders' monitoring 
activities are independent of each other, so that the event that lender i is 
informed is independent of the event that lender j is informed (i :f j). Each 
lender chooses his monitoring intensity Ai at the cost of Aic, where i = 
1,2,... ,N. We use the same notation, A, to denote the aggregate monitoring 
intensity or the probability that at least one lender is informed of the project 
type. Then, by definition, 

(1 -A) = (1 - A)(1 -A2) ... (1 -AN) (1 

Using Lemma 2 and results from the single-lender case, we have the fol- 
lowing equilibrium payoff to lender i: 

q(p)OiD + AOi(1 -p)(L - Z - -rD) - Ai c ifpc c?p c 1 

Vi(p A) =|q(p)SiD +A0i(1-p)(L -TD) - Aic if p cp <pc 

q(p)OiS + AOi[(1 -p)(L - -S) -p(S -D)] - Aic ifp ?<p <p 

iL + AOip(D - L) - Aic if 0 p < p, 

(12) 

18 Here we are ruling out the possibility of the borrower bribing the lender who has the most 
restrictive covenant pC. The only way to bribe the lender and avoid liquidation is to raise the 
face value of that lender's claim. However, once the face value is raised, the lender still has 
incentive to liquidate because his share of the liquidation value also goes up. Therefore, a bribe 
will not work unless the lender signs a binding contract with the borrower. If such a contract 
is legal and enforceable, other lenders at the initial stage of financing will demand either a 
covenant restricting all new debt issue, or the same covenant pc to block such a deal. Because 
bribery is not optimal ex ante (wrong liquidation decisions will be made), optimal contracts will 
have such provisions. Either way, we can safely rule out the possibility of the side payment. 
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where A = (A1, .. ., AN), Z Z(D) is the borrower's share of the liquidation 
value in a renegotiated liquidation, and S S S(p,D) is the renegotiated total 
face value of debt, where D = (D1,.. ., DN).19 The borrower's equilibrium pay- 
off is the same as in the single-lender case. We therefore make the following 
proposition. 

PROPOSITION 3: When a firm issues only one class of debt, it is best to have 
only one lender. Therefore, the optimal single-lender contract is the best un- 
prioritized contract. 

Proof: See the Appendix. 

To understand this proposition, rewrite the equation for p E [p,pC) to get 

Vi(p,A) = q(p)OiD + A_iOi(1 -p)(L - -TD) 

(13) 

+ Ai{O(l - A-i)(1 -p)(L - -rD) - c}, 

where (1 - A _i) is the probability that no lender other than lender i is in- 
formed of the project type. The terms in the bracket show that each lender's 
return from monitoring is lower than that of the equivalent single lender. 
First, the return is generated only when no other lenders are informed. Sec- 
ond, lender i will get only Oi fraction of the return. The best contract with 
many lenders will delegate monitoring to a single lender, say, lender i. Then, 
A-i = 0 holds. However, even the delegated monitor has to share the return 
with other lenders and gets only {Oi(1 - p)(L - -rD) - c} as his share of the 
return. The delegated monitor's incentive to monitor is maximized when his 
share of the return is maximized. Therefore, it is best when Oi = 1 or when 
there is only one lender.20 

IV. Two-Class Debt Contracts 

This section studies contracts with two seniority classes and characterizes 
the optimal two-class debt contract. The main result of this section is that 
two-class debt contracts dominate the optimal single-lender contract if there 
is a single senior lender who will be impaired in liquidation. Because he 
has a smaller stake in the project, an impaired senior lender has stronger 
incentive to liquidate the project and, therefore, a stronger incentive to 

19 The formula above assumes that lenders are treated proportionally when there is rene- 
gotiation. Thus, lender i gets Oi(L - Z(D)) at p E [pCl] and OiS(p,D) at p E [p,p). This 
assumption is made for convenience and does not affect our results in any way. 

20 If the monitoring intensity A is verifiable, lenders can devise a cost sharing scheme to 
allow the delegated monitor to get Oi [(1 - p) (L - vrD) - c]. In that case, the delegated monitor 
will have an incentive to monitor as strong as a single lender. Because A is not verifiable, such 
a scheme is not feasible. 
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monitor. It is also shown here that putting a monitoring lender in the junior 
position would make things worse because of the informational monopoly 
problem. A short discussion of properties of the optimal two-class debt con- 
tract is also provided. 

Suppose the borrower raises I by issuing one senior debt (pc, Ds) and one 
junior debt (pc,Dj). Let Is and IJ, respectively, denote the amount raised 
from the senior lender and the junior lender, so that I = Is + Ij. Denote D 
Ds + DJ, the total face value, and D = (Ds,Dj), the face value pair. In this 
section, we assume that there is only one lender in each class and the two 
lenders are different. The next section will discuss the optimality of multiple 
lenders and cross holdings of debt. 

As before, we have to calculate the equilibrium of the second period game 
determine the optimal two-class debt contract. What happens in that game 
depends both on the face values Ds and Di and on the relative restrictive- 
ness of the covenants pc and pc. There are two distinctive cases, depending 
on whether or not senior debt is impaired in liquidation: For each case, there 
are two subcases, depending on which of the covenants is more restrictive. 
Because cases with pc > pc can be discussed independent of the size of the 
senior lender's claim, we have the following three cases: (i) unimpaired and 
restrictive senior debt (Ds ' L and Pc ' pc), (ii) restrictive junior debt (pc > 

ps), and (iii) impaired and restrictive senior debt (Ds > L and pc ' pc). We 
discuss them in that order. 

A. Unimpaired and Restrictive Senior Debt: Ds ? L and pc ? Pc 

In this case, senior debt is so small that the senior lender will get paid in 
full if the firm is liquidated under the original contract. Therefore, his op- 
timal strategy is to demand liquidation or to demand full repayment of Ds 
in every state when p < Ps. As a result, senior debt has to be refinanced 
when p < Ps. Moreover, because his optimal strategy does not depend on his 
information, the senior lender has no incentive to monitor. Monitoring has to 
be carried out by the junior lender. In short, when Ds ? L and pc ' Pc 
senior debt is redundant, and the contract looks very much like a single- 
class debt contract with the junior lender acting as the only lender. We can 
prove the following proposition. 

PROPOSITION 4: Two-class debt contracts with Ds ? L and pc ' pc are not 
better than the optimal single-lender contract. 

Proof: Available from the author upon request. 

Although the intuition behind this proposition is quite simple, the exact 
proof is rather complicated because we have to consider several options avail- 
able to the borrower and the junior lender. Faced with the senior lender's 
repayment demand, the borrower can do one of the following: (i) make an 
exchange offer with the junior lender, (ii) directly renegotiate with the senior 
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lender, or (iii) refinance Ds in the public market. Note that the last two 
options are basically the same thing because either way, the borrower is 
replacing old senior debt with new senior debt issued to lenders with no 
monitoring information.21 On the other hand, the junior lender may (a) agree 
to do an exchange offer, (b) allow the borrower to raise Ds in the public 
market, or (c) buy all of senior debt himself. 

Because no outside investor is informed of the project type, a safe bor- 
rower would find it better to negotiate with the junior lender. In contrast, a 
risky borrower would rather refinance senior debt from uninformed sources 
than face an informed junior lender. Therefore, a borrower is more likely to 
be in the public market when the junior lender knows the project is risky. 
This creates an adverse selection problem and makes it difficult for even a 
safe borrower to refinance senior debt from outside sources. As a result, the 
borrower is forced to deal with the junior lender and is faced with the in- 
formational monopoly problem discussed by Rajan (1992). 

However, our result is quite the opposite of Rajan's. In his model, putting 
a monitoring lender in the junior position works better because it would put 
a limit on the monopoly rent the informed lender can extract from the bor- 
rower. The reason for the difference is that, unlike Rajan (1992), we endog- 
enize a lender's incentive to monitor. Thus, a lender's incentive to monitor 
depends on the seniority of his claim. 

The key to understanding our result is that when the informational mo- 
nopoly problem is present, the borrower is punished both ways. If the project 
is risky, he will be punished. If the project is safe, he will again be punished 
with the monopoly rent he has to pay to the junior lender. Contracts with 
Ds ' L and Pc ' pJ are worse than a single-lender contract because a risky 
borrower is less likely to be punished and a safe borrower is more likely to 
be punished. Compared to a single lender, a junior lender is less likely to 
punish a risky borrower because the return from doing so will go to the 
senior lender first. A junior lender is more likely to punish a safe borrower 
because he appropriates the full monopoly rent whereas a single lender can- 
not get any monopoly rent; a single lender's threat to liquidate is not cred- 
ible when he knows the project is safe.22 To sum up, contracts with Ds < L 

21 If junior debt has a covenant restricting new senior debt issue, the last two options are 
available to the borrower only when the junior lender waives the covenant. If the junior con- 
tract does not have such a covenant, then the borrower may be able to refinance Ds and avoid 
liquidation even when the project is risky. That is a real possibility when the senior claim is 
very small. Because, ex ante, the borrower does not want wrong liquidation decisions to be 
made, the best contract among those with Ds ' L and pS 2 pJ will put such a covenant in the 
junior debt contract. See Park (1995) for a proof. 

22 A single lender has a credible threat to liquidate only when q(p)D < L and the borrower 
does not know whether the lender is informed or not. However, because p with q(p)D < L will 
not be observed in equilibrium, a single lender cannot extract any monopoly rent. Rajan (1992) 
does not discuss whether the single lender's threat to liquidate is credible or not. Instead, he 
assumes that to refinance D, the borrower holds an auction, in which outsiders may bid even 
when the incumbent lender chooses not to bid. In our model, outsiders will never bid when the 
informed lender does not. 
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and pc ' pJ induce the borrower to choose a riskier strategy than single- 
lender contracts because such contracts provide the wrong incentives both 
for the borrower and the junior lender. This is the intuition behind the 
proposition. 

B. More Restrictive Junior Debt: pc > Pc 

The problem with contracts with unimpaired restrictive debt seems to be 
that the senior lender has an excessive incentive to liquidate the project, 
forcing the borrower to refinance senior debt for all p < Ps. Therefore, one 
might conjecture that giving the senior lender a less restrictive covenant 
than the junior lender would work better. However, we can show that is not 
the case. 

PROPOSITION 5: Irrespective of the face values Ds and Di, two-class debt con- 
tracts with pc > pc are strictly worse than the optimal single-lender debt 
contract. 

Proof: Available from the author upon request. 

To understand the logic behind this proposition, consider contracts with 
Pc = 0 and Ds > L; other cases can be dealt with similarly. If the project is 
liquidated under the original contract, the junior lender ends up with noth- 
ing. Therefore, he has no incentive to liquidate the project while he is the 
only lender who has the right to liquidate the project. Therefore, the only 
way for a senior lender to liquidate the project is to promise the junior lender 
more than TrDj out of the liquidation value L. In effect, renegotiation of this 
sort disrupts the seniority structure. The distinction between the senior lender 
and the junior lender is blurred, and the monitoring return will be shared by 
the two lenders. Therefore, contracts will look more like a single-class debt 
contract with two lenders, which is worse than the optimal single-lender 
contract. 

It might seem that the senior lender is given too much protection; he is 
senior and at the same time has more restrictive covenants. However, as the 
proposition above shows, the seniority rule alone would not make a senior 
lender truly senior unless the covenant structure gives him the control rights. 
If the covenant structure is to disrupt the seniority structure, it would be 
better not to prioritize debt in the first place. In other words, the covenant 
structure and, thus, the maturity structure must be set in conformity with the 
seniority structure. 

C. Impaired and Restrictive Senior Debt: Ds > L and pc ' Pc 

This is where we will find the optimal two-class contract. The way each 
subgame is played makes these contracts very similar to a single-lender 
contract. Therefore, we use the same method as in the single-lender contracts. 

We first establish that we can safely assume P= 0 and that the junior 
lender does not monitor at all under these contracts. To see why, note that 
because the junior lender gets nothing if the firm is liquidated under the 
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original contract, he will seek to avoid liquidation as much as possible. There- 
fore, even if he is the only lender who knows the project is risky, he will not 
reveal that information; if convinced, the senior lender can and will unilat- 
erally liquidate the project, leaving nothing for the junior lender. Similarly, 
when he knows the project is safe, the junior lender has no way to convince 
the senior lender of that because the junior lender wants even a risky project 
to continue. Because the junior lender has no use for the monitoring infor- 
mation, we can safely assume that the junior lender does not monitor. Fur- 
thermore, because the junior lender will not exercise his control rights, we 
can also assume that the junior debt contract has the least restrictive cov- 
enant pc = 0.23 

As in the single-lender contracts, we will first consider the case where the 
senior lender is informed of the true project type. When the project is safe, 
it will continue under the original contracts for all p. If the project is risky, 
then the project will be liquidated for all p. Liquidation occurs under the 
original contracts if p < pc. If p ' pc, then the project will be liquidated 
after renegotiation because the senior lender has to seek the borrower's ap- 
proval. Let Zi (D) be the renegotiated share of the liquidation value for party 
i = S,J,B. Then, no matter how we model the renegotiation game, the re- 
sulting outcome (ZS ,j,Z B) must satisfy 

TDk?Zk<Dk, rT(B -D) ?ZB, and ZS +ZJ+ZB=L' (14) 

where k = S, J, and D = DS + DJ. The inequalities Zk < Dk for k = J,S a 
reconsistent with the impairment rule of the bankruptcy code. 

Now, suppose that the senior lender is not informed about the project type. 
Lemma 1 of Section III applies here again, and the senior lender will make 
decisions based solely on his own information, namely, on p. If q (p)Ds ' L, 
then an uninformed senior lender has no incentives to liquidate, and the 
project continues under the original contracts. If q (p) G < L, the senior lender 
has incentive to liquidate, and there is no room for renegotiation, so the 
project will be liquidated under the original contracts. 

The case with q(p)Ds < L and q(p)G L needs some explanation. Be- 
cause q (p)Ds < L, an uninformed senior lender has an incentive to liquidate 
the project, but the borrower can avoid liquidation by raising the face value 
of the senior claim (q(p)G - L). Suppose that the bargaining power of each 
player is such that the senior lender agrees to let the project continue in 
exchange for a new face value S(p,D), where D = (DS,Dj). Then, the new 
face value must satisfy 

q(p)S(p,D)-L and S(p,D) G. (15) 

23 The only time the junior lender might have incentives to monitor is when he expects p E 

[p, 1] to be played in equilibrium. However, because the optimal contract has p' = 1, this is 
irrelevant. 



Monitoring and Structure of Debt Contracts 2177 

Note here that because S(p,D) > Ds, promising S(p,D) amounts to issuing 
more senior debt. However, it does not matter whether the junior debt con- 
tract has a covenant prohibiting new senior debt. If it does, the junior lender 
has no other choice but to waive the covenant and allow the renegotiation to 
proceed. 

Under the new contract, the borrower's total indebtedness is T(p,D)- 
min{S(p,D) + Dj,G}, and the junior lender gets J(p,D) min{Dj,G 
S(p,D)}. Therefore, by waiving the covenant and allowing renegotiation to 
proceed, the junior lender is effectively making concessions because his claim 
is diluted when Dj > G - S(p,D). 

Besides renegotiation, there are two other ways to avoid liquidation: refi- 
nancing senior debt from outside investors or making an exchange offer to 
the junior lender. However, neither option will work because whenever the 
borrower tries either of the two options, both outsiders and the junior lender 
will believe the project is risky for sure. If they believe the project is safe 
with a positive probability r > 0, then the borrower will come to them only 
when the senior lender's belief is below r. Conditional on the senior lender's 
belief being lower than r, the correct belief of both outsiders and the junior 
lender must be lower than r. In other words, because the senior lender is the 
only lender who could be informed, all beliefs r > 0 are self-defeating. Once 
outsiders and the junior lender have the belief r = 0, it is impossible to raise 
Ds from them because Ds > L > -TG. Even the junior lender, who has a 
vested interest in the project, will not accept any exchange offer because the 
most he can get from providing Ds > L is v-G < L.24 

Summarizing our discussion, we now can describe equilibrium payoffs to 
the borrower U(p, A), and to the lenders-Vs(p, A) to the senior lender 
and Vj(p, A) to the junior lender. Because only the senior lender monitors, 
A is the senior lender's monitoring intensity. The formulas below also use 
abbreviations such as T T(p,D), S S(p,D), and J J(p,D). The 
critical values Ps and p are defined by q(ps)Ds = L and q(p)G = L, 
respectively. 

p(G - D) + (1 - A)(1 - p)T(B-D) +A(1 -P)ZB ifp 'Psc 

U(p,A)= JP(G-D) +(1-A)(1-p)Xi(B-D) ifps p<PC 

Ap(G -D) + (1- A){p(G - T) + (1 -p)iT(B - T)} ifp 'p <Ps 

Ap(G-D) ifp <p 

(16) 

24 Because the senior lender gets q (p) S (p, D) from the renegotiation, the borrower may have 
to raise only q (p) S (p, D), not Ds. Because q (p) S (p,D) 2 L, raising q (p) S (p, D) is not possible 
either. 
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q (P)DS + A{ (1 - P) (Zs - -iTDS) - c if p ': PCs 

q(p)Ds + A{(1 -p)(LZ -irDs) - c} ifPs 'P <Pp 
Vs (P, A) = z 

q(p)S + A{(1-p)(L - rS) - p(S -DS) - c} ifp ' p <Ps 

L + A{p(DS - L) - c} ifp <p 

(17) 

q(p)DJ + A(1 -p)(ZJ - TrDj) if p ' Ps 

VJ(P,A) = Xq(p)Dj - A(1 -p)TrDj ifp ?P 'P7 

q(p)J-A(1-p)-rJ if p '?p <PS 

ApDj if p <p 

(18) 

Contracts with 
pc 

< 1 again are dominated by contracts with 
pc 

= 1 because 
they weaken the senior lender's incentives to monitor and do not punish the 
borrower enough. Therefore, we assume pc = 1 in what follows. 

Note here that the borrower's payoff is the same as that of the single- 
lender contract, except for the facts that Ps replaces p and that we use 
different notations such as ZB(D) and T(p,D). The senior lender's payoff is 
also similar to that of the single lender. Moreover, because the junior lender 
does not monitor, his payoff is irrelevant. Therefore, the equilibrium strat- 
egy pair (p *,A*) will be quite similar to that of the single-lender contracts. 
For example, the borrower never chooses p with q(p)D < L under the 
single-lender contract. Here, the borrower again chooses p ? Ps even though 
he could dilute the junior claim by choosing p < Ps. The reason is that 
dilution of the junior claim occurs only when the borrower makes the max- 
imum payment or when T(p,D) = G, and it thus would hurt the borrower 
also. 

As explained in the case of the single-lender contract, each player's 
equilibrium strategy is determined by the other player's incentives. First, 
the borrower's equilibrium business strategy p* will be determined by 
the senior lender's incentives to monitor. Given that the borrower chooses 
p in [p$,1), the senior lender's incentive to monitor is (1 - p)(L - iTDs) - c, 
the marginal return from monitoring at p C [PS, 1). At the equilib- 
rium value p*, the marginal return must be zero. Similarly, the senior 
lender's optimal monitoring intensity A* is determined by equating the mar- 
ginal return of a risky strategy at p C [ps, 1) to zero or by the relation 
(G - D) = (1 - A*)wr(B - D). Thus, the equilibrium strategy pair (p*,A*) 
satisfies 
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(1 -p*)(L - rDs) =c. (19) 

(1 - A*) = (G - D)/'n(B - D), (20) 

and the borrower's equilibrium payoff is (G - D).25 
Because the borrower enjoys (G - D) in equilibrium, he will choose a con- 

tract that minimizes the total face value D = Ds + DJ. Using this and the 
equation (1 - p *) (L - wTDS) = c, we can rewrite the lender participation 
constraint as the following equalities: 

p*Ds + (1 - p*)7TDs = Is, (21) 

p*Dj + (1 - A*)(1 - pp*))Dj = I - Is. (22) 

Equations (19)-(22) allow us to express D = Ds + DJ as a function of the 
amount raised by senior debt, Is. By minimizing D by the choice of Is, we 
get the following characterization of the optimal two-class debt contract. 

PROPOSITION 6 (Optimal Two-Class Debt Contract): There exists a unique op- 
timal two-class contract {(p *, D*), (p*, D*)}. It is characterized by 

PC* 1, (23) 

Is = L, (24) 

(Ds - L)(L - wrD*) = (1 - T)cD*, (25) 

(B - Ds - D*)(D* - I + L)(L - wrD*) = (B - G)cD*, (26) 

where Ds and DJ are the smallest values satisfying equations (25) and (26). 
Under the optimal contract, the borrower's payoff is (G - D*). Furthermore, 
(i) it does not matter whether or not the junior debt contract has a covenant 
restricting new senior debt issue, nor does the value pc matter; and (ii) the 
optimal two-class debt contract strictly dominates the optimal single-lender 
contract. 

Proof: See the Appendix. 

25 Although there are other equilibria of the game, they are easily eliminated as unreason- 
able by the forward induction criterion of Kholberg (1989) and the noise-proofness criterion of 
Carlsson and Dasgupta (1997). However, when Is = L, the equilibrium A is not unique, and any 
A E [A, A*] is an equilibrium for some A > 0; see the Appendix for details. We choose to discuss 
only A* for two reasons. First, contracts whose prices are based on A' < A* will not be accepted 
by the junior lender if he believes the senior lender will choose A C (A', A* ]. Second, because the 
borrower's payoff function is decreasing in A, the borrower's payoff (G - D) that is generated by 
A* is the worst he would get. Because our purpose is to show that the above contracts are better 
than others, the choice of A* as an equilibrium only strengthens our result. 
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Under the optimal two-class debt contract, the senior lender contributes L, 
the full liquidation value, which is the smallest amount that will keep him 
impaired by liquidation. Equations (25) and (26) determine the optimal face 
value of each debt and are simply equations (21) and (22) with Is = L and 
equations (19) and (20) plugged in. 

As can be seen from equations (21) and (22), senior debt is cheaper than 
junior debt. The interest rate charged on junior debt is 1/[q(p*) - 
A* (1 - p *) -], whereas the rate on senior debt is only 1/q (p *). Junior debt is 
more expensive because monitoring could make junior debt worthless by 
letting liquidation occur. 

Even though senior debt is cheaper, using less senior debt is better. As 
more senior debt is used, the senior lender's incentive to monitor gets weaker, 
and costs of both classes of debt will rise. This is the case because a bigger 
contribution from the senior lender would increase the size of his claim and, 
therefore, his share of the going concern value of the project. Because what 
he gets from liquidation does not change, the senior lender will thus be more 
reluctant to liquidate the project and less likely to monitor. In other words, 

aD 
> 0 (27) 

holds. The characterization of the optimal two-class contract is an immedi- 
ate consequence of this. 

Because the optimal single-class debt contract corresponds to the case where 
Is = I, inequality (27) also proves that not just the optimal two-class contract 
but any two-class contract with Ds > L and ps = 1 dominates the optimal 
single-lender contract. Two effects are at work here. First, an impaired se- 
nior lender has stronger incentives to monitor than a single lender because 
he has stronger incentives to liquidate the project. Second, as long as Is < I, 
q(p)Ds < L holds whenever q(p)D ' L, and it can happen that q(p)Ds < L 
holds but not q(p)D < L. In other words, even when they are not informed 
of the true project type, an impaired senior lender has incentives to liquidate 
the project more often and earlier than a single lender. Both effects force the 
borrower to choose a higher p than under the optimal single-lender contract. 

Under the optimal two-class contract, only the senior lender monitors, and 
the senior debt contract has the most restrictive covenant, P* = 1. Another 
characteristic of the optimal two-class contract is the following: Only the 
senior lender will be involved in renegotiation with the borrower, whereas the 
junior lender is in no position to bargain with the borrower. In other words, 
at some observations of p, there will be a senior lender-borrower coalition, 
which will sometimes do harm to the junior lender through dilution of the 
junior claim. This is the setup used by Bulow and Shoven (1978), and our 
theory explains why this is what we should expect. 

Moreover, under the optimal two-class contract, it does not matter whether 
renegotiation with junior lenders is very difficult or not. If renegotiation with 
junior lenders is costly, the borrower will simply give the junior lender the 
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least restrictive covenant, Pi 0, and no covenant prohibiting new senior 
debt issue. One testable implication of our theory is thus that whether or not 
the junior claim has these covenants should not affect the pricing of junior 
debt (net of renegotiation costs). Brealey and Myers (1996) note that during 
the 1980s most bond issues did not have covenants restricting new debt 
issue. Diamond (1993a) makes a similar observation. 

As for the face value D * of the optimal contract, note that at optimum the 
borrower gets (G - D*). Because (G - I) is what he is going to get if there 
is a commitment mechanism ensuring the choice of p = 1, the difference 
(D* - I) represents agency costs of debt. Rewrite equations (21) and (22) 
using equation (19) and get an expression 

(D* - I) = A*c + (1 - p*){D* - [A*L + (1 - A*)rD*1}. (28) 

Therefore, agency costs have two components: the monitoring costs A*c and 
a default premium. The second term is the expected loss to the lender due to 
a low choice of p; if p* = 1, then it disappears. The optimal face value D* is 
the sum total of the minimum required return, the monitoring costs, and the 
default premium for the lender. 

V. Optimal Debt Structure and Implications 

A. Optimal Debt Structure 

We now discuss cases where there are more than two classes of debt. Sup- 
pose that there are n lenders with lender i holding the ith most senior debt 
of face value Di, i 1, 2,..., n. When D1 c L, let k be the largest integer with 
D1 + ... + Dkl ' L. Then, the first (k - 1) lenders have no incentive to 
monitor, and we can consider them as belonging to the same (most senior) 
class with a total face value of Ds D1 + + Dkl1. Because lenders i > k 
also have no incentive to monitor (they get nothing in liquidation), it is lender 
k who has to monitor and refinance Ds if necessary. In other words, this type 
of contract is equivalent to contracts with Ds ' L and thus is dominated by 
the optimal two-class contract. If D1 > L, then lender one monitors, and it 
does not matter how many classes of junior debt are issued. Because this 
holds true for all n, we have the following proposition. 

PROPOSITION 7 (Optimal Number of Seniority Classes): Issuing the optimal 
two-class debt contract is enough. Issuing more than two classes cannot do 
any better than the optimal two-class debt contract. 

So far, we have assumed that there is only one lender in each class. It 
must be obvious now that the number of lenders in a given class matters 
only when monitoring is carried out by a lender of that class. Therefore, the 
number of junior lenders does not matter because they do not monitor under 
the optimal contract. Moreover, as Proposition 3 of Section III indicates, it is 
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best to make the monitoring lender the only lender in his class. Because only 
the senior lender monitors under the optimal debt structure, it is best to 
have only one senior lender. 

PROPOSITION 8 (Optimal Number of Lenders): It is best to have only one senior 
lender whereas the number of junior lenders does not matter. Therefore, ju- 
nior debt can be widely held. 

The monitoring costs in our discussion are those that the contract itself 
has to cover. If investors have other ways to be compensated for some of 
their monitoring costs, then those costs are not included in our costs. For 
example, as emphasized by Black (1975), if a bank gets some information 
about a borrower by managing his deposit accounts, then costs of getting 
that information will be charged on the deposit accounts, and the debt con- 
tract does not have to cover those costs. Therefore, even if investors have the 
same monitoring technology, financial intermediaries such as banks would 
have some advantage over others because they are already in the business of 
monitoring potential borrowers and part of the monitoring costs are in- 
curred outside the contract. Therefore, we have the following proposition. 

PROPOSITION 9: Financial intermediaries will hold senior debt, whereas ju- 
nior debt can be held widely. 

This combination of senior bank loan and junior public debt is the most 
commonly observed pattern of debt finance. In most leveraged buyouts (LBOs), 
banks or other financial intermediaries provide senior credit, and the rest of 
the financing is provided by others. Our theory predicts that the senior lender 
will be the one who has an ongoing relationship with the borrower. 

Note also that our theory is in line with Diamond's theory of financial 
intermediaries as delegated monitors (Diamond (1984)). Here, banks are del- 
egated monitors for the junior lenders in the sense that it is the senior lend- 
er's monitoring that allows borrowing and lending to occur in the first place. 
However, once the contracts are in place, junior lenders do not want the 
senior lender to monitor because monitoring raises the chances of the firm 
being liquidated. Therefore, although the senior lender acts like a delegated 
monitor for the junior lender, there is no need for the junior lender to monitor 
the delegated monitor. 

The discussion above makes it clear that the optimal debt contract drives 
a wedge between the senior and junior lender. Therefore, it is necessary that 
the two lenders are different. If the senior lender holds some junior debt as 
well, then his monitoring incentives will be weaker, and the borrower has to 
pay higher financing costs. 

PROPOSITION 10: It is never optimal for a senior lender to hold part of the 
junior debt. If a bank is the senior lender to a firm, then the bank will not 
hold any junior debt contracts. 

This suggests that even when they are allowed, banks will not be holding 
junior securities such as subordinated debt or equities. Even though we do 
not know of any empirical studies on this, casual observations indicate that 
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it is at best rare that a senior lender also buys subordinated debt at the 
initial financing stage. One might consider the prevalent use of strip financ- 
ing in the early 1980s as a counterexample of this prediction. However, as 
reported in Kaplan and Stein (1993), most strip financing takes the form of 
subordinated debtholders buying equity, and it is rare that the senior lender 
provides equity capital. One testable implication of our theory is that junior 
lenders buying equity will not affect the terms of debt contracts because the 
senior lender's monitoring incentives will not change. 

B. Debt Maturity Structure 

One way to interpret the covenant pC is in terms of debt maturities. The 
most restrictive covenant P` = 1 gives the senior lender the right to force 
liquidation, except for the case when p = 1 is observed. Because the bor- 
rower always violates this covenant in equilibrium, senior debt in our model 
is effectively short-term debt maturing at date one. On the other hand, ju- 
nior debt in our model can be considered as long-term debt in the sense that 
its loan covenants do not matter and junior lenders never get to exercise 
their control rights even if they have such rights.26 

PROPOSITION 11: Senior debt will be short term and junior debt will be long term. 

Therefore, financial intermediaries will hold short-term senior debt whereas 
the public will hold long-term junior debt. Diamond (1993a, 1993b) makes 
the same prediction. Consistent with our theory, Tufano (1993) finds that in 
the acquisition financing done in the late 1980s, bank loans had a median 
maturity of 48 months, whereas public debt had a median maturity of 120 
months.27 

In our model, asset substitution occurs right after the debt agreement is 
signed, and short-term debt matures immediately after that. In reality, lend- 
ers may not be certain when and whether asset substitution will occur, and 
short-term debt may mature before asset substitution becomes a real possi- 
bility. For these cases, the theory predicts that the initial short-term debt 
will be so large that whenever it is repaid in full, the possibility of asset 
substitution is significantly reduced. In other words, short-term debt is not 

26 Because our model is a simple two-period model, it cannot distinguish between covenants 
and maturities. For example, our model does not allow for long-term debt with more restrictive 
covenants than short-term debt. However, from our analysis, one can easily deduce that such a 
long-term debt contract is never optimal. Because covenants and maturities are set to maximize 
the senior lender's incentives to monitor, senior debt will have the most restrictive covenants 
and the shortest possible maturity. Otherwise, junior long-term debt will have a shorter effec- 
tive maturity, and the seniority structure will be destroyed. 

27 We do not argue that the control aspect completely determines debt maturity choice. Dia- 
mond (1991, 1993a) shows that informational sensitivity is another determinant of debt matu- 
rity. For an excellent survey on both theoretical and empirical fronts, see Ravid (1996). 
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meant to be repaid but to be rolled over. That way, junior lenders can still 
count on senior short-term lenders monitoring the borrower when asset sub- 
stitution becomes a real possibility.28 

C. Comparative Statics 

Suppose that borrowers differ in their investment requirement I, whereas 
other parameters are the same. A borrower with a higher I is riskier because 
the closer I gets to G, the more likely the borrower is to choose a risky 
strategy. In the context of an LBO, the variable I, with G and B being fixed 
represents the price/cash flow ratio Kaplan and Stein (1993) use. Therefore, 
a borrower who pays a higher price I per one dollar of cash flows has greater 
incentives to pursue risky strategies. However, this increase in risk would 
affect neither the amount Is raised by senior debt nor the rate charged on 
senior loans because both Is and the rate are determined solely by the size 
of the liquidation value L. 

PROPOSITION 12: The riskiness of the borrower defined by the initial invest- 
ment I affects neither the amount raised by senior debt nor the terms of the 
senior debt contract. However, as I increases, more junior debt is used, and 
junior debt becomes more expensive. 

As the investment requirement I increases, the senior lender's incentive to 
monitor does not change; his contribution and face value are determined 
solely by the size of the liquidation value. Because the borrower's choice of p 
depends on the monitoring incentives of the senior lender, the equilibrium p 
value will not be affected by an increase in I. On the other hand, the senior 
lender's actual monitoring intensity depends on the borrower's incentive to 
choose a risky strategy, which is stronger due to an increase in I. Therefore, 
the senior lender has to carry out more monitoring to maintain the same 
level of p. Note here the distinction we make between monitoring incentives 
and the actual monitoring (see footnote 3). This makes junior debt more 
expensive because liquidation is now more likely; higher A* is chosen at the 
same p*. Moreover, because the amount Is raised by senior debt stays the 
same, junior lenders have to contribute more. 

In the context of LBO transactions, an increase in I occurs when the ac- 
quisition price goes up relative to earnings potential. Kaplan and Stein (1993) 
report that in LBOs done in the late 1980s, senior debt pricing did not show 
much sensitivity to earnings potential. Although they interpret this evidence 
as suggesting an overheated market, our analysis suggests a different inter- 

28 Repayment of large short-term debt reduces the chances of asset substitution because the 
company now has a smaller amount of debt. Moreover, only well-performing borrowers will be 
able to do that, making asset substitution less likely. Sinking fund provisions, for example, can 
be used to force the company to use cash flows to reduce long-term debt and not to repay 
short-term debt in full unless the company has huge cash inflows. If retiring short-term debt is 
not feasible, the borrower's performance is not stellar, and short-term lenders will have to stay 
and monitor the borrower. 



Monitoring and Structure of Debt Contracts 2185 

pretation. Consistent with our theory, Kaplan and Stein (1993) also find that 
as the buyout prices increased, more junk bonds were used than before. The 
same prediction is obtained by Diamond (1993a) via a different route. 

PROPOSITION 13: As the liquidation value increases, more senior debt will be 
used. Both senior debt and junior debt become cheaper, and the total face 
value decreases. 

Proof See the Appendix. 

When the liquidation value L increases by $1, the senior lender contrib- 
utes $1 more and gets $1 more when he liquidates the project. However, if 
the senior lender allows the project to continue, his payoff will increase by 
less than $1 because of the risk. Therefore, as L increases, the senior lender 
has a stronger incentive to liquidate and thus to monitor, and the borrower 
will choose a higher p*. That, in turn, lowers the interest costs of both debt 
and the borrower's total indebtedness. Our prediction is consistent with the 
findings of Alderson and Betker (1995), who find that firms with a smaller 
liquidation value relative to the going concern value (higher liquidation costs) 
use more public, unsecured debt. 

VI. Conclusion 

The main idea of this paper is that it is best to delegate monitoring to a 
senior lender. The observed structure of debt contracts can be explained as 
a way to maximize the senior lender's incentives to monitor. Seniority, cov- 
enants, and maturities are all chosen to accomplish that objective. We have 
also shown that having junior lenders monitor the borrower is not as effec- 
tive as a senior lender carrying out monitoring because of distorted incentives. 

According to our theory, what is required of a senior lender is expertise in 
gathering information about the borrower and making the right liquidation 
decisions. The role of banks as a senior lender is to be tough on the borrower 
ex post when things go wrong, so that the moral hazard problem can be 
prevented ex ante. Supposedly, borrowing from banks has the advantage of 
easy renegotiation. However, we seldom see banks forgive debt out of rene- 
gotiation. Although regulations may explain part of the bank's behavior, our 
theory suggests their actions are indeed the way they are meant to be. 

On the other hand, junior lenders are in a very weak bargaining position. 
They stand to lose a lot if the project is liquidated. Therefore, if concessions 
ever occur, they are likely to come from junior lenders. The combination of a 
tough senior lender and soft junior lenders makes it more convenient and 
easy for the borrower to form a coalition with the senior lender. This is the 
presumption of Bulow and Shoven (1978) and is consistent with findings of 
Asquith, Gertner, and Scharfstein (1994). 

If the borrower controls only the probability distribution of the covenant 
variable p, all the p e [0,1] are observable even though p near p * will be 
observed more often. Under this broad interpretation, our theory also sheds 
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light on the renegotiation outcome of financially distressed firms. For ex- 
ample, our theory suggests that the senior lender will be better informed 
than junior lenders, so that total restructuring of debt involving both classes 
of lenders will be difficult because of the informational asymmetry. This 
point is consistent with the findings of Asquith et al. (1994). The informa- 
tional asymmetry would also make it very difficult for a financially dis- 
tressed firm to refinance even part of its debt in the public market. 

We assume that the liquidation value is known in advance. If the liqui- 
dation value is stochastic, the same analysis goes through. However, if the 
liquidation value fluctuates over time, then the size of senior short-term 
debt has to adjust accordingly. How that is achieved will be an interesting 
extension of the model. Another possible extension of the model is to allow 
for investment decisions at date one. If the borrower can take some actions 
at date one, we might see some debt forgiveness by lenders. 

Our theory is in line with the recent research program on debt contracts, 
namely, the control aspect of debt. When renegotiation is possible, exercise of 
the control rights becomes more subtle because covenants may be waived 
and may not be enforced because of lack of incentives on the lender's part. 
However, our analysis shows that properly structured debt contracts can 
effectively control the borrower's moral hazard problem. Although our theory 
also touches upon problems such as debt maturity structure and informa- 
tional monopoly, further research is needed. 

Appendix 

Proof of Proposition 1: Fix (p? DO) where I c Do < G and consider the 
following contract. For all p, the lender has the right to liquidate the project 
and gets L if he liquidates the project. The contract has a face value contin- 
gent on p that is given by 

[Do whenp=-po 
D (p) = 0 (Al) 

G whenp 0p0. 

This contract is designed to give the borrower the strongest possible incen- 
tives to choose p = p0 for some prescribed p0. If this contract does not induce 
the borrower to choose p = p?, then no other contract will do so. It is easy to 
show that as long as q(p0)D? D0 L, this contract is renegotiation proof and 
the borrower's payoff will be 

p?(G - DO) + (1 - p?)(B - D?) whenp=po 

U(p) (1 - p)w(B - G) whenp-p andp p0 (A2) 

t 0 when p < p, 
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where p satisfies q(p)G = L. If po is chosen as prescribed, the lender gets 
q(p0)D0. To give the lender the required return, q(p0)D0 - I must hold. If 
assumption (P2) is satisfied, then 

U(p0) p?G + (1 - p0)wB - q(p0)D0 

(A3) 

' (G - I) < (1 - p)T(B - G) = U(p), 

and the borrower chooses p over p0, leaving only L for the lender. Therefore, 
no investor would accept the contract. Because this holds true for any (p?,D?) 
with q(p0)D?D0 ?-I, no contract, including multiple-class debt contracts, will 
be acceptable. On the other hand, if assumption (P2) does not hold, then the 
above contract with (p 0, D 0) = (1, I) can implement p = 1. Q.E.D. 

Proof of Proposition 2: Because contracts with pC 1 are very different 
from contracts with pC < 1, we first find the equilibrium outcome of each 
contract. First recall that p and p are defined by q (p)D = L and q (p)G = L, 
respectively. 

CLAIM 1: If pC > p, then for all values of A, the borrower's optimal choice of 
p lies in [p,pC]. If pC c p, then the borrower chooses p = pC. 

Proof of Claim 1: Obviously pC dominates all p E [0, p). Because Z(D)- 
r(B - D), U(p,A) is strictly decreasing inp when p E [pC,1], so that pC also 
dominates p > pC. Suppose pC ? p. Then, q(p)S(p,D) - L = q(p)D and G > 
-rB imply the following: for all p E [ p, p) and A E [0,1], 

U(p,A) = Ap(G - D) + (1 - A){[pG + (1 - p)iiB] - q(p)S(p,D)} 

<Ap(G - D) + (1 - A){[pG + (1 - p)wB] - q(p)D} =U(p, A), (A4) 

so that p dominates all p E [p,p). In sum, if pC, p, only p E [p,pC] can be 
optimal. Similarly, if pC < p, then pC dominates all p E [p,pC). Therefore, if 
pC c p, only pC is optimal. Q.E.D. of Claim 

Definition: Within each range of p, the function V(p, A) is linear in A. The 
coefficient of A is a function of p and is denoted by m(p). For example, 
m(p) = (1 - p)(L - -rD) - c when p E [p,pC). We call this function m (.) the 
incentive-to-monitor function. 

CLAIM 2: A contract with pC 1 is acceptable only if m(p) > 0. Each accept- 
able contract (1,D) has a unique equilibrium (p*,A*) such that (1 - p*) = c/ 
(L - i-TD) and (1 - A*) = (G - D)/I-T(B - D). The best contract with pC = 1 has 
a face value D* as the smaller of the two solutions to the equation 

f(D) = (D - I)(L - ijD) - (1 - ii)cD = 0. (A5) 

The borrower's equilibrium payoff from the contract (1,D*) is (G - D*). 



2188 The Journal of Finance 

Proof of Claim 2: For any face value D, each player's optimal response 
function is as follows: 

p 1 if A > A* 1 if m(p) > 0 

p(A) = any p e[p,1I] if A = A* A(p) any AE[0,1] if m(p) = 0, 

t p if A < A*, { 0 if m(p) < 0 

(A6) 

where (1 - A*) - G - D/I(B - D). Suppose m(p) ' 0. Then, m(p) < 0 and 
A (p) = 0 for all p > p, which implies p > p is not an equilibrium. Therefore, 
the only equilibrium occurs at p and satisfies Am (p) = 0. Because the lender 
then gets only V(p) = q(p)D + Am(p) = L, contracts with m(p) c 0 are not 
acceptable. 

Now, suppose m(p) > 0. Then, A(p) = 1 holds, and thus p is not an equi- 
librium. Neither is p = 1 because A(1) = 0. Therefore, the only equilibrium 
is (p*,A*), where p* E [p,1] and satisfies m(p*) 0 O so that A(p*) = A*. 
Because the borrower gets (G - D) in equilibrium, he will choose the small- 
est D with q(p*)D -I. Rewriting the equation q(p*)D = I using m(p*) = 0 
gives us equation (A5). Because f(I) < 0, and f(G) > 0 by the assumption 
(P3), the smaller solution to the equation f (D) = 0 lies in (I, G). 

Q.E.D. of Claim 

CLAIM 3: A contract with pC < 1 is acceptable only if m(pc) - 0 holds and the 
borrower chooses p = pC. The maximum he can get from a contract with 
p, < I is 

Uc = pcG + (1 - pc)L - (I + c). (A7) 

Proof of Claim 3: Suppose m(pc) < 0. If pc c p, the borrower chooses pc 
for all A. Because the lender then gets only V(pc,A) = q(pc)D + Am(pc) c 
q(pc)D ' q(p)D = L, he will not accept the contract. If p < pC < 1, the 
borrower chooses pC only if A ' A, where A satisfies U(pc, A) = U( p, A); other- 
wise, he chooses p. Because m(pc) < 0 implies A(pc) = 0, the only equilib- 
rium is p with m(p) c 0. Then again, the lender gets less than L, and the 
contract is not acceptable. Thus, an acceptable contract must have m (pC) - 0. 

Therefore, the borrower chooses p = pC in equilibrium and gets 

U(pc,A) {pCG + (1 -pC)( - A)TB + (1 -pC)AL}- (I + Ac) 

<{pC + (1 - pC)7TB} + A{(1 - pC)(L - 7TB) ec} - I (A8) 

'<pcG+ (1 -pc)L - (I+ c) -UC, 
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where the last inequality comes from 

(1 - pC)(L - TB) - c-(1 (pc)(L -wrD - Z(D)) - c--m(pc) ? O (A9) 

because Z(D) ? -r(B - D). This proves the claim. Q.E.D. of Claim 

CLAIM 4: The contract (1,D*) dominates all the acceptable contracts with pC < 1. 

Proof of Claim 4: The contract (1,D*) gives the borrower 

U* -p*G + (1 -p*)(1 - A*)iTB + (1 -p*)A*L - ( + A*c), (A10) 

where p*, A*, and D* are defined in Claim 2. Take the difference, and get 

(U* - UC)-(p* -pc)(G -L) -(l- A*)[(1 -p*)(L - 7TB) - c]. (All) 

Because (1 - p*)(L - 7-TD*) = c, we have (1 p*)(L - -rB) - c < 0. On the 
other hand, from equation (A9), (1 - pc)(L - ITB) - c - 0. Thus, p* > pC 
holds, and so does U* > Uc. Q.E.D. of Claim 

Proof of Proposition 3: We can safely ignore contracts with pC 

maxi pi < 1 because they are dominated by contracts with pC = 1. Suppose 
there are n lenders i1, i2,... 'in monitoring the borrower in equilibrium and 
let M ={i, i2, .. ., in} be the set of monitoring lenders. As in the case of the 
single-lender contract, any acceptable many-lender contract with pC - 1 has 
a unique equilibrium characterized by 

(1 - AM) - (G - D)/I7T(B - D), (A12) 

i (I- pm) (l-M (L-TD)-c = 0, for i E M, (A13) 

oj(I- pm) (1-AMi(L - TD) - c <, for i (4M, (A14) 

where (1 - A^f) is the probability that none of the lenders other than i is 
informed of the project type. Because (1 - AM) = (G - D)/IT(B - D), the 
borrower gets (G - D) in equilibrium. From the last two equations, and from 
the lender participation constraint, we can derive 

pMD + (1 -pM)L - (1 -M)(1 - AM)(L - i-TD) I 61 ' I + nc. (A15) 
i(M 

On the other hand, the equilibrium (ps, As) for the equivalent single lender 
satisfies 

(1 - AS) = (G - D)T(B - D), (A16) 

(1 -ps)(L - r-D) - c = 0, (A17) 
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and the borrower gets the same payoff of (G - D). Because Oi(I - AM.) < 1, 
pS > pM, and As = AM, the equivalent single lender gets in equilibrium 

pSD + (1 -ps)L - c >pMD + (1 -pM)L - c 

-I + (n - 1)c + (1 - pM)(1 
- AM)(L - -TD) I Qi > I, 

i(M 

(A18) 

where we used equation (A15). Therefore, the equivalent single lender's par- 
ticipation constraint is also satisfied, and the contract (pc,D) is an accept- 
able single-lender contract. Because the optimal single-lender contract is 
unique and satisfies p*D* + (1 - p*)L - c = I, it strictly dominates the 
equivalent single-lender contract and thus the above many-lender contract; 
recall the borrower's equilibrium payoff is the same. This holds true for any 
N and M and for any initial holding {O1,...,ON}. Therefore, the claim is 
proved. Q.E.D. of Claim 

Proof of Proposition 6: To prove Proposition 6, we first prove the following 
lemma. 

LEMMA 1: For an acceptable contract, there is a unique equilibrium p* that 
satisfies the forward induction criterion of Kholberg (1989) and the noise- 
proofness of Carlsson and Dasgupta (1997). It is characterized by equation 
(19). If Is > L, A* characterized by equation (20) is the unique equilibrium. If 
Is L, the equilibrium A lies in an interval [A, A*] for some A > 0. 

Proof of Lemma 1: The proof of the lemma is divided into five steps. Re- 
call that Ps is defined by q(ps)Ds = L. 

Step 1: Characterization of the optimal response of the borrower and the 
senior lender. 

Derivation: Because no p < p will be optimal, consider p E [p, Ps) first. If 
S(p,D) + Dj ? G, then the junior claim is not diluted. Calculations similar 
to the one used in Claim 1 of Proposition 2 show that a p with S(p,D) + 
Dj ? G is dominated by Ps. Among ps that dilute junior debt, the best choice 
is p. Therefore, the borrower's choice will be in {p} U [ps, 1]. 

Recall (1 - A*) = G - D/I-T(B - D). Define A(A) U(ps,A) - U(p,A) and 
denote by A the solution to A (A) = 0. The function A (A) is linear and satisfies 
A(A*) > 0 and A(0) < 0 by assumption (P2). Thus, the existence and unique- 
ness of A > 0 are guaranteed. Using these notations, we can characterize the 
optimal response function p (A): 

I when A > A* 

any p EPs, 1] when A =A* 
p (A) = (A19) 

Ps when A ' A < A* 

p P when A ' A. 
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For the senior lender, the optimal response function A(p) is the same as 
before. 

Step 2: For the contract to be acceptable, m(ps) ? 0 must hold. When 
m(ps) ? 0, the only candidates for equilibrium arep* E [ps,1) with m(p*) 0, 
and p with m(p) 0. 

Proof of Step 2: Because m(1) < 0 implies A(1) = 0, p = 1 cannot be an 
equilibrium. Thus, the equilibrium p lies in {p} U [Ps, 1). If m(ps) < 0, then 
m(p) < 0 for all p E [ps, 1]. Therefore, the only equilibrium is p with A E 
[0, A]. Because lenders collectively get only L at p, the contract is not accept- 
able. Suppose m(p5s) : 0 holds. Then, p E [ps,1) is an equilibrium if and 
only if m(p) = 0; otherwise the senior lender would not choose A E [A, A*]. 
Similarly, for p, m (p) ' 0 must hold. Q.E.D. of Step 

Step 3: The senior lender's contribution IS must satisfy Is E [L, I]. 

Proof of Step 3: If Is < L and Ds > L hold, the senior lender gets L > Is 
by not monitoring and demanding liquidation all the time. Knowing this, the 
junior lender would not accept the contract because without the senior lender 
monitoring, he will not get the minimum required return. Therefore, for the 
contracts with Ds > L to be acceptable, L ' Is ' I must hold. 

Q.E.D. of Step 

Step 4: Suppose that m(p5s) - 0 and Is > L hold. Once the contracts are 
accepted, the only equilibrium that survives the forward induction criteria is 
P E [ps,1) with m(p*) = 0. 

Proof of Step 4: When m(ps) -0, there can be at most two equilibria, 
P [Ps, 1) with m(p*) 0, or p = p. If the senior lender chooses A E [0, A], 
then p is an equilibrium, but he gets only L. According to the forward in- 
duction criterion, a senior lender contributing more than L would not play 
an equilibrium that gives him only L. Q.E.D. of Step 

Step 5: Suppose that m(ps) - 0 and Is = L. Then, onlyp* E [ps,i) with 
m(p*) = 0 survives the noise-proofness criterion of Carlsson and Dasgupta 
(1997). 

Proof of Step 5: The pair (p, A) - (p, 0) is an equilibrium only because an 
uninformed senior lender gets S(p,D) = G. Now, suppose that upon receiv- 
ing a renegotiation demand, the borrower thinks that there is a small prob- 
ability e> 0 that his inference about the senior lender's information is wrong. 
Then, a safe borrower would not renegotiate with the senior lender at p < p; 
if he does not renegotiate, he will get E (G - D) > 0, whereas he gets nothing 
if he renegotiates. Because a risky borrower would not follow a different 
strategy, neither type of borrower will renegotiate. 

This perturbation will change the game in the following ways: (i) there 
will be no change in equilibrium payoffs except for p e E P,s); and (ii) there 
will be no dilution of the junior claim when p e [p,Ps) because dilution 
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occurs only when the borrower pays out G. Therefore, the only equilibrium 
in the perturbed game is p* E [ps, 1) with m(p*) - 0. By letting e -- 0, we 
can eliminate the equilibrium p. This is the noise-proofness argument of 
Carlsson and Dasgupta (1997). Q.E.D. of Step 

Steps 6 and 7 will complete the proof of Proposition 6. 

Step 6: The optimal amount raised by the senior debt is the liquidation 
value L. Therefore, it is better to have a two-class debt contract. 

Proof of Step 6: Let Is = k E [L, I] be the amount raised by senior debt. 
Denote by S(k) and J(k), respectively, the face value of senior and junior 
debt as a function of k. Then, we have 

Fs(k) (S(k) - k)(L - -jS(k)) - (I - -i)cS(k) = O, (A20) 

Fj(k) (B - S(k) - J(k))(J(k) + k - I)(L - ijS(k)) - (B - G)cJ(k) = 0. 

(A2 1) 

Because the borrower gets (G - D), he will choose k E [L,I] to minimize 
D(k) = S(k) + J(k). After tedious computations, we get 

D'(k) S'(k) + J'(k) (A22) 
c 

F- (k)Ft (k) {(1 - IT)L (B - D (k)) - (B - G) (L - irD (k))}. 
Fk(k)F5(k) 

Multiply both sides by Fk(k)F5(k) and get the inequality 

Fk(h)F5(k)D'(k) > c[(1 - -DT)L(B - D(k)) - (1 - IT)L(B - G)] (A23) 
= c(1 - -r)L(G - D(k)) ? 0. 

Because the borrower will choose smaller solutions to equations (A20) and 
(A21), Fk(k) > 0 and F5(k) > 0 hold. Therefore, inequality (A23) implies 
D'(k) > 0. Because the optimal single-lender contract is equivalent to k = I, 
D'(k) > 0 implies the following: (i) it is strictly dominated by any two-class 
contract with Ds > L and P = 1; and (ii) the minimization of D (k) occurs at 
k* = L. Q.E.D. of Step 

Step 7: The optimal two-class debt contract exists and is unique. 

Proof of Step 7: Plug k = L into equation (A20) and get the following 
equation: 

Hs(x) = (x - L)(L - -x) - (1 - r)cx = 0. (A24) 
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Note that Hs (0) = -L2 < 0 and HS(d) = (I - L)(L - i-Td) > 0. Here, d is the 
face value of the optimal single-lender contract, so that (d - I) (L - rd) = 

(1 - r) cd. Therefore, there exists a unique x * e (O, d) with Hs(X*) . Plug 
k = L and S(k) = x* into equation (A21) and get 

HJ(Z) = (B - x* - z)(z - I + L)(L - -rx*) - (B - G)CZ = O. (A25) 

Note Hi (O) = (B - x*)(L - I)(L - rx*) < 0. Also we have Hj (G - x*) > 0 
because 

Hj(G - x*) = (B - G)(G - X* - I + L)(L - -rx*) - (B - G)C(G - X*) 

=(B - G){(G - I)(L - -r x*) - C(G - -r X*)} 
(A26) 

> (B - G){(1 - -r)cG + -r(G - x*)(G - I) - c(G - -x*)l 

= (B - G)-r(G - X* )(G - I - c) > 0, 

by assumption (P3). Therefore, there exists a unique z E (0, G - x with 
Hj(z*) = 0. This proves the existence and the uniqueness. Q.E.D. of Step 

Proof of Proposition 13: From the equations q(p*)Ds = L and (Ds - L) 
(L - ijDs) = (1 - -) cDs, we have 

q 
- 

2 (Ds - L)(L - irDs) > 0, (A27) 
aL DsFk(L) 

where Fs (.) is defined in equation (A20). Because l/q (p *) is the rate charged 
on senior debt, senior debt gets cheaper as L goes up. To show junior debt 
gets cheaper as well, we will show 

a ap 
-L fq(p*) - A*(1 - p*)-T} = [(1 - -j) + A*iT] -L - (1 - p* ),iT > ?. (A28) 

Because ap*jaL > 0, it suffices to show `A*/@L < 0. By differentiating equa- 
tions (A20) and (A21) with respect to L, we get 

aD c 
= {(1 - i)(B - D)(2L - Ds + Dj - I) - (B - G)(2L - Ds + Dj - rD)} 

aL A 

c 
< A(B-G)(I- D)<0, (A29) 
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where A = Fk(L)F5(L) > 0. The inequality comes from (1 - T)(B - D) < 

(B - G). Because (1 - A*) = G - D/lr(B - D), we have 3A*/3D > 0, and thus, 

AA AA AD 
= - - < 0. (A30) 

AL AD AL 

The claim is proved. Q.E.D. 
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